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Stellingen 

Behorende bij bet proefschrift 
Analytical and phytochemical studies on valerian and valerian based 

preparations 

1. Het gebruik van 1 ,8-dihydroxyanthrachinon ( danthron) als interne stan
daard bij de kwantitatieve analyse van valereenzuur, dat is voorgesteld 
voor de monografie van 'Valerianae radix' in de Europese Farmacopee, 
doet gezien de aard van de verbinding afbreuk aan de nauwkeurigheid van 
de bepaling. 

2. Het apparaat voor de bepaling van bet gehalte aan vlucbtige olie dat 
beschreven is in de Nederlandse Farmacopee 6e uitgave, 2e druk, verdient 
vanwege zijn robuustheid en vanwege de hoge mate van reproduceer
baarbeid die ermee bereikt kan worden, de voorkeur boven bet apparaat 
beschreven in de Europese Farmacopee 3e editie. 

3. Het identificeren van vlucbtige sesquiterpenen was en is moeilijk, zoals 
moge blijken uit de op massaspectrometrie gebaseerde identificatie van 
elemol - dat later valerianol bleek te zijn - door Hazelhoff el a/. en de op 
verschillende methoden gebaseerde, door Bos et a/. voorgestelde structuur 
van een verbinding met een retentie-index van 1555 uit de olie van 
Valeriano wallichii, die wellicht identiek is aan spirojatamol, zoals wordt 
beweerd door Marschall en Weyerstahl. 
B. Hazelhoti eta/. (1979) Pharm. Weekbl. 114, 443-449; R. Bos eta/. (1997) 
Flavour Fragr. J. 12, 123-131 (dit proefschrift, hoofdstuk 5); H. Marschall en P. 
Weyerstahl, persoonlijke mededeling. 

4. De kwaliteit van de wetenschappelijke bewijsvoering voor de werkzaam
heid van fytotherapeutica op basis van valeriaan vormt een schril contrast 
met de omvang van bet gebruik van deze preparaten. 

5. Bij bet gebruik van fytotherapeutica is de veiligheid van de preparaten in 
eerste instantie belangrijker dan een goed gedocumenteerd bewijs voor 
hun kliniscbe effectiviteit. 



6. Met bebulp van in-vitro cytotoxiciteitsassays kan de aanwezigheid van 
mogelijk toxiscbe stoffen in fytotherapeutica op eenvoudige wijze snel 
worden aangetoond, zelfs wanneer zij in lage concentraties voorkomeo. 

7. Ondanks de groeiende belangstelling - nationaal eo intemationaal - voor 
fytotherapie krijgt deze vorm van therapie zeer weinig aandacbt binnen de 
farmaceutiscbe opleiding in Nederland. 

8. Ten gevolge van de geringe instroom van jong analytiscb geschoold 
persooeel in bet universitair onderwijs en ooderzoek, zal er bij de 
pensionering van de buidige garde een schat aan praktiscbe ervaring 
verloren gaan, omdat deze niet of nauwelijks kan worden overgedragen. 

9. De verbouwing van bet voormalige T andheelkunde-gebouw ten behoeve 
van bet Universitair Centrum voor Farmacie in Groningen beeft zeker niet 
voor iedere werkgroep de beoogde voordelen opgeleverd. 

10. V oor een goede en krachtige ecooomische ontwikkeling van de gezamen
lijke Eemshavens is een gemeentelijke berindeling een eerste vereiste. 

11. Ook in de dubbeJrol van OBP-er (OBP = Qndersteunend Qeheersnersooeel 
en Qudere, hijzondere J!romovendus) kan een promotie-onderzoek tot eeo 
goed einde worden gebracht. 
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Preface 

Valerian species belong to the oldest medicinally used plants. Extracts from 
the roots and rhizomes have been used in the treatment of several ailments 
already in antiquity. In the middle of the eighteenth century, the drug was used 
for the first time for its supposed sedative properties. Valeriano officina/is is 
cultivated as a medicinal plant on a commercial scale in the northern part of 
Europe, and The Netherlands plays an important role here. 

Chemical analyses were carried out for the first time in the nineteenth 
century, and were especially directed to the essential oil. ln the search for the 
active substances of valerian, many compounds have been isolated and 
identified during the last 120 years. Despite the fact that many of these 
components have been pharmacologically tested, it is yet unclear which 
group(s) of components is (are) responsible for the sedative effect of the plant. 
Irrespective of this, several clinical studies have pointed to a sedative activity. 
On the basis of this, it has to be adopted that the activity rests on the 
interaction of several individual components (Holzl, 1996). 

The Department of Pharmaceutical Biology (formerly: 
Pharmacognosy) of the University Centre for Pharmacy in Groningen has a 
' long tradition' with regard to V. officina/is. Over the past 25 years, many 
investigations took place. It started with the quantitative examination of the 
essential oil for selection purposes, and was later extended with the 
quantitative HPLC analysis of valerenic acid and its derivatives thereof. As a 
result, several papers have been published. Laufer et a/. ( 1970) investigated the 
biologically active components in several Valeriano and Centranthus species. 
lsovaltral, an artifact of isovaltrate, was isolated and identified in 1979 by 
Denee et a/. Studies on phytochemical and pharmacological aspects of valerian 
compounds, with special reference to valepotriates, resulted in a PhD thesis by 
Hazelhoff in 1984. The last two decades, the essential oil, valerenal, and 
valerenic acid and its derivatives have become more important, not only from a 
pharmacological point of view, but also for the quality control and 
standardization of phytomedicines. The results of investigations concerning the 
occurrence of valeranone and cryptofauronol in the essential oil of V. 

officina/is collected in the northern part of The Netherlands and the 
pharmacological screening of valerenal, valerenic acid and other components 
of the essential oil were published by Hendriks et a/. between 1980 and 1985. 
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Studies of the vananon in the essential oil content and composition in 
individual plants obtained after breeding experiments with a V. officina/is 
strain can be regarded as the beginning of more extensive experiments 
resulting in this PhD thesis. 

The present study aims to characterize valerian species and valerian 
preparations with respect to their contents of valerenic acid and its derivatives, 
valepotriates, and essential oil components. Special attention is paid to the 
analysis of plant material and of commercially available phytomedicines with 
respect to valerenic acid and its derivatives, valepotriates and baldrinals. Also 
the composition of the essential oils of several other valerian species has been 
studied. In addition, attention is paid to breeding experiments and 
improvement of the quality of the crude plant material, in order to get insight 
into the seasonal variation of the characteristic groups of secondary 
metabolites of the plant, and for the determination of the optimum harvest time 
of the roots and rhizomes which is important from a commercial point of view. 
Finally. the cytotoxic potential of characteristic valerian constituents and 
valerian tinctures has been evaluated, in view of the safety of valerian and 
valerian preparations. 
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Chapter 1 

VALERIAN AND VALERIAN BASED PHYTOMEDICINES: 
BOTANY, CHEMISTRY, ANALYSIS, PHARMACOLOGY AND 

USE1 

Introduction 

The subterranean parts of three valerian species, namely Valeriana officina/is L. 
s./., V. wallichii DC. and V. edulis Nutt. ex Torr. & Gray, are used as mild 
sedatives, but show large differences with regard to their constituents. 
Consequently, phytomedicines prepared from these species are characterized by 
different chemical compositions (Hansel, 1990; Bos eta/. , 1994; 1996). 

It is still not fully clear which constituents are responsible for the 
sedative action, but valepotriates as well as valerenic acid and derivatives thereof 
are generally considered to contribute to it (Houghton, 1988; Morazzoni and 
Bombardelli, 1995; Bos eta/., 1996).ln addition, the essential oil may play a role 
in the biological activity of valerian (Hazelhoff et a!., 1979a; Bos et a/., 1994; 
1996). Quality assurance and quality control of the crude drug and its 
preparations should therefore be based on these major groups of secondary 
metabolites. 

In this chapter, botanical, chemical and analytical aspects with regard to 
the medicinally used valerian species are discussed as well as their use, 
pharmacology and toxicology. 

1This chapter is based on: 
Bos R, Woerdenbag HJ, Hendriks H, Malingre ThM (1 992) Der indische oder 
pakistanische Baldrian, Valeriano wa/lichii DC. (= Valeriano jatamansi Jones). z. 
Phytother. 13, 26-34. 
Bos R, Woerdenbag HJ, Zwaving JH (1994) Valeriaan en valeriaanpreparaten. Pharm. 
Weekbl. 129, 37-43. 
Bos R, Woerdenbag HJ, DeSmet PAGM, Scheffer JJC (1997) Valeriano species. In 
Adverse Effects of Herbal Drugs, Vol. 3 (De Smet PAGM, Keller K, Hansel R, 
Chandler RF, eds), Springer-Verlag, Berlin, Heidelberg, pp. 165-180. 
Woerdenbag HJ, Bos R, Scheffer JJC (1997) Quality assurance of the crude drug and 
its preparations. In Valerian, the Genus Valeriano (Houghton PJ, ed.), Hanvood 
Academic Publishers, Amsterdam, pp. 101 -128. 
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BotaDy 

The genus Yaleriana belongs to the Valerianaceae and contains about 250 
species. The majority of representatives of this genus is distributed over the 
temperate regions of the Old World, but they also occur in Central and South 
America The three most important species that play a role in herbal medicine are 
Y. officinalis L. s.l., V. wal/ichii DC. (synonym Y.jatamansi Jones) and Y. edulis 
Nutt ex Torr. & Gray ssp. procera (H.B.K) F.G. Meyer (synonym Y. mexicana 
DC.; Mexican valerian) (Hansel, 1990; Holzl, 1996). Y. edulis Nutt. ex Torr. & 
Gray can be divided geographically in three different subspecies: Y. edulis ssp. 
ciliata (Torr. & Gray) F.G. Meyer; Y. edulis ssp. edulis; and V. edu/is ssp. 
procera (H.B.K.) F.G. Meyer (Reichling et al., 1994). 

V. officina/is L. s.l. (valerian) is listed in the European Pbannacopoeia. 
Valerian roots consist of the subterranean organs of V. officina/is L. s./. including 
the rhizomes, roots and stolons (Anonymous, 1997). In Europe this species is 
cultivated on a large scale for the preparation of pharmaceuticals, prepared from 
the subterranean parts (Bos et al., 1996). V. officina/is is a collective term; hence 
the addition s./. (sensu /ato). Several subspecies are distinguished within the 
species, e.g. V. col/ina Wallr. (synonym V. officina/is L. ssp. col/ina (Wallr.) 
Nyman), V. exaltata Mikan ex Pohl (synonyms V. officina/is L. s. str., V. 

altissima Homemann, V. officina/is L. var. altissima Koch. V. muJiceps Wallr., V. 

officina/is L. var. major Koch sensu Vocke & Angelrodt, V. palustris Kreyer, V. 
provisa Kreyer), V. pratensis Dierbach ex Walther (synonym V. officina/is L. 
var. pratensis Dierb.), Y. procurrens Wallr. (synonym V. repens Host) and V. 

sambucifo/ia Mikan til. ex Pobl (synonym Y. exce/sa Poir.) (Titz and Titz., 1981 ; 
Titz et al., 1982; Reichling et al., 1994). The subspecies differ morphologically 
and cytologically, as well as in area of distribution (Steinegger and Hansel, 
1992). Other subspecies mentioned in the literature that belong also to the 
collective species are Y. salina Pleijl, V. officina/is L., Y. altemifolia Ledeb., and 
V. sylvestris Grosch (Weberling, 1970; Hegoauer, 1973; Penso, 1983; Frohne 
and Jensen, 1992; Steinegger and Hansel, 1992; Bruneton 1995). 

V. wallichii DC., the Indian or Pakistani valerian, is listed in the Indian 
Pharmacopoeia. It is collected in the Himalayas (Evan.s, 1989). 

V. edulis Nutt. ex Torr. & Gray ssp. procera (H.B.K.) F.G. Meyer 
originates from Central America and is described in the Mexican Pharmacopoeia 
(Lorenz. 1989; Holzl, 1996). 
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Chemistry 

V. officina/is contains valerenic acid (1) and its derivatives bydroxyvalerenic acid 
(2) and acetoxyvalerenic acid (3), as well as valtrate (4), isovaltrate (S) and 
acevaltrate (6). Small amounts of didrovaltrate (7) and isovaleroxyhydrox)
didrovaltrate (IVJ-ID; 8) may also be present (Thies, 1968a; Titz et a/., 1982~ 
1983; Bos eta/. , 1997a). (The valepotriate structures are according to El-Nagger 
and Beal, 1980) 

R 

COOH 

Yalerenic acid 
R=H 

2 Hydroxyvalerenic acid 
R = OH 

3 Acetoxyvalerenic acid 
R = OCOCH3 

V. wallichii and V. edulis lack valerenic acid and derivatives, but contain 
valepotriates in higher contents than V. officina/is. ln V. wallichii, valtrate, 
isovaltrate and didrovaltrate are found (Wienscbierz, 1978; Holzl, 1996; Bos et 
a/. , 1992). In V. edulis, valtrate, isovaltrate, acevaltrate, didrovaltrate and 
isovaleroxyhydroxydidrovaltrate are present (Thies, 1968a; Lorenz, 1989). 

Essential oil can be isolated from V. officina/is (Hazelhoff eta/., 1979a; 
Hendriks and Bos, 1984; Bos eta/., 1986a; 1986b; 1997c) and V. wallichii (Bos 
et al. , 1992; 1997b; Holzl, 1996). In V. edulis only trace amounts of volatiles are 
present (Hendriks and Bos, 1984; Steinegger and Hansel, 1992; Bos et a/., 
1997f). In Table 1, a survey is given of the contents of these groups of 
compounds in the three valerian species just mentioned, as reported in the 
literature. All three species are used for the production of solid, oral dosage 
forms, while from V. officina/is also tinctures and a tea are made (Bos et a/., 

1996). 
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4 Valtrate 
Rt = R2 = COCH2CH(CH3)2 
R3= COCH3 

S lsovaltrate 
Rt = R3 = COCH2CH(CH3)2 
Rz= COCH3 

6 Acevaltrate 
Rt = COCH2C(CH3)20COCH3 

R2 = COCH2CH(CH3)2 
R3=COCH3 

7 Didrovaltrate 
Rt = R3 = COCH2CH(CH3)2 
Rz = COCH3, R. = H 

8 lsovaleroxyhydrox:y
didrovaltrate (IVHD) 
Rt = COCH(OCOCH2CH(CH3h)
CH(CH3)2 
Rz = COCHzCH(CH3)2 
R3 = COCH3, R. = OH 

Another relevant group is formed by the baldrinals, yellow-coloured 
decomposition products of the valepotriates. Baldrinal (9) originates from 
valtrate and acevaltrate; homobaldrinal (10) from isovaltrate (Steinegger and 
Hansel, 1992; Bos eta/., 1997a). As cytotoxic and mutagenic effects have been 
described for the baldrinals (Bounthanh era/., 1981 ; Braun eta/., 1986; Von der 
Rude eta/., 1986; Dieckmann, 1988), their absence in the crude drug and in 

preparations has to be proved in order to avoid possible hazardous effects (Bos et 
a/., 1996). 

The subterranean parts of the three medicinally used V a/eriana species 
show large differences with regard to their constituents. Dried roots and rhizomes 
of V. officinalis contain 0.5-2.00/o (v/w) of essential oil, which is mainly 

composed of mono- and sesquiterpenoids. More than 150 compounds have been 
found in the oil so far. They include acyclic, monocyclic and bicyclic 
hydrocarbons, as well as oxygen-containing derivatives, such as alcohols, 
aldehydes, ketones, phenols, oxides and esters (Hendriks and Bos, 1984; Bos et 

14 

Table 1. Contents - based on dry weight - of the major groups of compOtmds in three 
valerian species used in herbal medicine (Holzl, 1996; Bos eta/., 1997a) 

Valeri ana 
officina/is 
wa//ichii 
edu/is 

Valerenic acid and Valepotriates Essential oil 
derivatives(%) (%) (%, v/w) 

Holzl Bos et a/. Holzl Bos et a/. Holzl Bos et a/. 
0.08-0.3 0.05-0.9 0.5-2.0 0.8-1.7 0.3-0.7 0.5-2.0 
absent absent 3.0-6.0 1.8-3.5 0.1-3.0 0.1-0.9 
absent absent 4.0-7.0 8.0-12.0 <0. 10 <0.10 

a/., 1996). The composition of the oil is highly influenced by the origin of the 

plant material (genotype, soil and climate), and by the method of isolating the oil 
(from fresh or dried material, via extraction or distillation). 

Based on the principal component of the oil, four chemotypes can be 
distinguished within the species V. officina/is, namely valeranone (11), valerianol 

(12), cryptofauronol (13) and valerenal (14) types (Bos eta/., 1986a). Initially, 
the valerianol type was called elemol type (Hazelhoff eta/., 1979a; Hendriks and 
Bruins, 1980; Hendriks eta/. , 1977). 

i 

wY 
0 

11 Valeranooe 

15 

9 Baldrinal 
R =COCH1 

10 Homobaldrinal 
R = COCH2CH(CH3)2 

12 Valeraniol 



i 

M 
OH 

13 Cryptofauronol 

CHO 
14 v alerenal 

V. officinalis contains characteristic cyclopentane sesquiterpenes. In the 

essential oil valerenal, valerenol (15) and its acetate {16), isovalerate (17), 
valerate (18) and hexanoate esters (19), and small amounts of valerenic acid and 

its methyl ester have been found (Bos et al., 1986b; 1997c; 1997e). Important 
non-volatile cyclopentane sesquiterpenes are valerenic acid and its derivatives 
acetoxyvalerenic acid and hydroxyvalerenic acid. The first two compounds are 
specific for V. officiJU1lis (Hansel and Schulz, 1982), while the third one is 
probably formed when the root material is stored improperly, e.g. Wlder too 
humid conditions. In that case hydroxyvalerenic acid is produced from 
acetoxyvalerenic acid. The content of valerenic acid and its derivatives ranges 
from 0.05% (in wild plants) to 0 .90/o (in cultivated strains) (Bos et al. , l997d). V. 
wallichii and V. edulis lack these cyclopentane sesquiterpenes. 
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15 Valerenol 
R= H 

16a E-Valecenyl acetate 
R =COCH3 

17a £-Valerenyl isovalerate 
R = COCH2CH(CH3)2 

18 Valerenyl valerate 
R = CO(CH2hCH3 

19 Valerenyl bexanoate 
R =COCsHu 

16b Z-Valerenyl acetate 
R =COCH3 

17b Z-V alerenyl isovalerate 
R = COCH2CH(CH3)2 

The essential oil of V. wallichii (0.1-0.9%, v/w) contains mainly the 

sesquiterpene alcohols patchouli alcohol (20) and maaliol (21) (Bos eta/ .. 1992; 
1997b). V. edulis contains only small ammmts of essential oil, e.g. patchouli 
alcohol (Bos et al., 1997f). The volatile compounds that are obtained from the 
subterranean parts of this plant by distillation mainly include valerie, isovaleric 
and hydrox:yvaleric acids, as well as several other decomposition products 
formed upon heating of valepotriates (Hendriks and Bos, 1984; Steinegger and 
Hansel, 1992; Holzl. 1996). 

V. officiJU1Jis and V. wallichii have several constituents in common with 
Japanese valerian species. They include valeranone (jatamaosone ), faurinone 

(22), kessane (23), a.-kessyl acetate (24a), cryptofauronol, fauronyl acetate (25), 
maaliol and patchouli alcohol (Stoll et al. , 1957a; Govindachari et al., 1958; 
Krepinsky et al., 1959; Hikino eta/. , 1963; 1968; Narayanan et al., 1964; Rucker 
and Kretzschmar, 1972; Bos eta/., 1983; Woerdenbag eta/. , 1997). It has been 
found that the total terpene content in Japanese valerian species is 2-25 times 
higher than in European species (Suzuki eta/., 1993). 
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20 Patchouli alcohol 
R =OH 

20a Patchoulyl acetate 
R =OCOCH3 

21 Maaliol 



' : 

~ 

22 Faurinone 

23 Kessane 
R=H 

24 a-Kessyl alcohol 
R=OH 

24a a-Kessyl acetate 
R=OCOCH3 

24b a-Kessyl isovaJerate 
R = OCOCH2CH(CH3)2 

In the 1960s, Thies and coworkers (Thies, 1966; Thies and Funke, 1966) 
isolated a novel group of natural products from subterranean parts of V. wallichii, 
and called these compounds valepotriates. V alepotriates are triesters of 
polyalcohols with an iridoid structure which possess an epoxy group (valeriana
epoxy-triesters). Differences are found in the number of hydroxyl groups, the 
type of ester groups, an the degree of saturation. As a result of dehydration or 
esterification of the various alcohol ftmctions, species-dependent mixtures of 
valepotriates are yielded Based on their chemical structure, valepotriates are 

~vided into two main groups, namely the diene type (including valtrate, 
tsovaltrate and acevaltrate) and the monoene type (including didrovaltrate and 
isovaleroxyhydroxydidrovaltrate) (Bos et a/. , 1992; Steinegger and Hansel, 
1992). 

25 Fauronyl acetate 
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V alepotriates are instable compounds: they are thermolabile and 
decompose under acidic or alkaline conditions, as well as in alcoholic solutions. 
After hydrolysis valerie and isovaleric acids are found among other compounds. 
The main decomposition products of the valepotriates are the yellow-coloured 
baldrinals. The baldrinals are chemically reactive and may subsequently form 
polymers (Steinegger and Hansel, 1992; Bos et al., 1996). 

V. officina/is contains 0.8-1. 7% of a mixture of valepotriates, consisting 
mainly of valtrate and isovaltrate in a ratio of 1:1-1:4 (Bos et a/., 1997d). V. 

wallichii contains 3-6% of valepotriates (Holzl, 1996). Next to valtrate and 
isovaltrate, didrovaltrate is also present in this species. Two chemotypes are 
distinguished for V. wallichii: the monoene and diene types (Wienschierz, 1978; 
Holzl, 1996). V. edulis is the richest in valepotriates (8-12%). Valtrate, 
isovaltrate, acevaltrate, didrovaltrate and NHD are present here (Thies, l968a; 
Lorenz, 1989). Valerosidate, an iridoid glycoside, is found in V. officina/is (up to 
1.5%) and in V. wallichii (up to 5%) (Steinegger and Hansel, 1992). 
Valepotriates are not only present in Valeriano species but also in Centranthus 
species. In addition, they do not occur exclusively in subterranean parts of the 
plants, but also in the leaves of Valeriano and Centranthus species (Funke and 
Friedrich, 1974; 1975; Holzl and Jurcic, 1975; Petricic, 1979; Dieckmann, 1988; 
Houghton, 1988). 

In contrast to the valepotriates, valerenic acid and its derivatives are 
chemically stable. In the future, they may play an important role in the 
standardization of valerian preparations prepared from V. officina/is (De Smet 
and Vulto, 1988; Hansel, 1992; Bauer et al., 1994; Bos eta/., 1996). Using the 
guidelines of the German Pharmacopoeia (9th edition), Schimmer and Roder 
(1992) investigated valerian roots and valerian tincture. V alerenic acids were 
detected by thin-layer chromatography (TLC) in 19 (out of23) commercial plant 
drugs derived from V. officina/is. In two plant products containing extracts from 
V. wallichii DC. and V. edulis Nutt. ssp. procera, these compounds could not be 
detected. V alerenic acid and its derivatives were also detected in several self
prepared aqueous extracts and in commercial tinctures (Schimmer and Roder, 

1992). 
Finally, in the subterranean parts of V. officina/is a number of alkaloids 

(0.05-0.1%) occur; actinidine, 8-methoxyactinidine (valerianine) and 
naphthyridylmethylketone have been found as well as several other, yet 
unidentified, alkaloids (Borkowski and Lutomski, 1961; Torssell and Wahlberg, 
1967; Franck et al., 1970; Grosset al., 1971; Johnson and Waller, 1971 ; Cionga 
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eta/., 1976; Buckova eta/., 1977; Janot eta/., 1979). Furthermore, isoferulic 

acid, y-am.inobutyric acid, free fatty acids and short-chain carboxylic acids have 
been isolated (Stoll and Seebeck, 1957; Bos eta/., 1997d). In the leaves of V. 
officina/is, the presence of four flavonoids has also been demonstrated (Greger 

and Emet, 1971). From the subterranean parts of V. wa//ichii, two isomers of 
1anarin isovalerate and 4-methoxy-8-pentyl-1-naphtbolic acid have been isolated 
(Thies, 1968b; Chari eta/., 1977; Pande and Shukla, 1993). 

The differences in secondary metabolites between the three medicinally 
used Valeriano species imply that the pharmaceuticals prepared from the 

respective crude drugs also largely differ with regard to their chemical 
composition. In spite of that, legal demands do not exist on this point However, 

several manufacturers have standardized their products, either on valepotriates or 
on valerenic acid and its derivatives. V aterian preparations with a standardized 

valepotriate content are mostly prepared from V. wa/lichii and V. edulis, because 
these species are relatively rich in valepotriates (Wichtl, 1989). Those 
standardized on valerenic acid and derivatives are made from V. officina/is. 

Another important factor is the dosage fonn. When a herbal tea was 
prepared by extraction of the subterranean parts of V. officina/is with hot water, 
up to 600/o of the valepotriates remained in the root material and only 0.1% could 
be recovered from the tea (Hansel and Schulz, 1985). In another study using 
subterranean parts of V. officina/is, no valepotriates could be detected in the tea, 
whereas valerenic acid and derivatives were present (Bos et a/., 1996). This leads 
to the conclusion that teas from subterranean parts of V. officina/is will be 
practically devoid of baldrinals (Hansel and Schulz, 1985; Dieckmaoo, 1988; 
Bos et al., 1996). For other valerian species (that are not commonly used in the 

fonn of a tea) no data are available on this point. However, as V. wallichii and v. 
edulis contain considerably larger amounts of valepotriates than V. officina/is, it 
cannot be assumed that a tea prepared from V. wallichii or V. edulis will also be 
devoid ofbaldrinals. 

Valerian film-<X>ated tablets and capsules contained small amounts (s 1 
m.g) ofbaldrinal (Hansel and Schulz, 1985; Dieckmann, 1988; Bos eta/., 1996). 
T~~ prepared from V. officina/is were devoid of valepotriates already 
~thin three weeks after preparation, due to the low stability of these compounds 
m ethanolic solutions (Petricic, 1979; Hansel and Schulz, 1985; Bos eta/., 1996). 
In view of this rapid degradation, it is not surprising that no baldrinals could be 
recovered from commercially available tincture samples (Dieckmann. 1 988; Bos 
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eta/., 1996). It is assumed that the baldrinals react further to form condensation 
products with other constituents from the tincture. 

Phar macopoeial aspects 

Crude drug and tinctures 

Pharmacopoeial aspects for the crude drug include a defmition, macroscopical 
and microscopical descriptions of the crude drug, identity and purity tests, and an 
assay for a quantitative determination. 

Va/erianae radix is listed in the current European Pharmacopoeia, 3rd 
edn {Anonymous, 1997). Hence, this monograph is also part of, among others, 
the German Pharmacopoeia, the French Pharmacopoeia, the British 
Pharmacopoeia, and the Dutch Phannacopoeia Valeriano radix is defined as the 
subterranean organs of V. officina/is L. s.l., including the rhizomes, roots and 
stolons, carefully dried at a temperature below 40°C. It contains not less than 
0.5% (v/w) of essential oil. 

Valerian was also included in the second edition of the Indian 
Pharmacopoeia (Anonymous, 1966a) and defined as the dried rhizomes, stolons 
and roots of V. wallichii DC. This monograph is not included in the current third 
edition. V. edulis has been included in the Mexican Pharmacopoeia. No 
monograph on valerian is found in the United States Pharmacopoeia, US? 
23/National Formulary, NF 18. 

The European Pharmacopoeia 3rd edn (Anonymous, 1997) furthermore 
contains a general monograph on tinctures, that is also applicable to Tincrura 
Valerianae. However, very limited information is included as yet. According to 
this pharmacopoeia, tinctures are prepared by maceration, percolation or other 
suitable, validated methods, using ethanol of a suitable concentration. Tinctures 
are obtained using 1 part of drug and 10 parts of extraction solvent, or 1 part of 
drug and 5 parts of extraction solvent. Limits are given for methanol and 2-
propanol: not more than 0.05% (v/v) of each of these alcohols is allowed. It is 
furthermore stated that a tincture should comply with limits prescribed for 
relative density, ethanol content and drug residue, however, without giving the 
limits. At this moment they are different for each tincture. 

According to the Dutch Pharmacopoeia 6th edn, 2nd printing 
(Anonymous, 1966b), valerian tincture is prepared by maceration from 1 part of 
valerian root and 5 parts of ethanol [70%, v/v]. The tincture has a brown colour, 
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and its relative density is 0.897-0.907 (d 20/1JJ). The drug residue is at least 2.5% 
(w/v). 

According to the German Pharmacopoeia, 'Deutsches Armeibuch', DAB 
10 (Anonymous, 1993b), valerian tincture is prepared by percolation of 1 part of 
valerian root with 5 parts of ethanol [70%, vlv]. The ethanol content is 63.5-
69.0% (v/v). The drug residue is at least 3.00/o (w/v). 

Recently, we studied the influence of different ethanol:water ratios on 
the composition of valerian extracts made from V. officinalis. At an ethanol 
concentration of 30% (vlv), valerenic acid and its derivatives started to be 
extracted from the subterranean parts. Above 500/o (v/v) of ethanol the amounts 
of these sesquiterpenoids were more or less constant V alepotriates were 
extracted only with ethanol concentrations above 70% (v/v). This means that if 
ethanol [70%, v/v] is used to prepare a valerian tincture, the extraction of the 
valepotriates is far from complete (Bos et a/. 1996). 

Macroscopical and microscopical descriptions of the crude drug 
- Va/eriana officina/is 

In the Ew-opean Pharmacopoeia 3rd edn (Anonymous, 1997) the morphology and 
the microscopical chaJ:acteristics of the crude drug are described. 

V aterian root has a characteristic and penetrating odour, resembling that 
of valerie acid and camphor. This is particularly true for poorly dried or old 
material. The taste is somewhat sweet at first, then spicy and slightly bitter. 
Properly dried material has the odour of the fresh essential oil, without a note of 
valerie acid. 

It is difficult to see the differences under the microscope between the 
pulverized roots of the three valerian species of interest. Thin-layer 
chromatography, to determine the presence of valerenic acid, is the best method 
to prove the identity of V. officina/is (Wicht!, 1989). 

- Va/eriana wallichii 

The Indian Pharmacopoeia 2nd edn (Anonymous, 1966a) descn"bes the 
macroscopical characteristics of the crude drug as follows. Indian valerian 
consists of dull yellowish-brown rhizomes, 4-8 em long and 4-10 mm thick, and 
a very variable amount of roots up to 7 em long and 1-2 mm thick. The rhizomes 
are unbranched and somewhat flattened dorsiventrally. The upper surface bears 
leaf scars and the lower swface roots or root scars. The rhizome breaks with a 

22 

short fracture, and the horny interior shows a small dark bark, a well-marked 
cambium, about 12 to 15 light-coloured xylem bundles and a dark pith and 
medullary rays. Stolons connect the rhizomes, are stout, 1-5 mm long and 2-4 
mm thick, yellowish-grey in colour, longitudinally wrinkled usually with nodes 
and internodes and bearing adventitious roots. Occasionally thin stolons, 1-2 mm 
thick, are found. Roots are yellowish-brown, 3-5 em long and I mm thick. The 
odour is strong and reminiscent of isovaleric acid. The taste is bitter and 
somewhat camphoraceous (Evans, 1989). A description of the plant is given by 
Bos eta/. (1992). 

The Indian Pharmacopoeia 2nd edn (Anonymous, 1966a) describes the 
microscopical characteristics of the crude drug as follows. The rhizome-cork 
consists of four to 14 layers of lignified suberised cells, that occasionally contain 
oil globules. The cortex is parenchymatous and contains numerous starch grains, 
oil globules and a yellowish-brown substance. The outer two or three layers of 
cortex are collenchymatous and occasional root traces appear as paler strands. 
The endodermis is one layered. The pericycle is parenchymatous and within it 12 
to 18 collateral vascular bundles, separated by dark medullary rays, are present. 
The pith is large, parenchymatous, lacunar and contains starch grains. Starch 
occurs as single or occasional compound grains of two components, individual 

grains being 7-30, mostly 10-25 J..UD, in diameter. Calcium oxalate is absent. 

Stolon-cork consists of two to five layers; the cortex up to 25 layers, 
parenchymatous, followed by about 20 collateral vascular bundles, which in 
young stolons are separated by cellulosic parenchymatous medullary rays, which 
in older stolons become lignified. Pith is wide and lacunar. Root traces are 
absent Roots have a small central parenchymatous pith surrounded by tetrarch to 
polyarch xylem and a wide parenchymatous bark. 

- V a/eriana edulis 

No macroscopical and microscopical descriptions are known. A botanical 
description of the plant is given by Reichling eta/. (1994). 

Chemical identity and pwity tests 

Using the identity reaction for V. officina/is according to the European 
Pharmacopoeia 3rd edn (Anonymous, 1997) the presence of valepotriates is 
shown. V alepotriates are lipophilic compounds that are extracted from the drug 
by methylene chloride. In the acetic acid-hydrochloric acid mixture used, blue-
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colomed cycJopenta-[c]-pyrylium salts (pseudoamlenes) are formed from 
valepotriates with a conjugated diene structure (valtrate, isovaltrate, acevaltrate) 
(Bohme and Hartke, 1979). 

This identity reaction, however, is not specific for V. officina/is. The 
roots of other V aleriana species, which also contain valepotriates of the diene 
type, will give a positive reaction as well (Hartke and Mutschler, 1987). A 
conclusion about the identity, however, will be possible after other tests have 
been carried out The identity of V. officina/is can be based on the pwity test of 
the European Phannacopoeia 3rd edn (Anonymous, 1997), using TLC (see 

below). In that test the presence of valerenic acid and derivatives, which are 
characteristic of V. officina/is, is checked In addition, HPLC methods are 
available to determine the characteristic valepotriate composition of the crude 
drug. as well as valerenic acid and its derivatives. These assays, however, are not 

(yet) included in the European Phannacopoeia 

- Thin-layer chromatography (TLC) 

According to the European Pharmacopoeia 3rd edn (Anonymous, 1997) the 
purity of Valerianae radix is determined by TLC, using silica gel as the coating 
substance (stationary phase). 

The chromatogram obtained with the test solution shows in the middle, 
at a retention factor (Rr) value between those of the pink zone (Sudan red G) and 
of the orange zone (aminoazobenzene) in the chromatogram of the reference 
solution, a deep-violet zone (valerenic acid) and sometimes above this zone a 
greyish-brown zone (valtrate and isovaltrate). Furthermore, a faint violet zone 
(acetoxyvalerenic acid) with an Rc value lower than that of the zone due to 
aminoazobenzene is seen, as well as grey zones situated between the zone due to 
valerenic acid and the starting point, a number of violet zones of variable 
intensity in the upper part of the chromatogram, and a mostly very faint violet 
zone immediately above the starting point 

Because valepotriates as well as valerenic acid and its derivates were not 
com.mercialJy available as reference substances until recently, the location of the 
spots due to these compounds is related to the location of Sudan red G and 
aminoazobenzene. Nowadays (iso)valtrate and valerenic acid and its derivatives 
can be purchased. The pmity test is selective for V. olficinalis, because the 
presence of valerenic acid and its derivatives is checked (Hartke and Mutschler, 
1987). In addition, essential oil components are also separated using this system. 
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- Extractable matter 
The extractable matter of valerian roots, as described in the European 
Pharmacopoeia 3rd edn (Anonymous, 1997), is not less than 15.0%. 

In the European Pharmacopoeia lst edn (Anonymous, 1975b), this 
demand was included in the definition of valerian root. However, the 
determination of the amount of extractable matter is not a substitute for an assay, 
quantitating valepotriates and/or valerenic acid and its derivatives (Bohme and 
Hartke, 1978). Moreover, after harvesting the fresh roots are washed. If the 
washing procedure has taken too long, the roots can leach, resulting in a lower 

amount of extractable matter (Hartke and Mutschler, 1987). 
According to the Indian Pharmacopoeia 2nd edn (Anonymous, 1966a), 

the alcohol [60%) soluble extractive should not be more than 30% for V. 

wallichii. 

- Sulphated ash 
Valerianae radix yields not more than 15.0% of sulphated ash, according to the 

European Pharmacopoeia 3rd edn (Anonymous, 1997). 
When organic matter is incinerated as such, the residue found wil~ 

depend on the temperature used. For instance, alkali chlorides and ~-alk~I 
carbonates are volatile at certain temperatures. In the presence of suJphunc actd 

non-volatile sulphates are formed. Because pyrosuJphates may be formed during 
the heating procedures, ammonium carbonate is added at the end. The suJphat~ 
ash is a measure for the total amount of inorganic matter in the plant matenal 

(Bohme and Hartke, 1978). 

- Ash insoluble in hydrochloric acid 
Va/erianae radix yields not more than 7.0% ash insoluble in hydrochloric acid, 

according to the European Pharmacopoeia 3rd edn (Anonymous, 1997). 

Using this procedure, non-volatile, inorganic impurities are determined, 

such as soil and sand It is a control of the washing procedure of the crude drug 

(Hartke and Mutschler, 1987). 
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Tincture residue 

A determination of the residue of Tmctw-a Valerianae is also described in the 
European Pharmacopoeia 3rd edn (Anonymous, 1997). The result is calculated 
as a percentage weight over weight (w/w) or weight over volume (w/v). 

Results of residue determinations obtained in our laboratory for the three 
Valeriano species discussed in this chapter are: V. officinalis 28-31%; V. 
wallichii 21-46%; V. edulis 29-30%. 

Identity ofTinctw-a Valerianae 

In the German Pharmacopoeia, DAB 10 (Anonymous, 1993b ), the identity of 
valerian tincture is detennined by 1LC with silica gel as the stationary phase. As 
a reference solution, fluorescein and Sudan red G are dissolved in methanol. 

The chromatogram of the test solution shows - after spraying with 
anisaldehyde and heating - an intense blue zone at about the Rr of fluorescein due 
to hydroxyvalerenic acid, and a violet zone at about the Rt- of Sudan red G of 
valerenic acid. In the upper part of the chromatogram several other faint red to 
violet coloured zones are found. 

In a tincture prepared from V aleriana species other than V. officina/is, 
the zones of valerenic acid and hydroxyvalerenic acid are absent. 

This assay is similar to the TLC analysis described by Hansel et al. 
( 1983), with the difference that these authors used a solution of vanillic acid and 
of anisaldehyde in methanol as the reference solution. To valerenic acid an Rt
value of0.4-0.5 Gust above anisaldehyde) was assigned, and to hydroxyvalerenic 
acid an Rt- value of 0.07-0. U Gust below vanillic acid). 

V alerenic acid and acetoxyvalerenic acid, that are characteristic of V. 
officina/is, can be detected immediately in the tincture. However, a purification 
step is added to the procedure since tinctures that are prepared from Indian or 
Mexican valerian contain neutral substances that can disturb the detection of the 
two acids. Therefore, the acids are converted into their corresponding potassium 
salts. The disturbing neutral compounds can now be removed from the aqueous 
phase by extraction with methylene chloride. After acidification, the 
sesquiterpene carboxylic acids are extracted with methylene chloride. This 
procedure to check the identity of valerian tincture can also be used to prove its 
purity, because aldulterations are recognized with this procedure. It should be 
noticed that hydroxyvalerenic acid is not a genuine constituent of V. officina/is; 
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the acid originates from acetoxyvalerenic acid that is hydrolysed in the alkaline 
aqueous phase by warming. 

Purity of the crude drug and of a freshly prepared homoeopathic mother tincture 

In the German Homoeopathic Pharmacopoeia, 'Homoopathisches Arzneibuch', 
HAB 1 (Anonymous, 1975c), a TLC method is described as a purity test for 
Valerianae radix as well as for a freshly prepared mother tincture. The same test 
was described in the European Pharmacopoeia 1st edn (Anonymous, 1975b). 

The TLC analysis for purity can be used to investigate a possible 
adulteration of V. officina/is with the other species; this might be done 
deliberately in order to enhance the valepotriate content. V. officina/is mainly 
contains valepotriates of the diene type (valtrate, isovaltrate and some 
acevaltrate), whereas both V. wallichii and V. edulis contain also considerable 
amounts of monoene valepotriates (didrovaltrate and NHD). Valepotriates with 
a diene structure appear with blue to greenish-grey colours; monoene 
valepotriates with yellow to greenish-grey colours (Bohme and Hartke, 1979). 

V. wallichii and V. edulis may contain valepotriate hydrins, yielding 
violet-blue zones in the chromatogram that are located immediately under the 
zone of the diene valepotriates mentioned in the previous paragraph (Bohme and 
Hartke, 1979). V alepotriate hydrins have the same chemical structure as 
valepotriates, but an acid is added to the epoxy group (Thies, 1968a). 

Van Meer et a/. ( 1977) pointed to the fact that next to the valepotriates 
located in the lower half of the chromatogram, components of the essential oil of 
valerian root are present, which are located in the upper half, i.e. above the zone 
due to valtrate. The essential oil components can be distinguished from the 
valepotriates by first spraying the chromatogram with a mixture of glacial acetic 
acid-hydrochloric acid [25%] 1: 1. The essential oil components colour purple to 
violet, whereas valepotriates yield green-grey (valtrate, acevaltrate), blue-green 
(NHD) and blue-grey spots (unidentified valepotriates with lower Rt- values). 
After subsequent spraying of the chromatogram with dinitrophenylhydrazine 
reagent, two components of the oil (aldehydes and/or ketones; Rt- 0.65 and 0.80) 
are coloured yellow to yellow-orange. After a while, two other components (Rt-
0.88 and 0.95) that do not belong to the essential oil colour yellow. These 
components were not seen before in daylight, nor under UV light or after 
spraying with acid. After spraying with the acid, under valtrate also purple zones 
are visible. 
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Identity of a stored homoeopathic mother tincture of valerian root 

The HAB 1 (Anonymous, 1975c) also comprises a TLC identity test for a stored 
mother tincture, that differs from a freshly prepared mother tincture. 
Valepotriates are not detectable in a stored tincture. Hence, coostiments of the 
essential oil are analysed Silica gel is used as the stationary phase, and the stored 
mother tincture as test solution. As a reference solution, borneol and bornyl 
acetate are dissolved in methanol. 

Qualitative and quantitative determinations 

V alepotriates 

- Spectropbotometty 

The first procedure for a quantitative determination of valepotriates bas been 
described by Mannestiitter et al. (1968). They isolated 'Halazucbrom B' (= 
valtrate) from a valerian extract, prepared with diethyl ether, by TLC on silica gel 
with methylene chloride-methyl ethyl ketone 9: I, or a column chromatographic 

separation with hexane. Valtrate was measured spectrophotometricalJy at 254 
nm. 

Valtrate was also converted into a deep-blue coloured product using 
hydrochloric acid in methanol {'Halazucbrom-Reaktion') whereafter the 

abso~ was measured at 610 nm {Mannestitter et al., 1968). The identity 
reactlon for V. officina/is, as described in the European Pbarmacopoeia 3rd edn 
(Anonymous, 1997), is derived from this earlier work. 

As only diene valepotriates colour blue with hydrochloric acid, 
didrovaltrate cannot be determined in this way.ln addition, didrovaltrate does not 
have a UV maximum at 254 nm. Wagner et al. ( 1970) described a 
spectrophotometric method by which all valepotriates can be determined. After a 
TLC separation of the valepotriates, followed by extraction, the hydroxylam.ine
iron(Dl) chloride reaction was carried out, after which the absorbance was 
measured at 512 nm. 

Because of their epoxide structure, valepotriates are able to alkylate the 
nucleophilic agent 4-{4'}-nitrobenzylpyridine {NBP). This reaction is linear time> 
and dose-dependent and can therefore be used for a specific quantitative assay of 
valepotriates using a suitable standard (Braun et al., 1983). Of a sample and a 
~ference ~lution (30 mg valtrate or didrovaltrate in 10 m1 methanol), 50~~ were 
mcubated m a water-bath of 40°C for 90 min with 2.95 m1 of NBP-reagent (360 
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mg NBP dissolved in 2.8 m1 of methanol, 7.0 m1 ofTris-HCl-buffer [0.1 N; pH 
7.4] and 11.0 m1 of ethylene glycol). Subsequently, to 2.0 m1 of the reaction 
mixture l.5 mJ of a solution of tetrene (tetramethylene pentamine) in acetone (2 
+ 3) were added. After mixing, the absorbance was measured 30 s later, at 560 

run. 

- Titrimetry 
The first titrimetric determination of valepotriates bas also been described by 
Mannestiitter et al. (1968), namely the 'Jodhydrin-Methode'. The epoxy group of 
the valepotriates was opened with sodium iodide in an ethanolic, acetate
buffered, acetic acid solution and then the corresponding iodine bydrine was 

formed. 

As this reaction proceeds very slowly (24 b), Liptak and Verzar-Petri 
(1980) published an improved method with respect to time. The titration of 
valepotriates was performed by opening the epoxide ring with hydrobromic acid; 
the reaction mixture was rapidly titrated with 0.01 N sodium acetate solution. 
Just before the end of the titration 5 mJ of a crystalviolet solution was added as 
an indicator. The titration was continued until a blue colour appeared. 

- Thin-layer chromatography (TLC) 

Several TLC methods for the determination of valepotriates, qualitatively as well 
as quantitatively, are found in the literature. St.abl and Schild (1969) published 
the first complete instruction for quickly testing valerian root for its valepotriates. 

Powdered valerian root, 0.2 g, was extracted with 5 m1 of methylene 
chloride. After filtration and washing the filter with 2 m1 of the same solvent, the 
solvent was evaporated on a water-bath and the residue subsequently taken up in 
0.2 m1 of methanol. Of this solution, 10 ~~ were used for chromatography. As a 
reference solution 10 mg of vanillin and I 0 ~~ of anisaldehyde were dissolved in 
10 mJ of methanol. Of the reference solution, 5 ~I were used for chromatography. 

As stationary phase silica gel with a fluorescence indicator (GF254) was 
used. The plate was developed twice over a path of 10 em, using hexane-methyl 
ethyl ketone 8:2 as the mobile phase, in a saturated chamber. The spots were 
visualized under UV light (254 nm) and after spraying with benzidine
hydrochloric acid reagent (0.1% benzidine in hydrochloric acid [25% ]-glacial 
acetic acid 1 : 1 ), followed by 10 min beating at 11 ooc (Stahl and Schild, 1971 ). 
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. Under UV light, the largest zone is found at Rr 0.5-0.6 {equal to 
anisaldehyde ), due to valtrate. After the reaction with benzidine a series of 

coloured zones are seen. V altrate becomes green-grey and anisaldehyde yellow. 
In the lower part of the chromatogram a blue zone is found at Rr 0.2-0.3 (equal to 
vanillin, yellow). Between the blue zone and the valtrate zone, two smaller and 
less intensively coloured zones are visible, due to didrovaltrate and acevaltrate. 

. The applied spray reagent was regarded an improvement if compared 
With older reagents. Spraying with 6 N hydrochloric acid {Mannestatter et af. 
1967) yielded an instable blue colour with valtrate and acevaltrate. Also ~ 
mixn.ue of equal volumes of hydrochloric acid [25%) and glacial acetic acid only 
colow-ed the diene valepotriates (1bies and Funke, 1966). Antimony trichloride 
[22%. w/v] in chloroform (Thies and Funke, 1966; Mannestiitter et al., 1967) did 
not give clear colours in daylight. 

Benzidine is a carcinogenic agent; as a substitute, Stahl and Schild 
( 1969) proposed a solution of 0.1% 2,4-d.initrophenylhydrazine in hydrochloric 
acid [25%]-glacial acetic acid 1:1 as a spraying reagent. As a disadvantage, a 

yellow background was obtained and the fluorescence was less; as an advantage 
the intensity of the colours due to valtrate, acevaltrate (blue) and didrovaltra~ 
(faint orange) was stronger. 

. Other mobile phases reported to give a good separation of valepotriates 
mclude benze~thyl acetate 9:1 , light petrol-ethyl acetate 8:2, diethyl ether
hexane 5:5, light petrol-acetone 8:2 (Stahl and Schild, 1969). 

Laufer et al. (1970) developed an improved TLC analysis for 
val~triates, based on the method of Stahl and Schild (1969), using the same 
stationary phase and the same mobile phase. The reference solution was also the 
same as applied by Stahl and Schild ( 1969), or was composed of reference 
v~epotriates, . i.e. 20 mg of valtrate, 20 mg of acevaltrate and 20 mg of 
didrovaltrate m 10 m1 of methanol. The plates were developed twice in a 
saturated chamber over a path of 15 em. Under UV light of 254 nm valtrate and 
acevaltrate are visible as purple spots against a greenish fluorescent background. 
Spraying was done with a 22% antimony chloride solution. immediately 
followed by the 2,~trophenylhydrazine reagent. After 5 min at 105°C, 
valtrate, acevaltrate and MID tum blue and didrovaltrate becomes orange. The 
colour of the spots as well as the reagent are stable. Quantitative valtrate 
determinations were done directly on the thin-layer plate by using a densitometer 
(at 258.5 nm). 
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Verzar-Petri er al. ( 1976) applied two-dimensional TLC for the 
separation of valepotriates using hexane-methyl ethyl ketone 8:2, hexane-methyl 
ethyl ketone 9:1 and methylene chloride-methyl ethyl ketone 9:1 as mobile 
phases. Detection was done under UV light of 254 nm and after spraying with 

dinitrophenylhydrazine reagent. 

Later, a better separation of the valepotriates was obtained by Hazelhoff 
et a/. (1979b), using toluene-ethyl acetate-methyl ethyl ketone 80:15:5 as the 
mobile phase. This eluent was used for qualitative and quantitative TLC, in an 
unsaturated chamber, nm 13 em. Detection was achieved under UV light of 254 
nm and again after spraying with dinitrophenylhydrazine reagent. 

RUcker et al. ( 1981) described a TLC method by which valepotriates can 
be determined next to baldrinals. High-performance thin-layer chromatography 
(HPTLC) reversed phase (RP-C18) F 254 and silica gel 60 F254 plates (Merck, 
Darmstadt, Germany) were used. Mobile phases were methanol-water 8:2 for the 
reversed-phase plates, and methylene chloride-ethyl acetate-acetone 48: I: 1 or 
methylene chloride-methyl ethyl ketone 98:2 for the straight-phase plates. 
Ammonia vapour was used as detection reagent. The reaction products of 
ammonia with valtrate, isovaltrate, acevaltrate, baldrinal and homobaldrinal 
could also be used for quantitative densitometric determinations. Valtrate and 
isovaltrate could be assayed without a detection reagent at 255 nm, the baldrinals 
without a detection reagent at 425 run, and didrovaltrate after reaction with 
ammonia at 279 nm. Following exposw-e to . ammonia vapour. valtrate and 
didrovaltrate could be assayed again, at 279 run. This method was about ten-fold 
more sensitive than the detection with anisaldehyde reagent (Stahl and SchUtz, 

1980). 
The reaction with NBP has been used by Braun et a/. ( 1983) for the 

quantitative determination of valepotriates (see under 'Spectrophotometry'). In 
addition, the NBP reaction was shown to be useful for the detection of 
valepotriates by TLC. After separation of valerian root extracts on silica gel 60 
F 254 (Merck) using n-hexane-methyl ethyl ketone 8:2 as the mobile phase, the 
plates were sprayed with a 3% solution of NBP in acetone. After heating the 
plate at 40°C for 90 min, the plate was submerged in a 10% solution of tetrene in 
acetone. Valepotriates yield deep-blue to violet-blue spots. 
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-Gas chromatography (GC) 
Verzar-Petri et al. (1976) described the first GC method for the determination of 
valtrate, acevaltrate and didrovaltrate. In addition, baldrinal could be detected. 
They used two different stationary phases, namely 2% OV-1 and 3% OV-17. 

A GC determination of valepotriates has also been described by Gtaf and 
Bornkessel (1978). The substances, extracted by methylene chloride, were first 
separated using TLC. The valepotriates were then eluted from their respective 
zones, and hydrolysed with a 0.5 N methanolic potassium hydroxyde solution (60 
min at 70°C). Each valepotriate yielded isovaleric acid that was subsequently 
extracted, after acidification, with diethyl ether containing propionic acid as the 
internal standard. Isovaleric acid was then determined by GC on a Carbowax 

column. 

- High-performance liquid chromatography (HPLC) 

The first HPLC method for the determination of valepotriates has been described 
by Tittel (1978), Tittel and W~ (1978) and Tittel et al. (1978). They obtained 
a good separation suitable for qualitative as well as quantitative purposes from 
both crude material and preparations. A silica gel column with a particle size of 
10 J.1Dl (MN-Nucleosil 50, 25 em x 4 mm i.d., or Lichrosorb Si 100, 35 em x 8 
mm) and n-hexane-ethyl acetate 20:3 as the eluent were used. For detection, _a 
refractive index and a UV detector were applied The authors stated that this 
method was superior to the combined TLC-spectrophotometric method using the 
hydroxylamine-iron(Ill) chloride reagent (Wagner et al. 1970), with respect to 
time consumption, precision and sensitivity. The sequence of elution was valtrate 

and isovaltrate, didrovaltrate, acevaltrate. 

For the determination of (iso)valtrate another HPLC method bas been 
presented by Hazelhoff et al. (1979b). A Spherisorb Silica SSW column, 25 c~ x 
4.6 mm i.d., particle size 5 J.1Dl (Chrompack, Middelburg, The Netherlands), wtth 
0.8% methanol in hexane as the mobile phase, and detection at 254 nm were 

applied 
Van Meer and Labadie (1981) described a straight-phase as well as a 

reversed-phase HPLC method for the analysis of valepotriates. The strai~t
phase colwnn was a 5 J.1Dl Partisil silica colwnn (Chrompack). 25 em x 3 mm t.d. 
As eluents n-hexane-ethyl acetate 90:10 or 95:5, or n-hexan~thanol 99.5:0.5 
were used. The reversed-phase column was a 5 J.1Dl Spherisorb ODS 
(Chrompack), 25 em x 3 mm i.d; methanol-water 50:50 or acetonitrile-water 
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60:40 were the eluents applied. Monoene valepotriates were detected at 206 nm, 
diene valepotriates at 256 nm. 

Dossaji and Becker ( 1981) used reversed-phase HPLC with gradient 
elution for the determination of diene valepotriates. A Waters Bondapak C1s 
colwnn, 30 em x 3.9 mm i.d., was used with a methanol-water mixture as the 
eluent. A: 20:80 and B: 80:20; initially 85% B, ftnaUy 100% B in 5 min. 
Monoene valepotriates were separated on the same column, isocratic with 
methanol-water 80:20. Detection was done at 254 nm (dienes) and 208 run 
(monoenes). 

A comparable system was presented by Forster eta/. (1984). The authors 
used an Altex Ultrasphere-ODS preparative column, 25 em x 10 mm, particle 
size 5 f.lm, equipped with an Altex guard column ( 45 x 4.6 mm, 30 !liD particles 
pellicular ODS). Monoenes were eluted with acetonitrile-water 70:30 and 
detected at 206 nm. For dienes a gradient was used of methanol-water mixtures, 
A: 60:40 and B: 90:10; initially 60% B, finally 90% B in 15 min. Detection of 
the dienes at 254 nm. 

Chavadej et a/. (1985) applied gradient elution for the monoenes as well 
as the dienes. A Lichrospher 100 CH (5 f.liD) column (Merck) was used. A 10 
min gradient elution was achieved with methanol-water, A: 40:60 and B: 90: 10; 
starting with 75% B to 95% B. The dienes were detected at 254 nm and the 
monoenes at 206 nm. As an internal standard n-pentylbenzene was used. 

V altrate and isovaltrate have been analysed in a methylene chloride 
extract ofvalerian, on a Lichrosorb RP-18 column (7 f.lm) using methanol-water 
80:20 with 0.5% phosphoric acid as the eluent. Detection was done at 255 nm. 
With a flow rate of 2 m.Vmin, isovaltrate eluted after 6.4 min and valtrate after 
7.4 min (Hansel and Schulz, 1985). 

Griinicher eta/. (1992) applied the system of Forster eta/. (1984), but 
with some modifications. They used a Nucleosil C 1s colwnn (25 em x 4 mm i.d., 
5 !liD) fitted with a Nucleosil cl8 guard column (30 X 4 mm i.d., 5 f.!m). 
Pentylbenzene was used as internal standard. The solvent system was methanol
water 90:10 (pump A) and methanol-water 40:60 (pump B). Elution of the diene 
type valepotriates was achieved isocratic with 60% A for 15 min, and a linear 
gradient to 90% A in 22 min. The monoene valepotriates were eluted with 60% 
A for 27 min, followed by a linear gradient to 80% A in 14 min. 
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V alerenic acid and derivatives 

Initially, analytical procedures were focussed on the valepotriates as they were 
considered to be the main phannacologically active constituents of valerian. In 
the 1980s, however, the valerenic acids started to attract attention, and analytical 
procedures for these compounds - only present in V. officina/is - were developed. 

- Thin-layer chromatography (TLC) 

For a better detection of acetoxyvalerenic acid in valerian root, Schimmer and 
ROder ( 1992) proposed to extend the TLC purity test described in the Gennan 
Pharmacopoeia, DAB 9 (= procedure described in the European Pharmacopoeia 
2nd edn (Anonymous, 1993c); see elsewhere in this chapter) with the TLC 
identity test for valerian tincture as included in the same pharmacopoeia (= 
procedure described in DAB 10; see elsewhere in this chapter), since acetoxy
valerenic acid could better be determined after conversion into hydroxyvalerenic 
acid 

In addition, Schimmer and ROder (1992) obtained a better separation of 
the zone due to valerenic acid from the tincture following a second development 

of the plate, using toluene-ethyl acetate 93:7. 

In ow laboratory the following TLC system is applied in order to check 
the identity of V. officina/is. An extract of 1 part of powdered plant material is 
made with 5 parts of ethanol [70%, v/v]. As a stationary phase, precoated 
channeled glass plates, silica gel, 250 J.Ulllayer (Baker Si250F, 19C) are used 
under the following conditions: unsatmated chamber; mobile phase, hexane
diethyl ether 6:4; distance of development, 15 em; detection, spraying with 10 m1 
of anisa.ldehyde reagent followed by 5-10 min heating at 105°C. Samples of 

10 J1l of a 1% solution of the extract in methanol are applied. The detected 
compounds with their respective Rr values and the co loW'S of the spots are listed 
in Table2. 

- High-performance liquid chromatography (HPLC) 

Hansel and Schulz (1982) were the first to descn"be an HPLC method for the 
detennination of valerenic, acetoxyvalerenic and hydroxyvalerenic acids, and 
valerenal, in both the crude drug and tinctures of V. officina/is. The co
occurrence of the sesquiterpenoids valerenic and acetoxyvalerenic acid, and the 
possible presence of hydroxyvalerenic acid, is confined to V. officina/is; this 
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Table 2. Characteristic thin-layer chromatogram of the main components of V. officina/is 

Compound Rr Colour 

Hydroxyvalerenic acid 0.01 Violet 

Acetoxyvalerenic acid 0.15 Violet 

Valerenic acid 0.38 Violet 

Baldrinal 0.47 Yellow 

Cryptofauronol 0.65 Pw-ple-violet 

Patchouli alcohol 0.70 Brownish-blue 

Valerenal 0.86 Blue 

Valeranone 0.89 Yellow 

HPLC method can therefore be employed to detect adulterations by non-officinal 

valerian root extractives (like V. wallichii and/or V. edulis). 

The HPLC method consisted of a reversed-phase analysis using an RP-
18 (7 J.UD) column (Knauer, Berlin, Germany), 25 em x 4.6 mm i.d., and a guard 
column of 40 mm. A mixture of methanol-water 80:20 with 0.5% phosphoric 
acid was used as the eluent (pH 2). Detection was done at 225 nm. It was shown 
that valepotriates had retention times that were comparable with those of the 
sesquiterpenoids, disturbing the analysis of root material. The lipophilic acids 
were therefore separated from the lipophilic neutral components by treatment 
with alkali. After acidification of the alkaline aqueous fraction containing the 
sesquiterpenoids, they were extracted with chloroform. Tinctures of V. officina/is 
were analysed directly, as they were devoid of valepotriates. Biphenyl was used 

as an internal standard. 

Freytag (1983) presented a simplified and more reproducible procedure 
when compared with the method of Hansel and Schulz (1982). The crude root 
material (V. officina/is) was extracted with methylene chloride; the solvent was 
evaporated, and the residue dissolved in methanol. This extract contained both 
valerenic acids and valepotriates. The same procedure, but with ethanol-water 
70:30 with 1% acetic acid as extraction solvent yielded an extract free of 
valepotriates, whereas the valerenic acids were quantitatively extracted. HPLC 
was done using a Licbrosorb RP-18 (5 J..liD) colUII1Il, 25 em x 4.6 m i.d., and 
acetonitrile-phosphoric acid (pH 2.0) 65:35 as the mobile phase. The compounds 
were detected at 225 nm. Using this procedure, acetoxyvalerenic acid was 
determined as such, instead of in the form ofhydroxyvalerenic acid. No alkaline-
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acid liquid-liquid extraction was necessary to separate the valerenic acids from 
the valepotriates. 

Recently. Gobbato and Lolla (1996) described an HPLC method for the 
analysis of valerenic acids in V. officina/is extracts using a Zorbax SB-C1a 
colwnn, 25 em x 4.6 mm i.d., 5 J1ID (Rockland Technologies, Inc., Newport, 
USA). For elution, an acetonitrile-phosphoric acid [0. J %, v/v] gradient was used. 
The column temperature was 40°C, and the detection was at 225 run. 

Baldrina/s 

- Thin-layer chromatography (TLC) 
A TLC method for the determination of bald.rinal and homobald.rinal - next to 
valepotriates - was described by Rucker et al. ( 1981 ); details are mentioned 
above under 'V alepotriates'. 

Essential oil 

In order to meet the definition of Valerianae radix given in the European 
Pharmacopoeia 3rd edn (Anonymous, 1997), an assay is carried out according to 
the determination of essential oils in vegetable drugs. Tills is a hydrod.istillation 
in a special apparatus; the oil is collected in a graduated tube, while the aqueous 
phase is recirculated into the distillation flask. Using the assay conditions 
prescribed, the crude drug should contain not less than 0.5% (v/w) of essential 
oil. 

A description of the essential oils of V. officina/is and V. wallichii is 
given in The Wealth of India (Anonymous, 1976). The oil from V. officina/is 
roots is olive-green to oliv~brown in colour. It has a warm-woody, ba.lsaJnjc

root-like odour with a distinct animal undertone of musk-like character and great 
tenacity. A fresh-green, slightly camphoraceous top-note is also typical in the 
odour of good oil. Under poor storage conditions and on ageing, the oil twns 
darker, becomes more viscous, and acquires an objectionable odour of valerie 
and isovaleric acids. The oil from V. wallichii roots is a pale-brown or amber
yellow coloured liquid with a root-like odour and with a distinct note of valerie 
acid, more or less pronounced according to the age of the oil. Musk-like and 
patchouli-like camphoraceous notes are quite characteristic. The oil distilled 
from shade-dried roots, not too old, has a finer odour reminiscent of violet leaf 
oil. The odour and flavour of V. wallichii oil is considered poor as compared to 
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V. officina/is oil. The chemical composition of the essential oils of the Valeriana 
species of interest will be discussed in the following chapters. 

Storage conditions 

According to the European Pharmacopoeia 3rd edn (Anonymous, 1997), 
Valerianae radix should be stored in a well-closed container, protected from 

light. 
Powdered valerian root rapidly loses its essential oil and will no longer 

comply with the pharmacopoeial standard. In addition, the drying as well as the 
storage temperature are important. At temperatures higher than 40°C, the 
valepotriates start to decompose, yielding valerie and isovaleric acids. The 
characteristic odour of these acids points to material dried or stored improperly. 
Additionally, hydroxyvalerenic acid may be considered to be a decomposition 
product of acetoxyvalerenic acid when the drug is stored at a too high humidity 

(Freytag, 1983; Bos eta/. 1996). 
Valerenic acid and its derivatives have been proved to be stable in both 

plant material and preparations. In contrast, valepotriates rapidly decompose if 
water is present. They show a temperature-dependent instability. In commercially 
available valerian tinctures, for instance, valepotriates could not be detected 
anymore. After a storage time of several weeks these compounds have 
decomposed, first yielding baldrinals, that may react further vvith yet unknown 
substances present in the tincture or form polymerization products (Bos et a/., 

1996). 

Regulatory aspects 

Present situation 
For quality control of Valeriana radix and of phytomedicines prepared from 
valerian, the monograph of the European Pharmacopoeia 3rd edn (Anonymous, 
1997) can be used, but additional analyses are necessary (Woerdenbag, 1995). 

Between various countries of the European Union and in the United 
States of America, large differences exist in the legal position of herbal 
medicines. Regulations vary considerably from country to country, and in most 
European countries and in the USA the legislation of herbal drugs is much les 

progressive than that of synthetic drugs. 
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The German health authorities, 'Bundesinstitut fiir Armeimittel und 
Medizinprodukte' (formerly 'Bundesgesundheitsamt'), have set up an expert 
committee for the evaluation of herbal drugs, the so-called 'Kommission E'. The 
findings of the Kommission E, based on data available from the literature, are 
laid down in a monograph, in which the balance between usefulness and risk is 
weighed (Woerdenbag et al., 1993; Woerdenbag, 1995). For valerian a 'Positiv
Monographie' exists, meaning that the herbal drug has been found to be 
biologically active, without inducing serious side effects (Anonymous, 1992a). 
The root is permitted for oral use, and for preparation of herbal tea and tincture 
(DeSmet, 1993). 

In France and Belgium, herbal remedies are subject to general drug 
regulations, and should therefore comply with criteria of efficacy, safety and 
quality. As compared with synthetic drugs, a simplified admission procedure is 
applied, which is based on chemical and phannaceutical documentation, as 

available from the literature. Subterranean parts of V. officina/is and preparations 
therefrom are permitted for oral use in France. In Belgium subterranean parts, 
powder, extract and tincture are permitted as traditional tranquillizer (De Smet, 
1993). 

In the United Kingdom, there are no special guidelines for the admission 
of herbal remedies to the drug market. To be accepted as a medicinal product, a 
herbal preparation must comply with the Guidelines on Safety and Efficacy 
Requirements for Herbal Medicinal Products. As proofs of safety and efficacy, 
literature data should be submitted. For acceptance as an approved drug, 
however, evidence from clinical trials is required. For this reason, only few 
phytomedicines, not including valerian. have reached the status of approved drug 
in the United Kingdom (De Smet, 1993). 

In The Netherlands, no other legal regulations than the European 
Pharmacopoeia 3nd edn {Anonymous, 1997) and the 'Warenwet' (Food Act) exist 
for phytomedicines, which do not have the status of drugs therefore, and may not 
be called a drug or recommended as such. In principle, herbal preparations can be 
sold by anyone in The Netherlands, a situation which tends to provoke inexpert 
use (Woerdenbag, 1995). 

It is clear that there is no unity at all in the European Union, in the field 
of herbal drugs. In 1989 the European Scientific Cooperative on Phytotherapy 
(ESCOP) was founded The general aim of ESCOP is to advance the scientific 
status of phytomedicines and to assist with hannonization of their regulatory 
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status in European countries. In a European frame-work, ESCOP prepares 
monographs for herbal drugs. These monographs, officially known as SPCs 
(Summary of Product Characteristics), are offered to regulatory authorities, the 
Committee on Proprietary Medicinal Products (CPMP), as a means of 
harmonizing the medicinal uses of plant drugs in the European Union and in a 
wider European context. An SPC of Valerianae radix has been submitted to the 

CPMP (Krant, 1994). 
ESCOP defines phytomedicines as follows: 'Phytomedicines (plant 

medicines) are medicinal products containing as active ingredient only plants, 
parts of plants or plant materials, or combinations thereof, whether in the crude 

or processed state'. 
Many of today's widely used herbs were once the subject of monographs 

in The United States Pharmacopoeia and The National Formulary, including 
valerian root (V. officina/is). No such legal standards exist in the USA today. The 
Food and Drug Administration (FDA) has evaluated the safety and efficacy of 
several herbal medicines. Valerian root has been granted the 'Generally 
Recognized As Safe' (GRAS) status (DeSmet, 1993; Tyler, 1993; 1994). 

The .future 
In the near future, the European Pharmacopoeia Commission is expected to 
change the monograph on valerian root. An HPLC assay for the quantitative 
determination of valerenic acid will be included, as well as a demand for its 
content in the crude drug. The present demand of at least 0.5% (v/w) essential oil 
will then probably be abandoned (J.H. Zwaving, personal communication). The 
quantitative determination of valerenic acid and derivatives insures that extracts 
are not adulterated by roots of V. wallichii and/or V. edulis (Hansel and Schulz, 

1985). 
Hansel and Schulz (1985) proposed criteria for the content of valerenic 

acid and its derivatives. They recommended that alcoholic extracts of V. 
officina/is should contain valerenic acids with a minimum of 120 mg/100 g and 

aqueous extracts a minimum of 60 mg/1 00 g. 
Valerian based phytomedicines are sometimes standardized (Bos eta/., 

1996). Preferably this should be done on valerenic acid and its derivatives, 
because of their stability. This implies that V. officina/is is the crude material of 

choice for such phytomedicines (Hansel, 1992). 
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For the Emopean Pharmacopoeia a monograph on Extractum Va/erianae 
siccwn (dry valerian extract) is in preparation (Zwaving, 1993). 

Pharmacology and uses 

V aterian root bas already been used by the Greek and the Roman physicians as a 
diuretic, anodyne and spasmolytic agent In the 17th century it was used to treat 
epilepsy. Its cwrent use as a mild sedative dates back to the 18th century (Stoll 
and Seebeck, 1957; Madaus, 1976). Valerian bas often been used in conjWlCtion 
with bromides, chloral hydrate, and phenobarbital, in the treatment of hysteria 
and other nervous conditions. It bas also been used as a carminative (Reynolds 
and Prasad, 1982). Valepotriates have been applied to influence psycho
vegetative and psychosomatic disorders in cases of restlessness, agony and 
tension, as well as lack of concentration (Steinegger and Hansel, 1992). 

Nowadays, valerian preparations are used primarily to treat light forms 
of neurasthenia and emotional stress (Anonymous, 1993a). Fmtber indications 
are disturbances in falling asleep and cramping pains in the gastro-intestinal tract, 
as a consequence of tension (Steinegger and Hansel, 1992). V. wallichii is used in 
Aywvedic medicine (Kapoor, 1990), e.g. as a sedative. 

In the past decades numerous studies have been directed to the 
pharmacology of valerian extracts and their isolated constituents, as reviewed by 
Houghton (1988). OriginaUy, the essential oil and especially its constituents 
bomyl acetate and bomyl isovalerate were held responsible for the mild sedative 
properties ofvalerian preparations {Gstimer and KJeinbauer, 1958), but later this 
did not appear to account for the entire action of the extract Although several 
alkaloids from valerian root have been found to exhibit sedative effects in rats 
(Rabbeno, 1930; Borkowski and Lutomski, 1961; Cionga., 1961; Sandor et a/., 
1970), they are unlikely to play a significant role in the biological activity of 
valerian preparations because of their very low concentrations. Aqueous extracts 
of valerian roots only showed a sedative effect in laboratory animals at extremely 
high doses (Hansel, 1990). 

After the characterization and demonstration of the biological activity of 
the valepotriates in the late 1960s and early 1970s, many investigators focussed 
their attention on these substances. A mixture of various valepotriates, as present 
in an extract of Y. wa/lichii, was found to have sedative properties in mice (Von 
Eickstedt and Rahman, 1969). In addition, a spasmolytic effect of valepotriates 
on smooth muscle of the guinea pig was described (Wagner and JW'Cic, 1979; 
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Hazelboff et a/., 1982). A decrease of spontaneous locomotor activity of mice 
bas also been noticed after administration of valepotriates (Wagner et al., 1980: 
Holzl and Fink, 1984 ). In the perfused rat brain, changes in the 
electroencephalogram (EEG) have been found which were induced by 
valepotriates (Fink et a/., 1984). However, following oral administration of 
valepotriates, only a small fraction is absorbed. Therefore, no evidence exists that 
pharmacologically relevant concentrations are reached in the central nervous 
system after oral ingestion (Steinegger and Hansel, 1992). In a neurophysio
logical study with cats that were given valepotriates or valerian extract orally, no 
changes in the EEG were observed that could point to a central sedative effect. 
The muscle tonus of treated animals, however, became reduced (Holm er a/., 
1980). It has been concluded by Grusla et al. (1986) and Krieglstein and Grusla 
( 1988) that valepotriates, valerenic acid, valeranone as well as the essential oil of 
valerian do not possess a central depressant action, because these substances 
were not found to induce a reduction of the glucose turnover in the rat brain. 

It bas been demonstrated, in the late 1950s and early 1960s, that 
valerenic acid possesses spasmolytic properties and that valeranone has 
anticonvulsive, hypotensive and sedative effects (Stoll et a/., 1957a; Arora and 
Arora, 1963; Rucker eta/. , 1978). Furthermore, the related species Nardostachys 
jatamansi DC., which was used in Asia for the treatment of nervous diseases, 
was shown to contain valeranone but lacked valepotriates. Later, the 
pharmacological properties of valeranone were confirmed, and also valerenal and 
valereruc acid were found to show central depressant and spasmolytic properties 
(Hendriks eta!., l981a; 1985). 

In the so-called syndrome test, in which a series of symptoms are 
observed in mice after administration of a test compound, a general depressant 
effect was found for several constituents of the essential oil of V. officina/is 
(Hendriks et al., l98la). For valerenic acid, non-specific central depressant 
effects have been described following intraperitoneal administration to mice. At 
doses above 100 mglkg body weight, effects were found in a rotarod test and in a 
traction test. Spontaneous locomotor activity of mice was reduced by valerenic 
acid at a dose of 50 mg/kg. At this dose a prolongation of the barbiturate-induced 
sleeping time was found as well (Hendriks et al., 1985). 

Studies carried out in Japan showed that the two monoacetates (27a and 
27b) ofkessoglycol (26) as well as its diacetate (27c), compounds that were also 
isolated from valerian roots, enhanced a hexobarbital-induced anaesthesia 
(Takamura et al., 1975a; 1975b; Hikino et al., 1980). The activity of the diacetate 
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R, l 

S=®----R, 
/ 

26 Kessoglycol 
R1 = R2 =0H 

27a Kessoglycyl 2-acetate 
R1 = OCOCH1, R2 = OH 

27b Kessoglycyl 8-acetate 
R, = OH, R2 = OCOCH1 

27c Kessoglycyl diacetate 
R, = R2 = OCOCH1 

was assumed to be due to its inhibitory effect on the central nervous system; the 
compound did not exhibit an inhibitory action on stress-induced ulcer formation. 

Recently, a commercially available root extract prepared from V. 
officina/is and standardized on valerenic acid was shown to produce a moderate, 

dose-related sedation in mice following oral administration. Reduction in 
motility and an increase of the thiopental-induced sleeping time were used as 
parameters, and the extract was compared with diazepam and chlorpromazine. 
The extract showed only weak. anticonvulsive properties (Leuschner eta/., 1993). 

V aterian root essential oil and some volatile compounds (borneol, 
isobomeol, bomyl acetate and isobornyl acetate) are also used in aromatherapy. 
It has been suggested that a sedative effect may arise from inhalation of the 
monoterpenes, but the only evidence for this comes from animal experiments 
(Buchbauer eta/., 1992). 

In several clinical studies good results have been reported for various 
valerian preparations, including mild sedation. decreased perceived sleep 
latencies and awakenings, and improved sleep (Buchthala, 1968; Dziuba, 1968; 
Standi. 1968; Straube, 1968; HUbler, 1969; Jauch, 1969; Jansen, 1977; 

Leathwood eta/., 1982; 1983; Lindahl and Lindwall, 1989; Dre8ing eta/., 1992). 
However, Holzl (1996) recently reviewed clinical studies with valerian extracts 
and emphasized that. in general, the quality of these studies was suboptimal, and 
that the exact chemical composition of the preparations used was often not clear. 

Despite the fact that rather extensive research has been conducted on 
valerian, it is still unclear which compound(s) is (are) responsible for its sedative 
action (Houghton, 1988; Bos et a/., 1996). It has been suggested that a 
combination of constituents is responsible for the effect and that degradation 
products of genuine constituents could also play a role (Wei8, 1990). However, it 
has been concluded by Hazelhoff (1984) that the reputed tranquillizing effect of 
valerian preparations could be totally or primarily due to a peripheral effect (viz. 
spasmolysis) rather than to a real central effect (Grusla eta/., 1986). 

42 

A phannacological review about extracts and compoWlds of the three 
valerian species used in phytomedicines is given by Reichling et a/. ( 1994 ). 

Adverse effects 

No significant adverse reactions or side effects have been reported as a result of 
normal medication with valerian drugs (Hansel, 1990; Houghton, 1994). The 
same was found in the clinical studies performed with valerian extracts, so far. 
The acute toxicity of valerian preparations is considered to be very low. 
However, studies directed to subchronic and chronic toxicity are still lacking and 
such studies are certainly warranted, especially because valepotriates and their 
degradation products, the baldrinals, may be capable of causing undesired 
effects. In particular when valerian preparations are taken for a longer period of 
time, the absence of chronic risk data should be considered. 

Recently a review of literature data on a number of possible adverse 
effects of valerian and of compoWlds isolated from valerian roots was published 
(Bos eta/., 1997a). Some examples will be given here. 

Willey et a/. ( 1995) treated a young woman with activated charcoal after 
she had ingested about 20 g of valerian roots in a suicide attempt. Her clinical 
course was benign, with no other symptoms than fatigue, abdominal cramping, 
chest tightness, tremor of the hands and feet, lightheadedness and mydriasis. 

V alerenic acid, valeranone, and the essential oil and extracts from 
valerian root have been shown to increase the barbitlll'ate-induced sleeping time 
in mice (Von Eickstedt and Rahman, 1969; Sandor eta/., 1970; Shrivastava and 
Sisodia. 1970; Takamura eta/., 1973; Rucker eta/., 1978; Hendriks eta/., 1985). 
This may indicate that the effect of central nervous depressants is amplified by 
valerian constituents. 

One double-blind study with volunteers has been directed to a possibly 
synergistic effect of the simultaneous consumption of valepotriates and alcohol. 
Oral administration of a mixture of valepotriates (valtrate, acevaltrate and 
didrovaltrate, 200-400 mg) was followed by a dose-dependent increase irJ the 
ability to concentrate. In combination with ethanol an expected reduction of 
efficiency was not observed. V altrate, tested as a separate compound, did not 
influence the height and course of the blood alcohol curves {Mayer and Springer, 
1974). 

Valerian preparations are considered safe for use during pregnancy and 
lactation (Berglund eta/., 1984; Anonymous, 1993a). According to an Australian 

43 



Government Publishing Service publication valerian is placed in category A: 
Drugs 'Which have been taken by a large number of pregnant women and women 
of childbearing age without an increase in the frequency of malformations or 
other direct or indirect harmful effects on the fetus having been observed 
(Anonymous, 1992c). 

V aterian-containing products have at times been associated with 
hepatotoxic reactions but such products contained other herbal ingredients which 
could have been responsible (notably skullcap) (McGregor et al., 1989; Miskelly 
and Goodyer, 1992; Shepherd, 1993). However, mutagenic effects on the liver by 
valepotriates and baldrinals cannot be excluded, as is indicated in the following 
paragraph. 

The valepotriates possess alkylating properties, for which the epoxy 
group is responsible. Cytotoxic properties against in vitro cultured tumour cells 
have been described for valepotriates. The mechanism of the cytostatic action 
was supposed to be based on an interaction of the valepotriates with thiol
containing enzymes (Becker and Chavedej, 1988). The cytotoxic effects of the 
valepotriates on cultured hepatoma cells were counteracted by compounds with 
free SH groups, such as cysteine and glutathione (Keochanthala-Bounthanh et 
a/., 1990). In addition, valepotriates inhibited the synthesis of DNA and proteins 
(Keochanthala-Bounthanh et al., 1993). Cytotoxic properties are also known for 
baldrinals (Bounthanh et al., 1983; Dieckmann, 1988; Keochanthala-Bounthanh 
et al., 1993). 

It is unclear to what extent these toxic effects are relevant for humans 
after ingestion of valepotriate-containing preparations. As already stated, 
valepotriates are hardly absorbed in their original form. In the gastro-intestinal 
tract, baldrinals and possibly polymers are formed from the valepotriates. 
Subsequently, the baldrinals are rapidly glucuronidated in the liver. The 
metabolites that originate at this point, are not mutagenic (Hansel, 1992). 
However, due to the contact of the valepotriates and baldrinals with the stomach 
and intestinal wall, the gastro-intestinal tract and the liver are the primary target 
organs which may be exposed to mutagenic effects (Dieckmann, 1988). This may 
especially be true when valerian preparations are taken over a longer period of 
time, as is done quite often (Hansel, 1990). As yet, there is a lack of long-term 
studies on this subject Therefore, it would be prudent to prefer valerian 
preparations which are devoid of the potentially hazardous valepotriates or 
baldrinals (DeSmet and Vulto, 1988; Hansel, 1992). 
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Chapter2 

ISOLATION AND IDENTIFICATION OF VALERIAN 
COMPOUNDS2 

Introduction 

For analytical purposes it was necessary to isolate sufficient amounts of the 
reference compounds valerenic acid, hydroxyvalerenic acid and acetoxyvalerenic 
acid from the roots and rhizomes of Valeriano officina/is L. s.l., because these 
compounds are not commercially available. 

After several pilot experiments we started an extraction and isolation 
procedure based on the presence of the COOH function in the valerenic acids. 
This makes it possible to separate the acids as their sodium salts from other, 

lipophilic, constituents present in the original (methylene chloride) extract. One 
of these compounds is valerenal, the corresponding aldehyde of valerenic acid. 
This compound was isolated because it may also contribute to the biological 
activity ofvalerian roots (Hendriks eta!., 1981a). 

For the isolation and purification of the compounds we used liquid 
column chromatography (LC), preparative thin-layer chromatography (TLC) and 
gas chromatography (GC); fractions obtained from the chromatographic 
purification steps were monitored by TLC, GC and gas chromatography-mass 
spectrometry (GC-MS). 

A large number of known compounds could be detected in several 
fractions, particularly mono- and sesqui-terpenoids. In addition we isolated a 
number of unknown compounds of which the structure could be elucidated by 

1rus chapter is based on: 
Bos R, Hendriks H, Kloostenrum J, Sipma G (1983) A slructure of faurinone, a 
sesquiterpene ketone isolated from Valeriano officina/is. P_hytochemistry 22, 1505~ 1506. 
Bos R, Hendriks H, Bruins AP, Kloosterman J, Stpma G (1986) Isolation and 
identification of valerenane sesquiterpenoids from Valeriano officina/is. Phytochemistry 
25, 133-135. 
Bos R, Hendriks H, KJoostennao J, Sipma G (1986) Isolation of the sesquiterpene alcohol 
(-)-pacifigorgiol from V aleriana officina/is. Phytochemistry 25, 1234-1235. 
Bos R, Woerdenbag HJ, Hendriks H, Kruizinga WH, Herrema JK, Scheffer JJC (1997) 
Methyl valerenate, a new sesquiterpenoid in the essential oil from WldergroWld parts of 
Valeriano officina/is L. s.l. Z. Naturforsch., 52c, xxx-xxx. 
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means of ultraviolet (UV), infrared {IR), and 1H- and 13C-nuclear magnetic 
resonance (NMR) spectroscopy, and mass spectrometry (MS). 

In the course of these phytochemical investigations it was decided also 
to use the essential oil as starting material for the isolation of some of the 
unknown constituents, facilitating some of the purification steps. 

In this chapter we describe general procedures for the extraction and 
distillation of the plant material, and for the fractionation of the extract and the 
essential oil. More detailed experimental information is given in the separate 
paragraphs concerning the compounds in question. 

General experimental procedures 

Plant material 
A commercial sample of roots and rhizomes of V. officina/is L. s.l. was obtained 
from the V erenigde Nederlandse Kruidencooperatie ua, Elburg, The Netherlands. 
A voucher specimen has been deposited at the Department of Pharmaceutical 
Biology, University Centre for Pharmacy, Groningen, The Netherlands. 

Extraction of the plant material 
Dried, powered roots (30 kg) of Y. officiiUliis were percolated for 3 days with 
about 100 1 of methylene chloride. The extract was concentrated to 3 I and then 
extracted twice with the same volume of an aqueous 2% NaOH solution. The 
combined aqueous layers were acidified with HCl and extracted twice with 2 I of 
petroleum ether-diethyl ether 2:1, giving a solution of the organic acids (solution 
A). The methylene chloride extract remaining after the extraction with the NaOH 
solution, was washed with water until neutral, dried over anhydrous sodium 
sulphate, and concentrated by means of a rotary evaporator. The residue was 
redissolved in 3 I petroleum ether and filtered (solution B). 

Isolation of the essential oil 
Dried roots and rhizomes ( 5 kg) of Y. officiiUliis were submitted to steam 
distillation following the method of Hendriks (1973) and yielded 0.55% (v/w) 
essential oil. This procedure was repeated several times. 
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Fractionation of the essential oil 
The essential oil was divided into fractions with hydrocarbons (mono- and 
sesquiterpenes) and oxygen-containing compounds (e.g. mono- and sesqui
terpenoids) by means of column chromatography over silica gel 60 (60-230 
mesh; Merck, Darmstadt, Germany) with petroleum ether (b.p. <40°C) and 
diethyl ether as eluents, respectively (Hazelhoff eta/., 1979a). 

Gas chromatography ( GC) 
GC analysis was performed on a Packard Instruments 430 gas chromatograph 
under the following conditions: colUDlll, WCOT fused-silica CP-Sil 5 (25 m x 
0.32 mm id., film thickness, 0.25 ~; Cbrompack, Middelburg, The 

Netherlands); oven temperature programme, 60-250°C at 4°C/min; injector 
temperature, 250 oc; detector (FID) temperature, 300 °C; carrier gas, nitrogen; 

inlet pressure, 5 psi; split ratio 50: l; injected volume, 1.0 J..ll ; and on a Hewlett
Packard 5890 Series IT gas chromatograph equipped with a 7673 injector and a 
Hewlett Packard 3365 Series IT Chemstation, under the following conditions: 
colUDlll, WCOT fused-silica CP-Sil 5 CB (25 m x 0.32 mm i.d., film thickness, 
0.25 J.!ID; Chrompack); oven temperature programme. 50-290°C at 4°C/min; 
injector and detector (FID) temperatures as above; carrier gas, nitrogen; inlet 
pressure, 5 psi; Linear gas velocity. 26 cmls; split ratio, 56:1 ; injected volume, 1.0 
J..ll (for analysis of compound 29). 

Gas chromatography-mass spectrometry 
GC-MS (EI) was performed on a Finnigan 9500/3300/6110 GC-MS 
computerized system, modefied for negative ion operation (Bruins, 1983). The 
GC conditions were: colUDlll, WCOT fused-silica CP-Sil 5 (25 m x 0.25 rnrn i.d ., 
film thickness, 0.25 f.!m; Chrompack); oven temperature programme, 60-300°C at 
6°C/min; injector temperature, 250°C; carrier gas. helium; inlet pressure, 5 psi; 
flow rate, 1.5 ml/min; linear gas velocity, 30 cm/s; split ratio, 12: l. MS 
conditions: ionization energy, 70 eV; ion source temperature, 185°C; interface 
temperature, 290°C; scan speed, 1 scan/s; mass range, 34-500 u. The reactant gas 
mixture for negative ion chemical ionization (NICI) was ca C~-N20, 1: I (Smit 
and Field, 1977; Bruins, 1983). 

Preparative gas chromatography 
F & M 700 and F & M 720 gas chromatographs with, katharometer detectors 
were used under the following conditions: 
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-Column 1, 3% OV-1 on Chromosorb W-HP, 80-100 mesh (stainless steel, 2m x 

2 em i.d); oven temperature, 200°C; injector and detector temperatures, 250°C; 
carrier gas, helium; flow rate, 25 ml/min: 
- Column 2, 100/o Carbowax 20M on Chromosorb G-HP, 80-100 mesh (stainless 
steel, 2m x 2.3 em i.d); oven temperature programme, 80-200°C at 4°C/min; 
injector and detector temperatures, 250°C; carrier gas, nitrogen; flow rate, 30 m1 
/min. 

Nuclear magnetic resonance (NMR) spectroscopy 
1
H- (99.55 MHz) and 

13
C-NMR (25.0 MHz) data of the components 11-17 were 

recorded on a Jeol FX-100 spectrometer. Deuterochloroform was used as 
solvent, with TMS as internal standard. 
1
H- and 

13
C-NMR (APT) data of the components 6-8 and 19 were recorded on a 

Varian-500 Unity spectrometer (500 and 125.72 M.Hz). Chemical shifts are 

denoted in 0-t.mits (ppm) relative to the solvent (COCh) and converted to the 
TMS scale. The splitting patterns are designated as follows: s (singlet), d 
(doublet), dd (double doublet), t (triplet), q (quartet), m (multiplet) and br 

(broad). Chemical shifts (in ppm) are positive in lowfield direction. When 
references are made towards the text, designation follows (multiplicity, signal 
form, number of protons, nmnber in the text). 

Before measuring the 2D spectra, the exact 90° pulse width was 
determined. The shift-conelated 2D NMR (COSY), incoherence transfer 
(NOESY) and C-H correlation by polarization transfer (HETCOR) spectra were 
recorded using standard Varian microprogrammes. 

Thin-layer chromatography (TLC) 
Silica gel plates (20 x 20 em, 0.25 mm, Gl500 LS 254, Schleicher & Schiill, 
Dassel, Germany) were used for monitoring the fractions. Preparative silica gel 
plates (20 x 20 em, 1 mm, G 1510 LS 254 (Schleicher & SchUll) were used for 
the isolation of several compounds. 

Optical rotation 
Optical rotation was measured on a Perkin-Elmer 241 polarimeter. 
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Ultraviolet and Infrared ( UV and IR) spectroscopy 
UV and IR. spectra were obtained with a Spectroflex m (Pharmacia) 
spectrophotometer and an A TI Manson Genesis Series FfiR spectrometer. 
respectively. 

Isolation of cyclopentane sesquiterpenoids 

Isolation of valerenic, hydroxyvalerenic and acetoxyva/erenic acids 
After evaporation of the petroleum ether-diethyl ether mixture, solution A 
yielded about 500 g of a residue which was redissolved in 1 l of petroleum ether 

and stored at -20°C for 24 h. The precipitate collected by filtration contained 
ferulic, valerenic and hydroxyvalerenic acids. This precipitate was submitted to 
column chromatography (silica gel 60, 40 x 4 em) using petroleum ether-diethyl 
ether mixtures from 10% up to 100% diethyl ether in 10% steps. The 20% 
diethyl ether fraction contained valerenic acid, while ferulic acid and 
hydroxyvalerenic acid were obtained after elution with I 00% diethyl ether. The 
latter compounds were isolated by preparative TLC (petroleum ether-diethyl 
ether 2:8). Acetoxyvalerenic acid was obtained by preparative TLC of the 
remaining petroleum ether solution using petroleum ether-diethyl ether 6:4. 

Isolation of valerena/, valerenol and some valerenyl esters 
After evaporation of the solvent from solution B, 500 g of a residue containing 
the terpenoid compounds were obtained. The residue was diluted with 500 mJ of 
petroleum ether and transferred onto a silica gel column (125 x 12 em). Column 
chromatography was performed using 20 1 of petroleum ether, 50 I of petroleum 
ether- diethyl ether mixtures 99:1 to 90:10 (in 1% steps), 51 of petroleum ether
diethyl ether 3: 1, 5 1 of petroleum ether-diethyl ether l: 1 and 10 1 of diethyl ether. 

Fractions of about 1 I each were collected and, after GC analysis, the 
fractions 26-34 mainly containing the valerenyl esters, were combined, 
concentrated and submitted to EI- and NICI-GC-MS (Smit and Field, 1977; 
Bruins, 1979). Z-V alerenyl acetate and E-/Z-valerenyl isovalerate were isolated 
by means of preparative TLC (petroleum ether-diethyl ether 8:2) followed by 
preparative GC, using column 1. The fractions 36-39 mainly contained valerenal 
and valerenol. These components were isolated by preparative GC, using column 

l. 
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Isolation of faurinone 
About 1 g essential oil was divided into several fractions by column 
chromatography over silica ge160 (1m x 4 em) using petroleum ether containing 
an increasing percentage of diethyi ether (0-1000/o). The eluated fraction 98:2 
(115 mg) contained valeranone (55.6%), valerenal (20.0%), a munber of 
valerenyl esters (9.6%) and a sesquiterpene ketone, C,sH~ (10.4%). This 
ketone was isolated by preparative GC, using column 2. The last procedure was 
repeated several times to obtain about 150 mg of the ketone. 

The spectral data, IR, 1H-NMR and mass spectra, were identical with 
those of faurinone (22a), first reported by Hikino eta/. ( 1968). However, the 13C
NMR spectrum of our isolated compound revealed the presence of only one 
quaternary carbon atom, which was not in accordance with structure 22a. 

Synthesis and isolation of faurinol isomers 
A sample of 110 mg faurinone in 0.5 ml of dry diethyl ether was added to 10 mg 
L~ in 1 ml of dry diethyl ether. After 10 min, a few drops of ethyl acetate 
and 5 ml water were added to the solution, which was poured into 10 ml of 
H2S04 [2%]. After extraction with diethyl ether (3 x 10 ml) and drying over 
anhydrous sodium sulphate, 73 mg of faurinol isomers were obtained. The two 
isomers were separated by preparative TLC with petroleum ether-diethyl ether 
7 :3 as mobile phase. 

Isolation of paci.figorgiol 
A sesquiterpene alcohol was isolated from the fractions 41-45 that were obtained 
by fractionation of the residue from solution B, as described above; it proved to 
be a tertiary alcohol with a molecular formula C1sH260. The percentage of this 

compound in the essential oils of different V. officina/is strains varied from 0.7% 
to 8.6%. 

Low-pressure column chromatography using silica gel 60 (125 x 4 em) 
and a petroleum ether-diethyl ether mixture 6:4 gave about 250 mg of an 
amorphous substance. Preparative TLC (petroleum ether-diethyl ether 5:5) 
yielded 175 mg of pure pacifigorgiol. 

Synthesis of methyl valerenate 
Valerenic acid, 2.1 mmol, was dissolved in 10 ml of diethyl ether and treated 
with 27 ml of a solution of diazomethane in diethyl ether (0.76 mmoVml). After 
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evaporation of the solvent and the reagent, 2.0 mmol methyl valerenate was 
obtained as a colourless fluid. 

Identification of cyclopentane sesquiterpenoids 

Valerenic acid (1) 

[a]20
0 : -117.8° (c = 1.64, EtOH); UV (EtOH) A.nax (logs) 218 run (4.232); IR v 

{K.Br, max.) em·' : 3600-2400 (COOH), 1675 (C=O, a ,J3-unsaturated acid), 1630 
(C=C); EI-GC-MS m/z (rel. int. %): 235 [M+lf (12), 234 [Mf (7 1), 189 (34), 
161 (81), 148 (39), 147 (41), 133 (75), 122 (79), 121 (38), 119 (42), 117 (30), 
107 (96), 105 (82), 95 (39), 93 (52), 91 (100), 81 (36), 79 (54), 77 (51), 55 (46), 

41 (69), 39 (34); 1H-NMR: o 7.18 (dq, 2111,F 9.7 Hz, 4111,13= 1.5 Hz, lH, H
3
-ll), 

3.55 (dd, 315,11= 9.7 Hz, 415,6= 4.7 Hz, 1H, H-5), 2.95 (m, lH, H-9), 2.20 (bt, 12.1= 
7. 7Hz, 2H, H-2), 1.99 (m, lH, H-8), 1.89 ( d, 4111.13= 1.5 Hz, 3H, H-1 3), 1.86 (m, 
2H, H-7), 1.82 (m, 2H, H-1), 1.78 (m, 2H, H-6), 1.64 (t, 4110.2= 0.9 Hz, 3H, H-1 0), 
1.56 (m, 2H, H-1), 1.42 (m, 2H, H-7), 1.39 (m, 2H, H-6), 0.79 (d, 

3
J1s.s= 7.0 Hz, 

3H, H-15); 13C-NMR: 8 174.4 (C=O, C-14), 146.2 (CH, C-11), 133.0 (C, C-4), 
131.1 (C, C-3), 125.1 (C, C-12), 47.2 (CH, C-9), 37.2 (CH2, C-2), 34.4 (CH, C-
5), 32.8 (CH, C-8), 28.5 (CH2, C-7), 25. 1 (CH2, C-6), 24.3 (CH2, C-1), 13.3 (CH3, 
C-13), 11.8 (CH3, C-15), 11.7 (CH3, C-1 0). 

Hydroxyvalerenic acid (2) 
[a]20

0 : -98.4° (c = 0.63, EtOH); UV (EtOH) A.nax (logs) 212 nm (4.305); IR v 

(K.Br, max) em·': 3600-2400 (COOH), 3340 (OH), 1676 (C=O, a,J3-unsaturated 
acid), 1635 (C=C); El-MS (direct inlet) m/z (rel. int. %): 250 [M]+ (8), 232 (60), 
187 (30), 161 (55), 159 (47), 145 (40), 131 (41 ), 120 (53), 119 (42). 109 (34), 
107 (43), 105 (69), 95 (3 1), 93 (42), 91 (76), 81 (35), 79 (50), 77 (53), 69 (32), 

55 (67), 53 (35), 43 (65), 41 (100), 39 (44); 1H-NMR: 0 7.12 (dq, 
3
Jll.s= 9.7 Hz, 

411113= 1.3 Hz, lH, H-11), 4.17 (dt, 311.2= 7.0 Hz, 311,2= 2.3 Hz, 311.9= 2.3 Hz, IH, 
H-i), 3.54 (dd, 315,11= 9.5 Hz, 

41s,6= 4.9 Hz, IH, H-5), 2.76 (m, 1H, H-9), 2.57 
(dd, 2hr 17.1 Hz, 3h 1=7.0 Hz, lH, H-2), 2.23 {m, 1H, H-8), 2.18 (d, 2J2f 17.1 
Hz, 1H, H-2), 1.88 (m, 2H, H-7), 1.87 (d, 4113, 11= 1.2 Hz, 3H, H-13), 1.75 (m, 2H, 
H-6), 1.66 (d, 4J10,r 0.9 Hz, 3H, H-10), 1.44 (m, 2H, H-7), 1.41 (m, 2H, H-6), 

0.73 (d, 311s.r 6.7 Hz, 3H, H-15); 13C-NMR: 8 172.8 (C=O, C-14), 144.8 (CH, C-
11), 131.4 (C, C-4), 128.4 (C, C-3), 125.7 (C, C-12), 73.2 (CH, C-1), 57.4 (CH, 
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2 

13 

••COOH 

1 Valerenic acid 
R=H 

l Hydroxyvalerenic acid 
R=OH 

3 Acetoxyvalerenic acid 
R=OCOCH3 

C-9), 47.6 (CH2, C-2), 34.2 (CH, C-5), 31.3 (CH, C-8), 28.4 (CH2, C-7), 25.4 
(CH2, C-6), 13.3 (CH3, C-10), 12.7 (CH3, C-15), 12.0 (CH3, C-13). 

Acetoxyvalerenic acid (3) 

[a.]20
0 : -36.7° (c = 1.15, EtOH); UV (EtOH) Au- (log£) 217 om (4.184); IR v 

(CCI., max) em·': 3500-2400 (COOH), 1735 (C=O, acetate), 1692 (C=O, a.,J3-
unsaturated acid), 1635 (C=C); El-MS (direct inlet) mlz (rei. int. %): 292 [M]+ 
(0), 232 (58), 159 (31), 120 (100), 105 (36), 79 (45), 43 (57); 1H-NMR; o 7.07 (d, 
3J 11.s= 9.7 Hz. 1H, H-11), 4.98 (dt, 3J 1,r= 7.6 Hz, 3J1.2= 2.2 Hz, 3J1,r 2.2 Hz, 1H, 
H-1), 3.51 (dd, 315,11= 9.5 Hz, 4ls,? 4.7 Hz, 1H, H-5), 2.81 (m, lH, H-9), 2.58 
(dd, 3hz= 17.6 Hz, 3h 1 = 2.2 Hz, 1H, H-2), 2.22 (m, 1H, H-8), 2.18 (d, 3hz= 17.6 
Hz, lH, H-2), 1.97 (s, 3H, Ac), 1.84 (s, 3H, H-13), 1.80 (m, 2H, H-7), 1.71 (m, 
2H, H-6), 1.61 (d, 4J10,t= 0.8 Hz, 3H, H-10), 1.38 (m, 2H, H-7), 1.36 (m, 2H, H-

6), 0.74 (d, 3115 • .= 6.9 Hz, 3H, H-15); 13C-NMR: o 173.4 (C=O), 171.1 (C=O), 
144.6 (CH, C-11), 131.4 (C, C-4), U8.3 (C, C-3), 125.7 (C, C-12), 75.5 (CH, C-
1), 54.4 (CH, C-9), 44.3 (CH2, C-2), 34.1 (CH, C-5), 30.9 (CH, C-8), 28.2 (CH2, 
C-7), 25.2 (CH2, C-6), 21.1 (CHJ, Ac), 13.0 (CH3, C-10), 12.5 (CH3, C-15) 11.8 
(CH3, C-13). 

Valerenal (14) 

IR v (neat, max) em·•: 2702 (aldehyde), 1695 and 1685 (C=O, a.,J3-tmSaturated 

aldehyde), 1638 (C=C), 832 (trisubstituted C=C); EI-GC-MS m/z (rei. int. %): 
218 [Mt (35), 203 (60), 189 (32), 185 (71), 175 (96), 161 (57), 147 (63), 145 
(30), 133 (44), 121 (33), 119 (38), 107 (55), 105 (74), 95 (31), 93 (50), 91 (100), 

81 (37), 79 (68), 77 (57), 55 (53), 53 (31), 43 (30), 41 (79), 39 (40); 1H-NMR: o 
9.37 (s, lll, H-14), 6.73 (dq, J = 9.4 Hz, 1H, H-6 (d), J = 1.3 Hz (q)}, 3.71 (dm, J 
= 9.4 Hz, lH, H-5 (d)), 2.94 (m, lH, H-9), 1.79 (d, J == 1.3 Hz, 3H, H-13), 1.65 

(m, 3H, H-10), 0.81 (d, J = 6.8 Hz, 3H, H-15); 13C-NMR; o 195.5 (CH, C-14), 
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155.7 (CH, C-11), 137.3 (C, C-12), 132.5, 131.8, 47.4 (CH, C-9), 37.3 (CH2, C-
2}, 34.6 (CH, C-5), 32.9 (CH, C-8), 28.7, 25.3, 24.4. 13.4, 11.9, 9.1 (CH3, C-13~. 
The 'H- and 13C-NMR data were identical with the spectral data of synthetlc 

valerenal (Baudouy et al. , 1983). 

Valereno/ (15) 
IR v (neat, max) em·': 3320 (OH}, 1008 (C-0, a.,J3-unsaturated primary alcohol); 
EI-GC-MS m!z (rel. int. %): 221 (M+tr (11), 220 [M]+ (65), 189 (85), 187 (44), 

147 (57), 145 (48), 133 (45), 131 (33), 121 (41), 119 (61), 107 (91), 105 (93), 95 
(57), 93 (62), 91 (100), 81 (57), 79 (65), 77 (53), 55 (66), 53 (30), 43 (63), 41 

(78); 'H-NMR: o 5.73 (d, J = 9.4 Hz, IH, H-11), 3.99 (s, 2H, H-14), 3.4 (br d, J = 
9.4 Hz, lH, H-5), 2.9 (br s, lH, H-9), 2.19 (t, J = 7.2 Hz_ 2H), 1.72 (d, 1 = 0.7 1~, 
3H, H-13), 1.63 (d, J = 0.7 Hz, 3H, H-15), 0.76 (d, J = 6.8 Hz, 3H, H-10); C
NMR:o 135.2 (C,C-12), 133.1, 129.1. 127.6 (CH,C-11),69.2 (CH2, C-14), 47.4 
(CH, C-9), 37.5 (CH2, C-2), 33.4 (CH, C-5), 33.2 (CH, C-8), 28.7, 26.2, 24.6, 

13.7 (CH3, C-13), 13.4, 12.1. 

Z-Va/ereny/ acetate (16b) 
IR v (neat, max) em·•: 1740 (C=O. acetate). 1235 (C-0, acetate): EI-GC-MS mf= 
(rel. int. %): 262 [M)+ (0), 202 (43}, 187 (88), 160 (5 1), 147 (31), 145 (65), 131 
(43), 119(33), 107(52), 105(58), 91 (5 1), 79 (3 1), 55 (36), 43(100), 41 (37), 39 

(34); NICI-MS: 261 [M-tr (58), 201 (21), 59 (100); 
1
H-NMR: o 5.72 (br d, J- 9 

Hz, 1H, H-11), 4.64 (s, 2H, H-13), 3.48 (br d, J - 9Hz), 2.9 (br s, HI), 2.06 (s, 
3H, Me-acetate), 1.75 (d, J = 1.2 Hz, 3H, H-14), 1.62 (dt, J = 1.8 Hz (d), 1 = 1.0 

Hz, (t), 3H), 0.75 (d, J = 6.8 Hz, 3H); trace of the £-isomer, with a signal at S 4.4 

(2H, H-14); 13C-NMR: no off-resonance. spectrum. was run. as ?nly ~ ~all 
sample was available; in the methyl reg10n there 1s a posstble unpunty, the 

intensity of the carbonyl signal was too low to be observed: o 134.9, 132.3, 
129.6, 128.4, 63.2, 47.4, 37.6, 33.4, 29.7, 29.4, 28.7, 27.0, 24.7, 21.7, 21.4, 20.9, 

13.2, 12.1. 

E-Valerenyl isovalerate (17a) 
IR v (neat, max) em·•: 1740 (C=O, ester), 1183 (C-O, ester); EI-GC-MS m/; (rei. 
int. %): 304 [M]+ (0), 202 (59), 187 (100), 160 (52), 145 (54), 131 (37). 105 (~0), 
91 (34), 57 (57), 41 (52); NICI-MS: 303 [M-lr (5 1), 201 (26), 101 (100); H-
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IS 14 Valerenal . . 
R=CHO . . 

15 Valerenol 
2 R = CH20H 

16a E-Valereoyl acetate 

13 R = CH20COCH1 
17a E-Valereoyl isovalerate 

R = CH20COCH2CH(CH3)2 
18 Valerenyl valerate 

1• R R = CH20<X>(CH:zhCH1 
19 Valerenyl bexanoate 

R = CH20COCsH11 

IS . 
I 
I 
I 

2 16b Z-Valerenyl acetate 
R = CH20COCH1 

17b Z-V alerenyl isovalerate 
R = CH20COCH2CH(CH3)2 

14 

NMR: b 5.76 (dq, J = "9.1 Hz (d), J = 1.3 Hz {q), 1H, H-11), 4.46 (s, 2H, H-14), 
3.40 (br d, 1H), 2.84 (br s, lH), 1.70 (d, J = 1.3 Hz, 3H, H-13), 1.63 (d, J = 0.7 
Hz, 3H), 0.96 ( d, J = 6.6 Hz, 6H), 0. 76 ( d, J = 6.8 Hz, 3H); 13C-NMR: b 172.6 {C, 
C-1 '), 135.0 (C, C-12), 131.0 (CH, C-11), 129.3, 128.6, 70.0 (CH2, C-14), 47.5 
(CH, C-9), 43.6 (CH2, C-2'), 37.5 (CHz, C-2), 33.5 (CH, C-5/C-8), 33.4 (CH, C-
8/C-5), 28.8, 262, 25.8 (CH, C-3'), 24.7, 22.4 (CH3, C-4', C-5'), 13.9 (CH3, C-
13), 13.3 (CH3, C-10), 12.1 (CH3, C-15); in the mixture of E- and Z-valerenyl 
isovalerate additional signals for Z-valerenyl isovalerate (17b) at b 4.64 (s, 2H, 
H-13; 1H-NMR) and 63.0 (CH2, C-13; 13C-NMR) for the -CH20- group. 

Valereny/ valerate (18; two isomers) 
EI-GC-MS mlz (rel. int. %): 304 [M]+ (0), 202 (81), 187 (38), 161 {71), 160 (48), 
147 (31), 145 (88), 123 (62), 119 (43), 108 (38), 107 (39), 105 (96), 95 (38), 93 
(48), 91 (65), 85 (58), 79 (43), 57 (100), 55 (45), 43 (32), 41 (91); NICI-MS: 303 
[M-IJ (41), 201 (15), 101 (100). 
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Valereny/ hexanoate (19; two isomers) 
EI-GC-MS mlz (rei. int. %): 318 [M]+ (0), 202 (69), 187 ( 100), 160 (38), 145 
( 48), 43 ( 48), 41 (36); NICI-MS: 317 [M-1 ]" (35), 201 (55), 115 ( 100). 

Faurinone (22) 
'H-NMR and MS data were in agreement with the data reported by Hi.kino et a/. 

(1968). IR v (neat, max) cm·1: 1710 (C=O), 1454, 1366, 1353, 1295, 1289, 1268, 
1231, 1191, 1172, 1154, 1083, 1052, 1030, 984, 958, 918, 895, 878, 862, 843, 
821, 795, 772, 581, 469; 13C-NMR: 8 211.8 (C, C-14), 50.9 (CH, C-4), 49.3 (CH, 
C-5), 47.3 (CH, C-6), 41.6 (C, C-9), 36.6 (CH3, C-10), 32.4, 30.8 , 29.2 (CH3, C-
15), 29.0 (CH, C-11), 26.5, 23.0 (CH3, C-13), 22.2 (CH3, C-12), 21.4. 

Faurino/-1 (one isomer of structure 22b) 
IR v (CC4, max) cm·1: 3625 and 3500 (OH), 1470, 1460, 1385, 1370, 1310, 
1240, 1168, 1129, 1115, 1089, 1037,1024, 996.964, 939, 911, 893, 877, 618; 
EI-GC-MS m!z (rei. int. %): 224 [M]+ (0), 206 (35), 163 (67), 123 (100), 109 
(35), 95 (45), 81 (35); 1H-NMR: 8 4.06 (br q, J = 6.4 Hz, 1H, H-14), 1.17 (d, J = 
6.3 Hz, 3H, H-15), 1.04 (s, 3H, H-10), 0.99 (d, J = 6.1 Hz, 3H, H-12), 0.87 (d, J = 

6.1 Hz, 3H, H-13); 13C-NMR: 8 68.0 (C, C-14), 52.4 (CH. C-6), 46.8 (CH, C-4), 
42.2 (C, C-9), 40.3 (CH, C-5), 37.7, 34.0, 33.5 (CH), C-10), 29.1 (CH, C-11), 
27.3, 23.7 (CH3, C-13), 22.7 (CH3, C-12), 22.6, 21.8 (CHJ, C-15), 20.6. 

Faurino/-2 (the other isomer of structure 22b) 
IR v (CC4, max) cm·1: 3625 and 3460 (OH), 1470, 1460, 1378, 1247, 1170, 
1108, 1089, 1066, 1053, 1 027, 960,942, 910, 89 1 ,873,~36,608;EI-GC-MSm/z 
(rel. int. %): 224 [Mf{O), 163 (60), 123 (100), 95 (34); H-NMR: 8 4.13 (dq, J = 
6.1 Hz, J = 2.8 Hz, lH, H-14), 1.13 (d, J = 6.3 Hz, 3H, H-15), 1.02 (s, 3H, H-10), 
0.88 (d, J = 5.8 Hz, 3H, H-12), 0.87 (d, J = 5.8 Hz, 3H, H-13); 

13
C-NMR: 8 69.0 

(C, C-14), 52.4 (CH, C-6), 47.7 (CH, C-4), 42.3 {C, C-9), 41.4 (CH, C-5), 37.8, 
34.3, 33.6 (CH3, C-10), 29.2 (CH, C-11), 27.4, 23.5 (CH3, C-12/C-13), 22.7, 

20.3, 17.8 (CH3, C-15). 
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12 

: 

~I) 
2la 22 Faurinone 22b Faurinol 

(-)-Pacifigorgio/ (28) 
1
H-NMR: ~ 5.06 (m, J =10.7 Hz (d), 1 = 1.3 Hz(m)), 2.53 (dd, 1 = 4.3 Hz), 1.73 

(d, J = 1.3 Hz, 3H), 1.60 (d, J = 1.3 Hz, 3H), 0.96 (d, 1 = 6.2 Hz, 3H), 0.75 (d, J = 

6.8 Hz, 3H); 
13

C-NMR: o 134.4 (C, C-12), 121 .0 (CH, C-11 ),. 83.9 (COR, C-4), 
49.2 {CH), 47.7 (CH), 34.9 {CH), 34.7 (CH2), 30.3 (CH), 30.2 (CH2), 29.4 (CH2), 
26.3 (C), 24.0 (CH2), 19.5 (C), 19.0 (C), 18.4 (C). There are three additional 
substituents, two methyl groups and a hydroxyl group, so the basic ring system is 
a bicyclononane system. A coupled 13C-NMR spectrum indicated that one of 
these rings was a cyclopentane ring, with two CH2 groups and at least one CH 
group. The 13

C-NMR chemical shifts of the bridge carbon atoms correspond with 
those in a trans-bicyclo-4.3.0-nonane system (Pouet, 1982), with a hydroxyl 
group in one of them. 

. . . . 
HO y 

28 (-)-Pacifigorgiol 

Methyl valerenate (29) 

28a (+)-Pacifigorgiol 28b 

Colourless liquid: [a.) 20
0 : -96.6° (c = 3.08, EtOH); lN {EtOH) A.- (log t) 219 

nm (4.119); IR v,_ (film) em·•: 2928, 2858 (OCH3), 1714, 1642, 1435, 1379 
(COCH3), 1292, 1240, 1208, 1131, 1105, 1061, 840-752 (C=C); EI-GC-MS m/z 
(rel int %): 249 [M+It (13), 248 [MJ (74), 216 (38), 189 (32), 161 (67), 159 
(36), 148 (41), 147 (44), 145 (47), 133 (94), 131 (57), 122 (51), 121 (37), 119 
(56), 117 (33), 112 (37), 107 (83), 105 (100), 93 (41 ), 91 (65), 55 (49), 53 (30), 
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29 Methyl valerenate 

13 

1•COOCH3 

41 (90), 39 (35); CI-GC-MS (Nl-1/): 266 [M+ 18f ( 100), 249 [M+1f (5); 1H

NMR: o 6.99 (dq, 3111,5 = 9.7 Hz, 4111,13 = 1.46 Hz, IH, H-11), 3.70 (s, 3H 
OCH3), 3.51 (dd, 315•11 = 9.7 Hz, 415,6 = 5.0 Hz, 1H, H-5), 2.94 (m, 1H, H-9), 2.17 
(bt 312,1 = 7.6 Hz, 2H, H-2), 1.97 (m, lH, H-8), 1.87 ( d, 4J 11,13 = 1.46 Hz, 3H, H-
13), 1.83 (m, 1H, H-7), 1.80 (m, 2H, H-1), 1.74 (m, IH, H-6), 1.61 (m, 3H, H-
10), 1.52 (m, 2H, H-1), 1.39 (m, 1H, H-6), 1.39 (m, 1H, H-7), 0.76 (d, 3115,8 = 7.0 

Hz, 3H, H-15); 13C-NMR: o 168.9 (C=O, C-14), 143.5 (CH, C- 11 ), 133.2 (C, C-
4), 130.8 (C, C-3), 125.5 (C, C-12), 5 1.4 (CH3, C-16), 47.2 (CH, C-9), 37.2 (CH2. 
C-2), 34.1 (CH, C-5), 32.8 (CH, C-8), 28.5 (CH2, C-7), 25.2 (CH2, C-6), 24.3 
(CH2, C-1), 13.2 (CH3, C-13), 12.1 (CH3, C-15), 11.8 (CH3, C-10). 

Discussion 

Va/erenyl esters 
The valerenyl esters were identified as a pair of acetates and a pair of (iso) 
valerates by negative ion chemical ionization (NICI) mass spectrometry (Smit 
and Fields, 1977; Bruins, 1979). The NICI and EI mass spectra were almost 
identical within each pair. Significant differences, however, were found in their 
1H- and 13C-NMR spectra. In particular, the signals of the isobutenyl part differed 
in the same way as in known spectra of E- and Z-2-substituted unsaturated 
alcohols and their acetates (Bohlmann and Lonitz, 1980; Brunke eta!., 1980; 
Snowden eta/., 1981). In accordance with the combined spectral data we found 
valereno1, E- and Z-valerenyl acetate, E- and Z-valerenyl isovalerate, valerenyl 

Table I. 1H-NMR (99.55 MHz) data for the compounds 15, 16a/b and 17a/b (TMS = 0) 
E 15 16a 17a Z 16b 17b 
=CH-11 5.73 5.76 =CH-11 5.72 
Me--13 1.72 1.70 Me-14 1.75 
CHr14 3.99 4.4 4.46 CHr l3 4.64 4.64 
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Table 2. uC-NMR {25.0 MHz) data for the compounds 15, 16b and 17alb (TMS = 0) 
E 15 17a Z 16b t7b 
C-11 127.6 131.0 C-11 132.2 132.3 
C-12 135.2 135.0 C-12 134.9 
C-13 13.7 13.9 C-14 63.2 63.0 
C-14 69.2 70.0 C-13 21.4 

valerate and valerenyl hexanoate. Characteristic values for the chemical shifts in 

the 
1
H- and 

13
C-NMR spectra of theE- and Z-isomers are given in Tables 1 and 

2. By NICI-MS analysis of the fractions 26-34, we identified two minor 
components as (Z or .E}valerenyl valerate and (Z or .E}valerenyl hexanoate, in 
which the hexanoic acid part may be either linear or branched. During the NICI
GC-MS experiment we observed ferulic acid and bomyl acetate, known 
components of valerian, while three previously unknown constituents were 
tentatively identified, as citronellyl isovalerate ( 44), citronellyl hexanoate and 
methyl citronellate. 

Faurinone 
The results of selective 13C-NMR decoupling experiments and other 1H-NMR 
decoupling experiments with different Eu(fod)J concentrations led us to the 
revised structure 22 for faurinone, i.e. the configuration with an equatorial acetyl 
and an equatorial isopropyl group. The position of the acetyl group in structure 

22a mainly was based on the fact that only three protons were exchanged by 
deute.ration under alkaline conditions (2N NaOD in ~0; Hikino et al., 1968), 
but the exchange of protons of the nucleus, dependent on the configuration, can 
be much hindered or take place only wtder very severe conditions (Thomas and 
Willhalm, 1965). Reduction of faurinone with lithium aluminium hydride gave 
two isomeric alcohols, of wbich the NMR spectra are in agreement with structure 
22b. The alcohols could not be detected in V. officinalis. 

Pacifigorgiol 
From the chemical shifts on addition of increasing amounts of Eu(fod)J together 

with decoopling experiments, the most probable structure for this alcohol was 28. 
A similar compound, (+)-pacifigorgiol (28a) was found in a Pacific gorgonian 
coral Pacifigorgia adamsii (lzac et al., 1982), the structure of which was 
confirmed by 1H-NMR (220 MHz) and X-ray analysis of the oxidation product 

28b. The published spectral data, JR. and NMR. were identical with those of the 
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alcohol from valerian, except for the optical rotation. (+)-Pacifigorgiol isolated 

from the coral has a specific optical rotation [a ]20 
0 + 41° ( c = 1.02, CHCh); the 

alcohol isolated from valerian with an [a]20
0 - 45.3° (c = 0.724, CHCh) will thus 

be (-)-pacifigorgiol. 

Methyl valerenate 
Using GC-MS, we detected an unknown valerenane sesquiterpenoid with a 
molecular weight of248 in the essential oil of several V. officina/is samples (Bos 
era/., l997c). The fragmentation pattern of its mass spectrum was largely similar 
to that of valerenic acid but it showed a clear difference of 14 ml= and a fragment 
of mlz 233 which corresponds with [M-1 r of valerenic acid. This could be 
indicative for an extra methyl group, which was readily lost. In addition, the 
observation that the peak of the component in the gas chomatogram did not show 
tailing, in contrast to valerenic acid, suggested that the methyl group was 
esterified to the acid function. The isolation of the unknown component was 
hampered by its low content, i.e. 0.1-0.2% of the essential oil. Therefore, methyl 

valerenate (29) was synthesized by treating valerenic acid with diazomethane. 
Both the synthesized compound 29 and the unknown component had a 

retention index of 1785 in the gas chromatogram and their mass spectra were 
identical. Thus methyl valerenate is probably a genuine constituent of the 
essential oil from subterranean parts of V. officina/is. Methyl valerenate had 
already been mentioned as an intermediate in the chemical structure 
identification of valerenic acid (Btichi et a/., 1960). 

In the 1H-NMR spectrum of the synthetic methyl valerenate only small 
differences were found in comparison with the spectrum of valerenic acid (Bos et 

a/., 1986b). An additional singlet at o 3.70 clearly indicated the presence of the 

esterified methyl group. The 13C-NMR spectrum of valerenic acid revealed the 
presence of sixteen carbon atoms: eight secondary and quaternary, and eight 
primary and tertiary carbon signals were seen. Compared with valerenic acid, 

methyl valerenate had an additional tertiary carbon atom at o 51.4 (esterified 
methyl) and further differences between the spectra of both compounds were 
small. 

59 



Chapter 3 

ANALYTICAL ASPECTS OF PHYTOTHERAPEUTIC 
VALERIAN PREPARATIONS3 

Introduction 

The roots and rhizomes of the Valeriano species V. officina/is L. s./., V. wallichii 
DC. and V. edulis Nutt. ex Torr. & Gray ssp. procera (H.B.K.) F.G. Meyer are 
used for the preparation of phytomedicines employed as mild sedatives (Bos et 
a!., 1992). It is known from the literature that V. officina/is mainly contains 
valerenic acid and derivatives thereof (0.05-0.9%) as well as valepotriates (0.8-
1.7%) (Hansel and Schulz, 1982; Bos et a/., 1997a), whereas the two other 
species mainly contain valepotriates ( 1.8-3.5% in V. wal/ichii and 8-12% in V. 
edulis) (Wagner, 1980). Therefore, the composition of the corresponding 
phytomedicines largely differs (Steinegger and Hansel. 1992). All three species 
are used for the production of solid, oral dosage forms (film-coated tablets and 
capsules), while from V. officina/is tinctures and a tea are also prepared. For 
quality assurance, standardization of such phytomedicines with respect to one or 
more major compounds is necessary. In addition, mutagenic effects have been 
described for decomposition products of the valepotriates, i.e. the baldrinals 
(Bounthanh eta/., 1981; 1983; Von der Rude .eta/., 1985; 1986; Dieckmann, 
1988; Hansel, 1990; 1992; Keochanthala-Bounthanh et al., 1993) and the 
absence of mutagenic constituents in valerian preparations should be proven. 
Thus a reliable analytical procedure is required by which the major compounds. 
as well as the potentially hazardous products, can be assayed (Bos eta!., 1994). 

Several methods have been described for the analysis of the valepotriates 
and valerenic acid and its derivatives. An overview is given in chapter 1. 

In the present study we investigated several of the HPLC methods and 
optimized one procedure in order to obtain a sensitive on-line HPLC method in 
which valerenic acid and its derivatives, as well as the valepotriates and the 
baldrinals could be detected in both crude plant material and phytomedicines in a 

Ths chapter is based on: 
Bos R, Woerdenbag lU, Hendriks H, Zwaving JH, DeSmet PAGM, Tine! G, Wikstrom 
HV, Scheffer JJC (1996) Analytical aspects of pbytotberapeutic valerian preparations. 
Phytochem. Anal. 1, 143-151. 
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single run. Using this procedure, we analysed different phytotherapeutic 
preparations (coated tablets, capsules, tinctures and a tea) and we studied the 
stability of the major valerian compounds in tinctures and in two solutions with 
different ethanol:water ratios. 

Experimental 

Plant material 

Subterranean parts of V. officina/is were obtained from the V erenigde 
Nederlandse Kruidenco0peratie ua, Elbmg, The Netherlands. 

Reference compowuis 

V alerenic, hydroxyvalerenic and acetoxyvalerenic acids were isolated from V. 
officina/is according to Stoll and Seebeck ( 1957) as described in chapter 2. 
V altrate, isovaltrate, acevaltrate and didrovaltrate were isolated from V. edulis 
and purified as described earlier (Hazelhoff, 1984; Hazelboff et al., 1979b). 
Baldrinal and homobaldri.nal were prepared from valtrate and isovaltrate, 
respectively (Chapter 8). Isovaleroxyhydroxydidrovaltrate (MID) was obtained 
from LA T GmbH Dr. Tittel (Munich). The identity and purity of the referenCI" 
compounds were checked by melting point, IR, 1H-NMR and 13C-NMR 
spectroscopy. HPLC with diode array detection (DAD), and by mass 
spectrometry with positive and negative chemical ionization. As reference 
standards, linear calibration curves were obtained for valerenic acid, 
acetoxyvalerenic acid, valtrate and isovaltrate in the concentration range of 0.05-
0.3 mg/m.l, for didrovaltrate in the concenttation range of 0.01 ~.3 mg/ml, and for 

baldrinal and homobaldrinal in the concentration range of 0.01 ~.14 mglml. All 
solutions of reference compounds were prepared in ethanol. 

Ultrasonic extraction 

Ground plant material (10.0 g, passing through 1 mm mesh sieve) was extracted 
with three portions of 30 ml methanol for 5 min in an ultrasonic bath (Bransonic 
220, Branson Europe BV, Soest, The Netherlands). The extracts were filtered 
into a volumetric flask and the volume was adjusted to 100.0 ml with methanol. 
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Percolation with different ethanol-water mixtw'es 
For each test, 10 g of ground plant material were macerated for I h and then 
percolated with ethanol-water mixtures with ratios (on a v/v basis) of 0: 100, 
10:90, 20:80, 30:70, 40:60, 50:50, 60:40, 70:30, 80:20, 90:10 or I 00:0. The 
percolate (I 00 ml) was collected at a rate of I drop/2 s. 

Phytomedicines 
Several valerian preparations, such as tinctures, capsules and coated tablets, 
available in The Netherlands, were subjected to analysis. Tinctures were 
analysed as such; each capsule was dissolved in 100 ml methanol, and each 
coated tablet in 5 ml methanol. In order to prepare a tea, 3 or 5 g ground plant 
material were extracted with 150 ml boiling water (Wichtl, 1989; Anonymous, 
1990). All samples were filtered through a 45 J.lm DynaGard HPLC filter 
(Microgon Inc., Laguna Hills, CA, USA) before injection into the HPLC 
apparatus. 

Stability study 
The stability of valtrate and isovaltrate, and of their respective decomposition 
products, baldrinal and homobaldrinal, was examined in: (i) a freshly prepared 
valerian tincture (prepared according to DAB 10; Anonymous, 1993b); (ii) a 
valerian tincture devoid of valepotriates and baldrinals to which 1.1 0 mg/ml of a 
mixture of valtrate and isovaltrate was added; (iii) a solution of 1.10 mg/ml of a 
mixture of valtrate and isovaltrate in ethanol; (iv) a solution of 1.00 mg/ml of a 
mixture of valtrate and isovaJtrate in 70% (v/v) ethanol. The freshly prepared 
tincture and the solutions were stored at -20°C (control), 4°C, 20°C and 36°C. 
Samples were taken every day during one month and subsequently subjected to 

HPLC analysis. 

High-performance liquid chromatography 
HPLC was performed using an lsco HPLC pump 2350, an Isco gradient mixer 
2360, an Isco V' absorbance detector (ISCO Inc .• Lincoln, NE, USA), a Kontron 
autosampler 360, a Kontron PC Integration pack (Kontron Instruments SpA, 
Milan, Italy), and a Shimad.zu SPDM6A-Diode Array Detector (Shimadzu 
Europe GmbH, Duisburg, Germany). The chromatographic conditions were: 
analytical column, Superspher 100 RP-18 (5 J.1tn; LiChrocart 250-4); guard 
column, LiChrospher 100 RP-18 (5 J.1m; LiChrocart 4-4) (Merck, Darmstadt, 
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Germany); eluent A, 800 g water+ 156.4 g acetonitrile; eluent B, 200 g water+ 
625.6 g acetonitrile (both eluents contained 1 mM phosphoric acid); elution 
programme, first isocratic at 55% A and 45% B for 5 min, then a linear gradient 
to 1 000/o B in 19 min, followed by 100% B for 2 min, subsequently a linear 
gradient to 55% A and 45% B in 2 min, and finally again 55% A and 45% B for 
5 min; flow rate, 1.5 m.Vmin; start pressure, 22.5 MPa decreasing to 14.5 MPa; 
injected volume, 20 Jil; DAD wave length, 200-600 om; band width. 2 om; 
spectrum absolute scale (mAbs), - 10..500; normalization threshold, 10 m.Abs. 

Results aud discDSSioa 

HPLC analysis 

Figure l shows a characteristic HPLC trace of aiJ reference compounds tested, 
i.e. valerenic acid and two derivatives, three diene valepotriates, two monoene 
valepotriates, and two baldrinals. As can be seen, aiJ compounds are satisfac 
~ 
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Figure 1. HPU:: trace_ of a solution cmtaining the reference compounds valerenic acid (1), 
bydroxyvalerc:mc actd (2), acetoxyvaleceoic acid (3), valtrare (4). isovaltnue (5) 
aoevaJtrate (6), didrovaltrate (7), isovaleroxybydroxydidrovaltrate (8), baJdrinaJ (9) and 
homobaldrinal (10) 
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torily separated, except for valerenic acid and didrovaltrate, and for hydroxy
valerenic acid and baldrinal. These four components can, however, be identified 
by their respective UV maxima. In Table 1, the reference valerian compounds, 
separated with the HPLC system, are listed with their respective retention time, 
capacity factor and UV maximum. 

In Figure 2 the UV spectra of the reference compounds are given; a total 
of four different UV maxima were found: 220-221 om for valerenic acid and its 
derivatives; 255 om for valtrate, isovaltrate and acevaltrate; 200 om for 
didrovaltrate and IVHD; 424 nm for baldrinal and homobaJdrinal. This means 
that the applied HPLC-DAD method is suitable for the on-line analysis of the 
three classes of valerian constituents in a single run, which can be regarded as an 
improvement as compared with previously published analytical procedures, that 
aiJ required more than one run. 

The detection limits of the different components were ca 0.01 mglml. 
The relative standard deviation found for 30 analyses was 0.4 % for valerenic 
acid and hydroxyvalerenic acid, 0.3 % for acetoxyvaleren.ic acid, 0.5 % for 
valtrate, 0.4% for isovaltrate, 0.3% for acevaltrate. 0.6% for didrovaltrate, 0.7 
% for MID, and 0.4 % for baldrinal and homobaldrinal. Compared with earlier 

Table l. Reference valerian compoWlds separated using the on-line HPLC system, with 
their respective retention time, capacity factor and UV maximwn 

CompoWld Retention Capacity 

Baldrinal 
Hydroxyvalerenic acid 
Homobaldrinal 
Acetoxyvalerenic acid 
Acevaltrate 
Valerenicacid 
Diclrovaltrate 
IsovaJeroxyhydroxy-

didrovaltrate 
lsovaltrate 
Valtrate 

time (min) factor (k')1 

5.00 1.99 
5.39 2.21 

11.14 5.60 
11.79 6.02 
19.22 10.44 
20.28 11.07 
20.31 11.09 

21.16 
22.14 
22.92 

11.60 
12.18 
12.64 

UV maxi
mwn(nm) 

424 
220~221 

424 
220-221 
255 
220-221 
200 

200 
255 
255 

1The capacity factor (k~ was calculated using the formula k' = T R-T 0 I To; T R = retention 
time of compmmd (min) and T 0 = retention time of uracil (void time). 
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Figure 2a UV-VIS spectrum of 
valerenic acid and its derivatives (1-3) 
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work (Freytag, 1983), the sensitivity and reproducibility were markedly 
improved. This analytical procedure is suitable for standardization of valerian 
phytomedicines based on their characteristic compounds. 

Since the baldrinals are mutagenic and carcinogenic compounds, it is 
important that these decomposition products are analysed. This is of particular 
importance for crude drugs and for preparations of which no information is 
available as to their origin. In the analytical procedures described in the literature 
so far (Hansel and Schulz, 1982; Freytag, 1983), only valepotriates and valerenic 
acid derivatives were assayed, whilst the baldrinals have not been taken into 
account Thus, the method descnbed here is also an improvement in this respect. 

Extraction of valerian constitu2nts from V. officinalis 
In order to optimize the extraction of the various secondary metabolites in 
question from crude plant material, we compared several solvents and extraction 
procedures. For valerenic acid and its derivatives, ultrasonic extraction with 
methanol or methylene chloride for 5 min resulted in exhaustion of the plant 
material In contrast, ultrasonic extraction for 5 min with acetonitrile, ethyl 
acetate, ethanol and ethanol-water 70:30 did not yield a complete extraction of 
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Figure 2b UV-VIS spectrum of 
didrovaltrate (7) and IVHD (8) 
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UV-VIS spectrum of baldrinal (9) and 
homobaldrinal (10) 

valepotriates and valerenic acid and its derivatives in that period. Good results 
for the valepotriates were obtained via Soxhlet extraction (3 h) with ethanol. 

The cultivation and selection of V. officina/is is based on the essential oil 

content and on the amount of valerenic acid and its derivatives; the species 
contains only relatively low levels of valepotriates (0.5-1 .3%) and valerenic acid 
and its derivatives (0.05-0.9%). Because as many as 250-500 samples may have 
to be analysed in one season for cultivation trials, a fast extraction procedure is 
almost a prerequisite. Ultrasonic extraction (5 min) wi~ methanol is there~ore 
preferred for this species. In addition, unlike extracts Wlth methylene cblonde, 

methanolic extracts can be injected into the HPLC apparatus as such. In contrast, 
for the valepotriate-rich species V. wa/lichii and V. edulis, a Soxhlet extraction (3 

h) with ethanol is needed. 
In Figure 3, the influence of different ethanol:water ratios o~ the 

composition of extracts of V. officina/is is shown. At an ethanol concentranon of 
30% valerenic acid and its derivatives started to be extracted, and at ethanol 
conc~ntrations above 50% the amounts of valerenic acid, hydroxyvalerenic acid 
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Figure 3. Extraction of 1 (• ), l (&), 3 (• ), and 4 and 5 (+ )from Valeriano officina/is 
with different ethanol-water mixtures 

and acetox:yvalerenic acid were more or less constant. V alepotriates were 
extracted only at ethanol concentrations above 700/o. This means that if 70% 
ethanol is used to prepare a valerian tincture, the extraction of the valepotriates 
from the (low valepotriate-containing) plant material is far from complete. In 
view of the potential health risk from the decomposition products of the 
valepotriates, a standard method should be preferred over other, mostly poorly 
descnbed, isolation and processing methods. 

Analysis ofvalerian basedphytomedicines 

The analytical procedure described above was also applied to a number of 
valerian based phytomedicines available on the Dutch market (Table 2). The 
phytomed.icines included valerian tinctures, film-coated tablets, capsules, and 
preparations containing also one or more other plant extracts; in addition, some 
homoeopatb:ic preparations were analysed. All tinctures had been prepared from 
Y. officina/is, according to several phannacopoeias. Film-coated tablets had been 
prepared from V. officinalis and V. wallichii, whereas V. officina/is and V. edulis 
ssp. procera extracts had been used for the preparation of capsules. Apart from 
this variation in crude drugs used to prepare the pbytomed.icines, we found 
discrepancies with respect to standardization and to recommended dosage. In 
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most cases, only capsules were standardized with respect to valepotriates, whilst 
tinctures and film-coated tablets were often not standardized; however, then the 
amount of extract and in several cases the plant species were declared. 
Remarkable differences were found with respect to the recommended maximum 
daily dose, varying from 45 to 180 drops (2-8 ml), from 6 to 12 film-coated 
tablets, and from 3 (27.5 mg/capsule) to 8 capsules (48 mglcapsule); the latter 
corresponds to 82.5-384 mg valepotriates per day based on the manufacturer's 

declaration. 

All preparations were analysed for their contents of valeren.ic acid and its 
derivatives, valepotriates, and baldrinals: the results are listed in Table 2. Only 
valerenic acid and acetoxyvalerenic acid were found in the tinctures, in a tea 
(made from V. officina/is), in several of the film-coated tablets, and in one of the 
capsules analysed This is in agreement with an earlier study (Hansel and Schulz, 
1982), in which hydroxyvaleren.ic acid was not detected in 50 samples of r~ts 
and rhizomes of V. officina/is, the crude material for the preparation of valenan 
tinctures. However, hydroxyvalerenic acid has been detected by others (Stoll and 
Seebeck, 1957; Hansel and Schulz, 1985; Closson eta/., 1992). Schimmer and 
ROder (1992) detected valerenic acid and acetoxyvaleren.ic acid by TLC in 19 out 
of 23 commercial plant drugs, but all three compounds {valerenic, 
hydroxyvalerenic and acetoxyvaleren.ic acids) have been detected in several 
extracts by Hansel and Schulz (1985). We propose that hydroxyvaleren.ic acid is 
found as a decomposition product of acetoxyvalerenic acid when the crude drug 
is stored at a too high humidity. 

Neither valepotriates nor baldrinals were detected in the tinctures, as 
could be expected, or in the film-coated tablets containing valerian extracts. 
Despite the presence of valepotriates in V almane®, no baldrinals were fo~d: 
this may be explained by the finding that more than 80% of the valepotnates 
were present as didrovaltrate, and decomposition of this compound does not 
appear to yield baldrinals (Van Meer eta/., 1977). 

The fact that we did not detect valepotriates in most of the phyto
therapeutic preparations analysed, is in agreement with previous studies 

concerning crude root material as well as phytomedicines. ?~ te~ts ~er 
showed that baldrinals were only present in capsules contammg high lJUtlal 
concentrations of valepotriates. Schild ( 1969) found valepotriates in freshly 
prepared tinctures, but they were no longer detectable after 4 weeks .. Laufer et al. 
( 1970), Van Meer et a/. ( 1977), and Hansel and Schulz ( 1985) did no~ detect 
valepotriates in commercially available Extractum Valerianae as well as mother 
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Table 2a. Valerian phytomedicines (tinctures and tea) available on the Dutch market with their (acetoxy)vaJerenic acid content, 
analysed with the on-line HPLC system described 
Product name' Manufacturer/ Declaration of V AD2 - .. • 

Importer manufacturer (mg/1 00 mJ) -- . . -
Tinctura VaJenanae Uentarma Ph. Ned. VI 25. 1 
VaJeriaan DO Biohonna HAB 1 6.0 
Va1eriaan druppels Dara Phanna Infusum VaJerianae Cone. n.d.5 

uauy aose (max) 
dr 

n.i.4 
150 dr7 

180dr B.P.C. '63 
VaJeriaan tinctuur Tendo-Haco Ned. Pbann. VI 4.4 60 dr 
VaJeriaan Sch 28 PflUger n.i. n.d. 45 dr 
VaJeriana DO VSM HAB 1 16.2 n.i. 
VaJeriana D6 VSM HAB I n.d. n.i. 
Valeriana complex BomiS80 n.i. 2.8 60 dr 
VaJeriana officinalis BomiS80 n.i. 8.8 n .i. 
VaJeriana Similiaplex Pascoe n.i. 1.0 45 dr 
VaJera-H" Lwnen Naturae n.i 6 n.d. 90 dr 
Valeriana DO (1984-1990) Biohorma HAB 1 6.2-20.8 n.i. 
VaJeriana DO (1982-1990) VSM HAB 1 1.9-13.9 n.i. 
VaJerian Tea 3-5 g 3.6-5.3 10.8-15.9 mg/150 mi 1

The o~p of all registered product names and trademartcs of manufacturers of products in this list is acknowtedg~ 2V AD 
~valerenic acid+ acetoxyvalerenic acid); 

3
recommended by manufacturer; 4not indicated; 5not detected(< 1 mglml); 6complex; 

dr = drops. 

Table 2b.Valerian phytomedicines (film-coated tablets, capsules) available on the Dutch market with their respective 
(acetoxy)vaJerenic acid, vaJepotriate and ba1drina1 content analysed with the on-line HPLC system described 
Product name.-- Manufacturer/ Declaration of V AD2 VPTR7 BaJdr1 Daily dose 

Importer manufacturer (mg) (mg) (mg) (max)3 

Calmolan NL-Pharma 0.5 mg valerenic acid 0.55 n.d.s n.d. 3 tablets 
Extr. Valerianae 45 Pharma Chemie 45 mg extractum 0.09 n.d. n.d. 6 tablets 

Extr. Valerianae spis. 
Valeriaan extact 45 
Valeriaan extract 
Valdispert 
Valmane 
Rode Valeriaan 

Valeriana complex 
Valeriana 
capsules 
Valeriaan 

Bional Nachtrust 

Bioform 
Nervex capsules 

Pharma Chemje 
Pharbita 
Pharbita 
KaJj Chemje 
Kali Chemje 
Bional 

Bonusan 
VSM 

Arkopharma 

Bional 

Biofonn 
Roter 

Valerianae spissum 
idem 
idem 
idem 
45 mg valerian extract 
50mg VPTR7 

140 mg extract 
radix Valerianae 
V. officinalis6 

n.i. 

270 mg radix 
V. officina/is 
I 00 mg extract 
radix Valerianae 
27.5 mg valepotriates 
50 mg valepotriates 
(V edulis) 

0.09 
0.11 
0.09 
0.05 
n.d. 
0.10 

n.d. 
n.d. 

2.0 

n.d. 

n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
50.2 
n.d. 

n.d. 
n.d. 

n.d. 

n.d. 

10.6 
46.6 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

n.d. 
n.d. 

n.d. 

n.d. 

0.03 
0.07 

• 4 n.t. 
6 tablets 
6 tablets 
9 tablets 
6 tablets 
n.i. 

12 tablets 
0.1 

6 capsules 

2 capsules 

82.5 mgVPTR 
300mgVPTR 

Sanox capsules Chefaro 48 mg valepotriates n.d. 51.6 0.08 384 mg VPTR 
Natuvit capsules Medicosma 27.5 mg valepotriates n.d. 34.8 n.d 82.5 mg VPTR 
Valeriaan Beiersdorf extract Valerianae6 n.d. 8.3 n.d. 3 capsules 
1The ownersrup of all registered product names and trademarks of manufacturers of products in this list is acknowledged; 
2V AD (valereruc acid+ acetoxyvalerenic acid); 3recommended by manufacturer; 4not indicated; snot detected(< I mg/tablet 
or capsule); 6complex; 7VPTR (valtrate + isovaltrate + acevaltrate); 8Baldr (baldrinal + homobaldrinal). 



phytomedicines. Braun et al. (1986) detected baldrinals in 14 out of 52 
phytomedicines available in Germany using 1LC and HPLC. 

Stability of valerian constituents 
In order to study the stability of the valepotriates and to gain an insight into the 
formation of their decomposition products baldrinal and homobaldrina.J.. samples 
of a freshly prepared valerian tincture from V. officinalis were stored at 4°C, 
20°C and 36°C, and subsequently analysed. Figure 4 shows that the valepotriates 
could no longer be detected after a storage period of 2 weeks at 36°C. After a 
storage period of l-2 weeks at 20°C, only about 36% of the original level of the 
valepotriates was still present, whilst the tincture stored at 4°C still contained 
67% of the original level of the valepotriates after 4 weeks. Despite the rapid 
decomposition of the valepotriates at higher temperatures, the presence of 
baldrinals could not be detected using the .HPLC-DAD. 

In order to investigate to what extent valepotriates are converted into 
baldrinals, a solution of 1.10 mg/ml of valtrate and isovaltrate in ethanol, a 
solution of 1.00 mg/ml of valtrate and isovaltrate in 70% ethanol, as well as 
valepotriate-free and baldrinal-free valerian tinctures to which a mixture 
consisting of valtrate and isovaltrate had been added, were stored at different 
temperatures. In the ethanol solution, decomposition of the valepotriates did not 
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Figure 4. Decomposition of valtrate and isovaltrate in a freshly prepared tincture from 
Valeriano officina/is stored at 4 °C (• ), 20 °C (II). and 36 °C (&) 
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occur, and baldrinals were not found: this solution remained colourless. In 
contrast, in 70% ethanol, the concentration of valepotriates decreased to 30% of 

the original level after 2 weeks at 20°C, and to almost nothing after 3-4 weeks, 
while the baldrinal content rapidly increased from 5% (after 2 weeks) to 85% 
(after 3-4 weeks). This solution rapidly became yellow. The amount ofbaldrinals 
was lower then might be expected from the valepotriate content, and probably 

other artefacts were formed. 
During storage at 36°C, the valepotriate content of the tincture also 

rapidly decreased (Figure 4), but apparently baldrinals were hardly found, as 
mentioned above. A part of the baldrinals may react with other, yet unknown, 
constituents present in a tincture, and this may explain the lack of baldrinals in 
stored tinctures. 

According to some literature, the quality of Tinctura Valerianae may be 
related to the presence of valepotriates or of valerenic acid and its derivatives. 

However, valepotriates showed a temperature-dependent instability and could 
not be detected after a relatively short storage period (Figure 5). Their 
decomposition products bald.rinal and homobald.rinal, that were found in the 
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Figure Sa. HPLC trace of a freshly prepared valerian tincture, at 255 mn (a) and 220 nm 
(b); numbers of peaks are as in Figure 1 
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Figure 5b. HPLC trace of a valerian tincture stored at 200C for 2 weeks, at 255 om (a) and 
220 nm (b); numbers of peaks are as in Figure 1 

ethanolic (70%] solutions, could not be detected in the tinctures. V alerenic acid 
and acetoxyvalerenic acid, in contrast, remained stable. 

Conclusion 

From the present study we conclude that the superior detection by diode array
UV spectrophotometry, combined with the efficiency of modem HPLC 
separation techniques, provides a major contribution to the analysis of valerian 
compounds. Owing to the stability of valerenic acid and acetoxyvalerenic acid, 
standardi7Jltion of valerian based phytomedicines with respect to these 
c,ompounds should be prefeued. From a toxicological viewpoint, the mutagenic 
activity described for baldrinals does not seem to be relevant for valerian 
tinctmes prepared from V. officina/is as well as for a tea made from the same 
species. lt is, however, not known if other decomposition products, that may be 
formed, possess such activity. Water is a prerequisite for the decomposition of 
valepotriates into baldrioals in ethanolic solutions. 

74 

Phytomedicines are complex mixtures of substances, and the crude plant 
material varies largely in its content of the active ingredients. Additional 
alterations of active ingredients may be induced by the manufacturing process. 
Therefore the demands of the manufacturer can only be met by comprehensive 
quality control. This control should include the crude plant material, the 
manufacturing process as well as standardization of the final product (Bauer et 
a/., 1994). We recommend with respect to valerian based phytomedicines that 
not only the identity of the plant material and the extraction procedure should be 
provided, but also the amount of the components present in the preparations by 
which they may be standardized. 

For the sake of uniformity, it is therefore desirable that the note for 
guidance as published in The Rules Governing Medicinal Products in the 
European Community (Anonymous, 1975a) will be implemented in all countries 
where phytomedicines are available on the market. 
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Chapter 4 

THE ESSENTIAL OIL FROM, AND V ALERENIC 
ACID AND V ALEPOTRIA TES IN SUBTERRANEAN 
PARTS OF VALERJANA OFFICINALIS L. S.L. AND 

SEVERAL CLOSELY RELATED TAXA 4 

Introduction 

The roots and rhizomes of Valeriana officina/is L. s.l., family Valerianaceae, 
are used for the preparation of phytomedicines that are employed as mild 
sedatives (Bos eta/., 1994; 1996). The plant, that is included in the European 
Pharmacopoeia, is cultivated as a medicinal plant on a commercial scale in the 
northern part of Europe. V. officina/is is a collective term; hence the addition 
s.l. (sensu /ato). Within the collective species several subspecies are 
distinghuished, that differ from each other cytologically, and by their degree of 
ploidy, their morphology and their area of distribution (Bos eta!., 1994; 1996; 
1997a). In a number of morphologically and karyologically defined types of V. 
officina/is, differences in valepotriate contents and composition as well as in 
the contents of characteristic essential oil compounds have been found (Titz et 
a/., 1982; 1983). 

In the literature some confusion seems to exist regarding the 
subspecies that are part of the collective . species. The following four 
subspecies are generally listed in textbooks: V. officina/is ssp. officina/is L.; V. 
officina/is ssp. col/ina (Wallr.) Nyman; V. officina/is ssp. sambucifolia (Mikan f.) 
Celak; and V. repens Host (synonym V. procurrens Wallr.) (Frohne and Jensen, 
1992; Steinegger and Hansel, 1992; Bruneton, 1995). Additionally, V. exaltala 
Mikan and V. pratensis Steud. are mentioned (Steinegger and Hansel, 1992). The 
subspecies V. officina/is ssp. officina/is is diploid (2n = 14 ); it is a perennial 
herb with a hollow and grooved stem bearing a rosette of leaves at the base, 
and opposite pinnatisect leaves on the stem. The leaves comprise 11-19 
lanceolate folioles, all of the same width. The subspecies is common in damp 

"This chapter is based on: 
Bos R, Woerdenbag HJ, Hendriks H, Scheffer JJC (1997) Composition of the essential 
oils from undergrmmd parts of Valeriano officina/is L. s.l. and several closely related 
taxa. Flavour Fragr. J. 12, 359-370. 
Bos R, Woerdenbag HJ, Hendriks H, Scheffer JJC (1997) Occurrence ofvalerenic acid 
and valepotriates in taxa related to Valeriano officina/is L. s.l. Sci. Pharm. 65, 165-168. 
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woods and meadows, as well as on dry, elevated grounds in Europe and in the 
temperate zones of Asia (Hegnauer, 1973). The three other generally listed 
subspecies have similar morphological characteristics (Weberling, 1970). V. 
officina/is ssp. col/ina (Wallr.) Nyman (2n = 28) has leaves with 15-27 
folioles, all of the same width, and V. officina/is ssp. sambucifolia (Mikan f.) 
Celak (2n = 56; synonym V. excelsa Poir.) has leaves with 5-9 folioles, with 
the apical one clearly larger than the others. V. repens Host (2n = 56) is the 
fourth subspecies (Bruneton, 1995). Often intermediates occur which are even 
common in certain regions; it is therefore not certain how some of the 
described taxa should be accommodated (Weberling, 1970; Ockendon 1976). 

The aim of the present study was to investigate the essential oils 
isolated from the subterranean parts of the different subspecies in order to get 
insight into similarities and differences as to their composition. In order to find 
out whether further similarities or differences exist in the secondary 
metabolites pattern of these species, the plant material was also analysed for 
valerenic acid and valepotriates. For the same reason we investigated the 
essential oil content and composition as well as the valerenic acid and 
valepotriate contents of several taxa that are closely related to V. officina/is L. 
s.l. 

E.xperimeatal 

Plant material 
Seeds of four different subspecies of V. officinal is L. s.l., i.e. V. officina/is ssp. 
officina/is, V. officina/is ssp. col/ina (Wallr.) Nyman, V. officinalis ssp. 
sambucifolia (Mikan f.) Celak and V. repens Host, and of the related taxa 
investigated, i.e. Y. angustifolia Tausch, V. salina Pleijel, V. tuberosa L., V. 
montana L., V. rossica P. Sm.imov, V. phu L., V. pyrenaica L. and V. tripteris 
L., were obtained from several botanical gardens in Europe (Table 1). The 
samples 1 and 38 were already available as dried subterranean material at the 
Department of Pharmaceutical Biology, Groningen; samples 3-7 existed of 
plant material for commercial purposes, the samples 15 and 16 were collected 
in Ramsau am Dachstein (Styre, Austria) at an altitude of 1100 m, and sample 
27 was obtained as dried subterranean plant material from Prof. Dr Teppner 
(Graz, Austria). The seeds, except for the samples 3-7, were germinated at the 
botanical garden of the University of Groningen. Subsequently, the small 
plants were transferred to an experimental field in Elburg. The soil consisted 
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of sand, pH 5.6. The planting distance was 50 x 30 em. Voucher specimens 
have been deposited at the Department of Pharmaceutical Biology, Groningen. 

Isolation procedure 
Each essential oil sample was isolated from 20.0 g of air-dried and freshly 
ground (1 mm) root material by hydrodistillation for 4 h in 300 ml water, 
according to the determination of the essential oil content in vegetable drugs, 
using the apparatus described in the 'Nederlandse Farmacopee', 6th edn, 2nd 
printing (Anonymous, I966b ). Xylene (I 00 J.!l} was used as the collection 
liquid, and the oil samples were stored at -20°C until analysed. The oil 
samples were diluted 50 times with cyclohexane prior to GC and GC-MS 

analysis. 

Gas chromatography 
GC analysis was performed on a Hewlett-Packard 5890 Series II gas 
chromatograph equipped with a 7673 injector and a Hewlett Packard 3365 
Series II Chemstation, under the following conditions: column, WCOT fused
silica CP-Sil 5 CB (25 m x 0.32 mm i.d., film thickness 0.25 1-1m; Chrompack, 
Middelburg, The Netherlands); oven temperature programme, 50-290°C at 
4°C/min; injector temperature, 250°C; detector (FlO) temperature, 300°~; 
carrier gas, nitrogen; inlet pressure, 5 psi; linear gas velocity, 26 cm/s; spht 

ratio, 56: 1; injected volume, 1.0 J.!l. 

Gas chromatography-mass spectrometry 
GC-MS (EI) was performed on a Finnigan 9500/3300/6110 GC-MS 
computerized system. The GC conditions were: column, WCOT fused-silica 
CP-Sil 5 CB (25 m x 0.25 mm i.d., film thickness 0.25 1-1m; Chrompack); oven 
temperature programme, 60-300°C at 6°C/min; injector temperature, 250°C; 
carrier gas, helium; inlet pressure, 5 psi; linear gas velocity, 30 cm/s; split 
ratio, 12:1. MS conditions: ionization energy, 70 eV; ion source temperature, 
185°C; interface temperature, 290°C; scan speed, 1 scanls; mass range, 34-500 
u. The reactant gas mixture for negative ion chemical ionization (N1CI) was 
CH.t-N20, ca 1:1 (Smit and Field, 1977; Bruins, 1983). 

The identity of the components was assigned by comparison of their 
retention indices, relative to C9-C21 n-alkanes, and mass spectra with 
corresponding data of reference compounds and from the literature (Adams, 
1989; Tucker and Maciarello, 1993). The percentages of the components were 
calculated from the GC peak areas, using the normalization method. 
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Table 1. Origin, essential oil yield, and valerenic acid and vaJepotriate contents (calculated on a dry weight basis) of subter
ranean parts of various vaJerian (sub)species 

Sample Plant Origin and number Oil yield 
material' (o/o, v/w) 

Valeriano officina/is L. s.l. 
1 V. officina/is 'polka' Rauscholzhausen [D) 1.55 
2 V. officina/is Unknown Botanical Garden 0.36 
3 V. officina/is - VNK Elburg [NL) 0.69 
4 V. officina/is VNK Elburg (8570) [NL] 0.95 
5 V. officina/is VNK Elburg (8545) [NL] 0.83 
6 V. officina/is VNK Elburg (TS) [NL) 0.22 
7 V. officina/is VNK Elburg (TS) [NL] 0.26 
8 V. officina/is Botanical Garden Jena (1049) [D) 0.44 
9 V. officina/is Botanical Garden Jena ( I 093) [D) 0.3 1 
I 0 V. officina/is Alpengarten Belvedere Vienna 0.34 

II 
12 
13 
14 
15 
16 
17 

18 

V. officina/is 
V. officina/is 
V. officina/is 
V. officina/is 
V. officinalis2 

V. officinalil
V. col/ina 
(WaJlr.) Nyman 
V. col/ina 
(WaJJr.) Nyman 

Table 1. continued 

(9971H10) [A] 
Botanical Garden Poman [PL] 
Unknown Botanical Garden 
Botanical Garden Braunschweig (486) [D] 
Botanical Garden GOttingen [D) 
Ramsau am Dachstein (1988) [A] 
Ramsau am Dachstein (1988) (A] 
Botanical Garden Stuttgart-
Hohenheim (I 113) [D] 
Botanical Garden Stuttgart-
Hohenheim [D] 

0.33 
0.65 
0.73 
1.10 
1.18 
1.23 
0.85 

0.78 

Valerenic 
acid(%) 

n.d. 
0. 13 
0.25 
0.30 
0.38 
0.11 
0.08 
0.03 
0.13 
0.04 

0.07 
0.12 
0. 13 
n.d. 
n.d. 
n.d. 
n.d. 

0.21 

Valepo
triates (%) 

n.d. 
1.08 
0.45 
0.21 
0.1 5 
0.73 
0.88 
0.02 
0.61 
0.12 

0.58 
0.14 
0.08 
0.04 
0.02 
0.02 
0.05 

0.05 

19 V. sambucifolia Botanical Garden Warsaw [PL] 1.24 n.d. n.d. 
20 V. sambucifolia Botanical Garden Heidelberg [D] 1.57 n.d. 0.03 
2 1 V. sambucifolia Mikan F. Botanical Garden Turku 1.13 0.10 0.08 

ssp. sambucifolia ( 438/117, 1988) [FIN] 
22 V. sambucifolia Mikan F. Botanical Garden Turku 0.20 0.29 0.15 

ssp. sambucifo/ia (15,117/384, 1988) [FIN] 
23 V. sambucifolia Unknown Botanical Garden ( 216/90) 0.45 n.d. 0.59 
24 V. sambucifolia Botanical Garden Poznan (1944) [PL] 0.19 0.08 0.98 
25 V. sambucifolia Botanical Garden Budapest (147) [H) 0.21 0.02 0.73 
26 V. repens Host Unknown Botanical Garden (787, 147/90) 0.34 0.04 0.34 

Related valerian taxa 
27 V. celtica ssp. norica Prof. Teppner, Graz [A] 0.20 n.d. n.d. 

Vierh. 
28 V. angustifolia Tausch Botanical Garden Warsaw [PL] 1.10 0.04 n.d. 
29 V. salina P1eijel Botanical Garden Leipzig [D] 0.80 0.16 0.10 
30 V. tube rosa L. Botanical Garden Szeged [H) 1.02 0.06 0.10 
31 V. montana L. Botanical Garden Jena [D) 2.20 n.d. 0.02 
32 V. montana L. Botanical Garden Szeged [H) 1.35 0.09 0.12 
33 V. rossica P. Smimov Botanical Garden Leipzig [D] 0.90 0.05 0.10 
34 V.phuL. UnknownBotanicaiGarden(217/90) 0.41 n.d. 0.41 
35 V. phu L. Botanical Garden Ziirich (1017/89)[CH) 0.33 n.d. 0.23 
36 V. pyrenaica L. Botanical Garden ZUrich ( 10 18/89) [CH] 0.35 0.21 0.58 
37 V. tripteris L. Botanical Garden Jena (2944) [D) 0.38 n.d. 0.73 
38 V. exaltata Mikan Unknown Botanical Garden (1987) 1.00 n.d. 0.73 
1Name as received from the botanical garden; 2collected from wild population; n.d. = not detected. 



High-performance liquid chromatography 
Valerenic acid and derivatives, and valepotriates were analysed by HPLC as 
described in chapter 3. 

Results and discussioa 

V. officina/is L. s.l. 
The essential oil yield for the 16 samples of V. officina/is ssp. officina/is 
investigated varied between 0.22% and 1.55% (v/w) calculated on a dry weight 
basis (Table 1, samples 1-16). The well-known component of valerian oil, 
bomyl acetate (30b, 2-36%), was present in all of these samples (Table 2). 
Other components that were found in all oils were nojigiku acetate (31, trace-
0.8%), myrtenyl acetate (32, trace-9%), valerenic acid (0.3-3%) and a tertiary 
sesquiterpene alcohol with a retention index (Rl) of 1597. Other components 
present, but not in all samples, were the monoterpene ester myrtenyl 
isovalerate {32a), the sesquiterpene hydrocarbon eudesma-2,6,8-triene (33), 
and the oxygenated sesquiterpenoids kessane, ( -)-pacifigorgiol, ledol (34), J3-
eudesmol (35), valerianol, valeranone, valerenal, valerenol and a-kessyl 
acetate, as well as two unknown sesquiterpene alcohols with an RI of 1548 and 
1622, respectively. In only one sample (12) a pacifigorgiol isomer (Rl = 1473) 
was detected. 

According to the mass spectra, a kessanyl acetate isomer was detected 
in nine samples of V. officina/is {1-3, 6-8, 10, 11 ,13), together with kessoglycyl 
monoacetate (27alb), that was found in four of the samples (7-10). In the 
samples 5 and 10 faurinone was found Based on a comparison of the mass 
spectra of J3-eudesmol and valerianol, and because of an abundant peak at m/z 
59, it was concluded that also other tertiary sesquiterpene alcohols were 

30 Borneol 
R=OH 

30a Bomyl formate 
R=OOCH 

82 

30b Bomyl acetate 
R =OCOCHl 

30c Bomyl isovalerate 
R = OCOCH2CH(CH3)2 

30d Bomyl bexanoate 
R = OCO(CH2)4CH3 

(Rl = 1568, 1597, 1602, 1622, 1635). In two samples (9 and 10) the yet 
unidentified sesquiterpene alcohol with an RI of 1622 was the main 
component. An unidentified sesquiterpene acetate (Rl = 1746) was present in 
some of the samples. We also found an unknown component (Rl = 1148) with 
a molecular weight of 138. In an earlier report, two unidentified components 
with a molecular weight of 138 were detected in a hydrodistillate from V. 
officina/is flowers (Brunke et a/. , 1992). Possibly these compounds are of a 
comparable nature. Methyl valerenate (Rl = 1785) was. as far as we know. 
found for the first time to be present in the essential oil of V. officina/is 
(samples 2-11). The identity of methyl valerenate was confirmed by synthesis 
using valerenic acid and diazomethane (chapter 2; Bos et a/., 1997f). The 
compound had already been synthesized from valerenic acid in 1965 (Biichi et 
al., 1960; Krepinsky eta/., 1965), but until now it was not reported to occur in 
nature. 

The essential oil content of V. officina/is roots and rhizomes, either 
wild grown or cultivated, has been reported to vary from 0.1% to 2.8% 
(Gildemeister and Hoffmann, 1961 ; Evans, 1989; Steinegger and Hansel, 1992; 
Morazzoni and Bombardelli, 1995). In the monograph for Valerianae radix in 
the European Pharmacopoeia an essential oil content of at least 0.5% is 
required. Both the essential oil content and its composition may strongly differ 
from plant to plant (Hendriks et a/. , 1981 b). Also seasonal variations play a 
role in the essential oil amount (Schaette, 1971; chapter 7). 

The two samples (17 and 18) of the subspecies col/ina yielded 0.78% 
and 0.85% oil (v/w), which was more than the data (about 0.3%) mentioned in 
the literature so far (Lemberkovics eta/., 1977). Bomyl acetate was the main 
component in both samples (22% and 24% respectively) which is in 
accordance with previous findings (Titz et a/., 1983). Myrtenyl acetate, 
kessane, camphene (36) and J3-eudesmol were main components in both 
samples. In sample 18 (-)-pacifigorgiol was present, but not in sample 17. Also 

_f:IJ····OCOCH, 

31 Nojigiku acetate 
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tJ)R 
32 Myrtenyl acetate 

R=OCOCH3 
32a Myrtenyl isovalerate 

R = OCOCH2CH(CH3) 2 



the sesquiterpene alcohol with an R1 of 1548 was only present in sample 18. 
The second main component in sample 17 was the sesquiterpene alcohol with 
an R1 of 1622. The sesquiterpene acetate (RI=l768) was only present in 
sample 17. Another sesquiterpene acetate (RI=1867) was present in sample 18 
in an amount of 14%, but amounted to only 0.2% in sample 17. According to 
the literature, large differences in the composition of the essential oil of V. 
col/ina exist (Titz eta/., 1983; Corsi et al., 1984). 

The valerian subspecies sambucifolia (Table 1, samples 19-25) showed 
a large variation in the yield (0.19-1.57%, v/w) of oil as well as in its 
composition, the literature also saying that large differences in the essential oil 
composition exist within this subspecies (Titz et a/., 1983). Bomyl acetate 
together with valerianol were the main components in all cases. In some of the 
samples other main components were also found, e .g. camphene (2-8%), J3-
eudesmol (2-8%), myrtenyl acetate (0.2-7%), kessane (0.7-8%) and valeranone 
(0.2-10%). Drimenol (37), which was already identified earlier as oil 
component of V. dioica and V. edulis (Becker, 1984), was found in four 
samples (19, 21-23). A recent investigation of V. officina/is var. sambucifolia 
revealed 58 identified components; the main components were bomyl acetate 
and valerenal (Grlinicher eta/., 1995). The latter compound was found in 

33 Eudesma-2,6,8-triene 34 Ledo1 

OH 

35 13-Eudesmol 36 Camphene 
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concentrations of0.3% to 4% in the samples we analysed. We found valerianol 
as one of the main components (3-34%); valerenic acid was found in relatively 
small amounts in all samples (O.l-5%). 

V. repens oil, yield 0.34% (v/w), contained bornyl acetate, kessane and 
valerianol as the main components. Based on the high kessane content, this 
subspecies seems to be chemotaxonomically closer to the valerian species 
occurring in Japan than to those in Europe (Nishiya et a/., 1992; Oshima eta/ .. 

1995). 

Other va/erian taxa 
The essential oil content of the roots of the related taxa, namely V. celtica ssp. 
norica, V. angustifolia, V. salina, V. tuberosa. V. montana, V. rossica, V. phu. 
V. pyrenaica, V. tripteris and V. exa/tata (samples 27-38), varied from 0.20% 
to 2.20% (v/w), calculated on a dry weight basis (Table 1 ). Bornyl acetate was, 
except in the samples 34-36, the main component with percentages between 

6%and46%. 
From the related Valeriana taxa, V. celtica (Table 3a, sample 27) is the 

best known species (Endlich, 1966; 1973). There are three subspecies, i.e. V. 
celtica ssp. celtica in the Alps, V. celrica ssp. norica in the eastern Alps of 
Austria, and V. celtica ssp. pancicii in the Montenegro area (Weberling er al .. 
1971 ). V. celtica ssp. norica, investigated in this study, is native to the 'Niedere 
Tauem' and to the south side of the 'Hohe Tauem' at an altitude of at least 1800 
m (Weberling, 1970; Weber ling et a/., 1971 ; Bicchi et a/., 1983 ). This 
subspecies has been of economic importance in the region of Styria (Austria) 
for about 2000 years. Since the 15th century, the rhizomes were dug in the 
Alps and traded extensively in Europe for fragrance purposes (Teppner, 1982). 
We found that the main oil components were bomyl acetate, myrtenyl acetate 
and patchouli alcohol. The presence of bomyl acetate and patchouli alcohol is 
in agreement with earlier investigations (Bicchi er a/., 1983; Becker, 1984). 

37 Drimenol 38 y-Patchoulene 
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Table 2. Percentase com~sition of the essential oils isolated from roots and rhizomes of four subsQecies of V. officina/is L. s .I. 
Component Retention Sample 

index• l-16b 17 18 19-25 26 ~ BPd 
Tricyclene 919 tr-0.1 tr tr tr..0.1 tr 136 93 
a-Pinene 926 0.1-2.2 0.4 0.9 0.6-2.7 136 93 
Fenchene 930 0.8 136 93 
Camp bene 937 0.1-6.4 4.3 6.9 1.8-8.1 5.0 136 93 
Sabinene 960 tr..0.1 tr tr-0.9 0.1 136 93 
f)-Pinene 964 tr-0.9 0.3 0.7 0.2-1 .2 0.6 136 93 
13-Myrcene 980 tr-0.1 tr 136 43 
Unknown 989 tr-0.2 0.2 144 101 
a-Phellandrene 993 tr 136 93 
p-Cymene 1008 0.1-1.5 0.1 0.4 0.1-1.1 0.7 134 119 
1,8-Cineole 101 5 tr-0.2 tr 154 43 
f3-Phellandrene 1016 tr-2.4 0.3 0.5 0.1-1.7 0.2 136 93 
Limonene 101 7 0.1 -1.2 0.1-0.5 0.3 136 68 
y-Terpinene 1047 tr-0.2 tr tr-0.2 0.1 136 93 
Terpino1ene 1075 tr-0.1 tr tr 136 93 
Linalo1 1082 tr tr tr- 0.2 tr 154 71 
Menthenal isomer 1098 tr-0.3 0.1 0.1-0.3 0.1 152 94 
Menthenal isomer 1110 tr-0.1 0.1 tr-0.2 152 94 
Camphor 1112 tr-0. 1 tr 152 95 
lsobomeol 1132 tr-0. 1 154 95 
Borneol 1140 0.1-0.6 0.4 0.7 0.2-3.0 0.7 154 95 
C9H,,.0 1148 tr-0.1 138 96 
Terpinen-4-ol 1154 0.1-0.6 0.1 0.3 0.1..0.9 0.2 154 71 
a-Terpineol 1165 tr-0.1 tr tr tr..0.2 tr 152 59 
Myrtenol 1171 0.1-4.0 0.6 0.2 0. 1-1.3 0.6 152 79 
Unknown 1173 0.1 166 135 
cis-Carveol 1174 0. 1-0.2 0.2-0.8 152 84 

Table 2. (continued) 166 135 
Unknown 1183 tr-0.1 
trans-Carveol 1191 tr-0. 1 tr tr-0.3 tr 152 84 
Cwnin aldehyde 1203 tr-0.1 148 133 
Thymol methyl ether 1207 tr-0.4 tr 0.3 tr-0.6 tr 164 149 
Carvacrol methyl ether 1211 0.1-0.2 0.1 0.1 0.1-0.2 0.4 164 149 
Thymol methyl ether isomer 1216 0.1-0.2 0.1 0.1 tr-0.2 0.2 164 149 
Carvacrol methyl ether isomer 1222 tr-0.2 tr tr 164 149 
Geraniol 1233 tr 154 69 
Linalyl acetate 1239 0.1 196 93 
Bornyl acetate 1264 2.3-35.5 23.5 22.2 4.3-25.1 12.7 196 95 
C12H2o0

2 
1268 tr-0.1 196 121 

Nojigiku acetate 1272 tr-0.8 0.6 0.6 0.1-1 .6 0.3 194 I 07 
Unknown 1286 tr-0.2 162 162 
Thymol 1290 0.1 150 135 
Myrtenyl acetate 1299 tr-9.1 5.8 7.9 0.2-7.0 3.9 194 91 
Eugenol 1305 tr-0. I 164 164 
~-Elemene 1326 0.2-2.9 1.3 0.4 0.2-4.4 0.3 204 121 
Citronellyl acetate 1332 tr-0.1 tr tr 198 81 
Cu H24 1340 0.1-0.3 0.5 tr-0.3 0.1 204 93 
a-Ylangene 1357 0.1-0.4 0. 7 tr-0.4 0.1 204 I 05 
cx.-Copaene 1366 tr-0.2 0.1 0.1 tr-0.2 0.1 204 I 05 
2,5-Dimethoxy-p-cymene 1372 tr-0.1 194 179 
C,sH24 1374 tr-1.6 tr 0.1 tr-0.2 0.1 204 147 
f3-Elemene 1379 0. 1-0.4 0.3 0.3 0.1-0. 7 0.1 204 81 
CuH24 1388 0.1 0.1 204 94 
CuH

24 
1394 0.4 204 93 

C,sH24 1395 0. 1-1.9 0.7 1.0 204 82 
2,6-Dimethoxy-p-cymene 1396 0.2-1.4 0.5 0.3 0.2-0.9 0.1 194 179 
C

15
H

24 
1396 0.3-1.3 0.5-2.3 204 I 05 

C
1 5

H
24 

1400 tr-0. 9 0.1 0. 2 0.2-0.3 204 14 7 



Table 2. ~continued} 
Component Retention Sample 

index• l-16b 17 18 19-25 26 ~ BPd 

CISH24 1403 0.1-2.4 0.7 0.6-2.5 204 41 
CuH2A 1404 1.4 204 93 
CuHz• 1407 tr-0.1 204 105 
CuH2• 1418 0. 1-4.7 0.1 0.1-1.6 0.1 204 161 
y-Patchoulene 1423 0.1-0.5 204 122 
CuHz• 1424 0.1 -0.2 204 81 
CISH14 1425 0.1-0.5 0.1 0.3 0.1-0.4 0.2 204 93 
CuH22 1432 tr-0.1 0.1-0.2 202 91 
P-Bisabo1ene 1439 0.2-0.8 204 69 
a-Hwnulene 1440 0.1-0.9 0.7 0.5 0.1-3.6 0.6 204 93 
c,,H2• 1442 tr-2.1 204 41 
Eudesma-2,6,8-trieoe 1443 0.5-7.6 0.5 1.7 0.3-S.9 1.4 204 105 
c,jHz• 1450 0.1-0.2 0.1 0.1-6.S 0.1 204 93 
P-lonone 1454 0. 1-0.7 0.3 0. t-0.3 192 177 
CuH24 1454 0.1-0.4 204 43 
c,~z• 1457 0.3-0.6 204 121 
CuH2• 1457 0.2 204 81 
c,,Hz• 1462 1.6 0.5 204 105 
ar-Curcumene 1464 0.7-2.1 1.4 0.8 0.1-2.1 0.7 202 1 19 
c,,H2• 1464 1.2 204 93 
Gennacrene-0 1465 0.2-1.4 0.6 204 161 
CuH2• 1467 0.1-1.2 204 93 
a-Guaiene 1469 0.1-3.1 204 93 
c,,H2• 1472 0.1-0.5 0.8 0.7 204 161 
Pacifigorgiol isomer 1473 1.0 222 110 
CuHz• 1476 0.5-4.1 204 41 
c.sBl-4 1479 0. 1-4.2 1.0 1.0-1.9 1.3 204 93 
y-Elemene 1482 0.1-0.4 0.1-0.2 204 81 
CuH2• 1486 0. 1-0.6 204 93 

Table 2. ~continued} 
c,,Hz• 1486 0.3 0.3-0.9 204 119 

c.,Hz• 1488 0.2 204 133 

CuHn 1488 0.1 202 159 

c,,H24 1489 0.3-1.1 204 93 

a-Bulnesene 1489 0.4 204 107 

c • .sH2• 1492 0.2-0.6 0.2 0.6 0.2 204 119 

Bomy1 isovalerate 1492 0.5-1.2 0.9 0.4 tr-0.1 0.2 238 95 

c .,H26o 1494 0.6-0.8 0.5-1.2 0.7 222 69 

C.,Hz• 1495 0.2 204 93 

P-Gurjunene 1498 tr- 1.0 1.3 0.4-4.1 0.9 204 122 

Kessane 1507 0.2-3.8 6.3 3.3 0.7-8.2 7.8 222 43 

o-Cadinene 1507 0.1 -0.3 0.1-1.1 204 161 

CuH24 1517 0.1-0.2 204 93 

C,sBuO 1522 4.1-5.4 0.4 222 59 

Pacifigorgiol 1523 0.5-3.2 3.0 0.4-2.5 0.9 222 110 

Faurinone 1526 0.4-0.6 0.3-0.9 222 43 

CuH24 1527 0.3-0.8 0.4 0.5 0.5 204 93 

Myrtenyl isovalerate 1535 1.6-10.5 1.4 1.8 0.5-2.7 3.3 236 91 

C,sBl-4 1535 0.8-4.5 204 121 

Maa1iol 1541 0.1-1.6 0.2-1.2 222 43 

c.s~~lo4o 1548 0.9-6.1 4.9 0.2-2.8 0.8 220 43 

c ,,Hz4o 1552 0.4-1.3 2.3 220 41 

C, ,H260 1555 0.2-4.2 0.8 1.4 0.2-0.7 222 121 

CitroneUyl isovalerate 1558 0.2-2.1 0.1 0.4 0.2-1.4 0.4 240 81 

c.,Hz4o 1561 0.1-0.6 0.2 220 43 

c.,H24o 1565 0.2-1.1 220 69 

CuH260 1565 0.4-0.9 0.6 222 69 

c., H26o 1568 0.6-2.7 1.1 1.3 222 59 

Ledol 1575 0.5-2.1 0.8 1.0 0.3-1.5 1.4 222 43 



Table 2. ~ contlnuedl 
Component Retention Sample 

index• 1-16b 17 18 19-25 26 Me BPd 

CuH240 1578 0. 1-0.5 220 93 
Ct5Ht60 1591 0.3-1.2 222 161 
CuH160 1592 0.2-1.6 0.8 0.6 222 43 

Ctsftt•O 1597 2.2-7.5 4.5 220 119 

Cts8140 1597 1.4-13.8 220 59 

CuH2•0 1597 3.0 2.0 220 161 

CssBuO 1602 0.2-9.7 0.7 222 161 

CtsB160 1602 0.4-5.1 222 121 
Unknown 1605 0.3 -10.9 0.6 252 41 

y-Eudesmol 1605 0.5-0.7 222 161 

13-Eudesmo1 1613 0.6-6.9 3.9 5.1 1.9-8.3 5.5 222 59 

CtsBt,O 1622 14.5-15.3 19.5 222 59 
CsJ!u02 (isovalerate) 1623 0.3-0.4 252 57 
Valertano1 1625 1.5-14.2 1.1 2.6-33.9 19.0 222 161 

CuH260 1626 0.2-2.1 0.9 222 43 
CuH260 1635 0.9-2.3 222 59 
Valera none 1639 0.5-8.2 0.8 0.5 0.2-10.4 1.1 222 98 
Myrtenyl hexanoate 1640 0.1-0.2 0.5 250 91 
Cryptofauronol 1644 0.4-3.9 0.1-2.7 238 41 

CuH260 1645 0.5-1.0 0.6 0.4 tr-0.9 0.6 222 82 
CuH260 1653 0.1-1.2 222 43 
ep/-a-Bisabo1ol 1659 0.5-1.5 0.7 0.5-1.9 0.6 222 69 
C17Hn02 (isovalerate) 1677 0.3-0.9 0.2 0.5 264 57 
Va1ereoal 1688 0.4-12.4 0.5 1.6 0.3-3.8 0.6 218 91 

CuH2•0 1692 0.1 220 43 
CtJi3o02 (isovaJerate) 1693 0.1-0.3 0.1 0.3-3.8 254 51 

Valerenol (cis or trans) 1698 0.3- 1.2 0.2 0.4-1.1 0.4 220 91 

Table 2. (continued) 
Eugenyl isovaJerate 1728 0.1-0.4 0.1-1.9 0.3 248 164 
C 178 280 2 (acetate) 1746 1.3-7.1 0.5 264 75 
Drimeoo1 1750 0.1-0.4 0. 1-4.4 222 109 
C11H2602 (acetate) 1768 0.4-2.6 0.3-0.8 262 43 
C178 280 1 (acetate) 1768 2.2 0.3 264 43 
a-Kessyl acetate 1772 0.1 -12.6 0.3-2. 1 280 43 
cis-Va1erenyl acetate 1777 0.2-0.8 0.4 0.2-0.6 0.3 262 43 
Methyl valerenate 1785 0.1-0.2 248 91 
trans-Valerenyl acetate 1796 0. 1-1.5 0. 1-0.7 262 43 
Isoeugenyl isovaJerate 1814 0.1-l.l 0.3 0.1-0.9 248 164 
Kessanyl acetate 1827 0.1-3.5 0.2 1.4 280 43 
Va1erenicacid 1831 0.3-2.8 0.2 0.2 0.1-4.7 0.1 234 91 
An isovalerate 1850 tr-0.3 57 
C17H210 1 (isovalerate) 1855 0.2-0.6 264 57 
C17H160 1 (acetate) 1867 tr-10.2 0.2 13.8 tr-2.9 0.1 262 43 
C17H320 3 (isovalerate) 1881 tr- 1.1 0.1-1.5 284 57 
Cryptofauronyl acetate 1890 tr-2.9 tr tr-0.9 0.1 280 43 
Methyl palmitate 1908 0.1-0.9 0.1 270 74 
Eugenyl bexanoate 1917 tr-4.9 262 164 
Palmitic acid 1946 0.1-1.9 0.2 0.1-0.3 0.3 256 60 
Kessoglycyl monoacetate 1972 0.1-0. 7 296 43 
cis-Valerenyl isovalerate 1984 tr-0. 7 0.2 tr-0.1 0.1 304 57 
Ethyl palmitate 1986 tr-0.6 284 88 
C20H340 2 (isovalerate) 2004 0.1-1.1 0. 1 306 57 
trans-Valerenyl isovalerate 2024 tr-1.6 tr tr-1. 7 0.4 304 57 
C2oH320z(isovaJerate) 2051 tr-0.7 304 57 

"Retention Index relative to C9-C21 n-alkanes on the CP-Sil 5 column; 6tr - trace (<0.05%);"M - molecular weight; 0BP - base 
peak (100%). 



Also V. phu (Table 3b, samples 34 and 35) is already known for about 
2000 years; it was used for medicinal purposes in the 16th century in the 
southern part of Europe (Weberling, 1970). So far little was known about the 
chemical composition of the essential oil. In the samples we analysed, bomyl 
acetate was only present in small amounts, whereas a sesquiterpene 
hydrocarbon (RI = 1418), y-patchoulene (38), patchouli alcohol, a valerenal 
isomer (RI = 1701) and patchoulyl acetate (20a), together with some unknown 
oxygen-containing sesquiterpenes (RI = 1548, 1564, 1565, 1592, 1674) were 
the main components. Patchouli alcohol has been reported only once as a 
constituent of V. officina/is (Rucker and Tautges, 1976), but it can not be 
excluded that the investigated commercially obtained dry roots and rhizomes in 
that study were from V. phu instead of V. officina/is. In view of the presence of 
patchouli alcohol, V. phu probably belongs to the subclasses to which also V. 
wallichii and V.fauriei belong (Nishiya era/., 1995). 

In V. exaltata (sample 38) the main components were bomyl acetate, 
valeranone, valerenal, a sesquiterpene hydrocarbon (RI = 1445) and two 
sesquiterpene alcohols (Ris = 1548 and 1659). Earlier investigations on V. 
exa/tata showed large differences in the composition of its oil. So far, bomyl 
acetate, an unknown sesquiterpene, valeranone and valerenal had been found 
(Titz eta/., 1983). The published mass spectrum of that unidentified sesqui
terpene shows a great similarity to the spectrum of bomyl isovalerate (30c) 
recorded in our study, while the published mass spectra of two unidentified 
sesquiterpene alcohols (Titz er a/. , 1983) are identical with those of J3-
eudesmol and valerianol. 

Data on the essential oil composition of V. angustifolia, V. salina, V. 
ruberosa. V. montana, V. rossica, V. pyrenaica and V. tripteris could not be 
found in the literature (Table 3). Within these taxa, the largest amount of 
bomyl acetate (46%) was detected in the oil of V. angustifolia (sample 28), and 
the smallest amount in that of V. pyrenaica (sample 36). Valeriano! was 
present in all of these samples. The largest amount of valerianol (20%) was 
found in the oil of V. pyrenaica and the smallest amount was found in one of 
the oils of V. montana. Main unidentified sesquiterpene hydrocarbons were 
found in V. montana (sample 32; RI = 1443), in V. tuberosa (sample 30; RI 
=1445) and in V. rossica (sample 33; RI = 1445). Furthermore, a number of 
unidentified oxygen-containing sesquiterpenes were found in several samples. 

V alerenic acid could be detected in most of the essential oils. but the 
amounts were smaller than the total content in extracts from the subterranean 
plant material as analysed by HPLC. 
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The results of the HPLC analysis are also given in Table I. Valerenic 
acid and its derivatives have been recognized as lead compounds of V. officina/is 
L. s./., and are considered characteristic of this collective species (Steinegger and 
Hansel, 1992). We now show that valerenic acid is also present in other 
Valeriana taxa that, according to the textbooks, do not belong to the collective 
species, namely V. angustifolia, V. montana, V. pyrenaica, V. rossica, V. salina 
and V. tuberosa. In contrast. no valerenic acid could be detected in V. exaltara. 

Valepotriates are known to be present in many Valeriana species, and 
are regarded as characteristic of the entire genus. Here we report the presence 
and content of valepotriates in several species that were not known to contain 
these compounds until now. In the cases that valepotriates could not be detected, 
this may be ascribed to decomposition as valepotriates are known to be labile 
when the plant material has been stored for a longer time. 

Based on the results of the present study, the following conclusions may 
be drawn. If valerenic acid is considered to occur solely in V. officina/is L. s.l .. 
the following taxa should also belong to this collective species, namely V. 
angustifo/ia, V. montana, V. pyrenaica, V. rossica, V. salina and V. tuberosa, 
whereas V. exaltara should not be part of it. On the other hand, it is possible that 
valerenic acid is not unique for the collective species V. officina/is as currently 
defined. In that case, the other species containing valerenic acid are possibly 
closely related taxa. 

93 



Table 3a. Percentage composition of the essential oils isolated from roots and rhizomes of some related valerian taxa 
Component Retention Sample 

index• 27b 28 29 30 31 32 33 ~ BPd 
Tricyclene 919 tr tr 136 93 
a-Pinene 926 0.1 0.1 0.4 1.2 0.7 0.4 0.1 136 93 
Camphene 937 0.3 0.9 3.7 4.0 5.9 3.0 0.2 136 93 
Sabinene 960 tr 0.1 0.1 0.1 tr 136 93 
~-Pinene 964 tr 0.2 0.2 0.5 0.8 0.4 tr 136 93 
~-Myrcene 980 tr 136 43 
p-Cymene 1008 0.1 0.2 0.2 0.2 0.2 tr 134 119 
1,8-Cineole 1015 0.5 tr 154 43 
~-PbeUandrene 1016 0.2 136 93 
Limonene 1017 0.3 0.7 0.7 0.4 tr 136 68 
y-Terpinene 1047 tr tr tr tr 136 93 
Terpinolene 1075 0.1 0. 1 tr 136 93 
Linalo1 1082 tr tr 154 71 
Menlbenal isomer 1098 tr tr tr 0.1 . 152 94 
Camphor 1112 0.2 tr tr 152 95 
Borneol 1140 0.5 1.2 0.4 0.5 0.2 0.2 0.3 154 95 
4fl,.o 1148 tr 138 96 
Terpinen-4-ol 1154 0.2 0.3 0.2 0.2 0.4 154 71 
Myrtenol isomer 1160 0.2 0.2 tr tr 152 79 
a-Terpineol 1165 tr tr tr 152 71 
Myrtenol 1171 0.2 0.5 0.3 0.3 152 79 
cis-Carveol 1174 0.1 152 84 
Thymol methyl ether 1207 tr 0.2 tr 0.1 0.3 164 149 
Carvacrol methyl ether 1211 0.2 0.2 0.3 0.1 0.2 164 149 
Thymol methyl ether isomer 1216 0.1 0.1 0.3 0.2 0.2 164 149 
Carvacrol methyl ether isomer 1222 tr 164 149 
Bornyl acetate 1264 12.1 46.2 13.5 11.7 23.4 19.4 10.1 196 95 
Nojigiku acetate 1272 0.5 0.8 0.6 0.3 0.6 0.6 0.1 194 107 

Table 3a. !continuedl 
Myrtenyl acetate 1299 3.0 5.7 5.8 3.5 9.9 7.5 0.3 194 91 
o-Elemene 1326 0.3 0.5 0.6 1.9 1.6 1.0 1.7 204 121 
Citronellyl acetate 1332 0.3 0.1 198 81 
CISH24 1340 0.2 0.5 0.2 0.1 0.2 0.2 204 93 
a-Ylangene 1357 0.1 204 105 
a-Copaene 1366 tr 0.1 tr 0.1 204 105 
CISH24 1369 tr 0.1 204 105 
2,5-Dimethoxy-p-cymene 1372 0.1 tr 0. 1 194 179 
CISH24 1374 0.1 0.2 0.1 204 105 
~-Elemene 1379 0.2 0.3 0.4 0.2 0.5 204 81 
C1sH2• 1388 tr 204 94 
c,$H2. 1394 0.8 0.4 1.1 204 93 
c,$H2• 1395 0.9 0.5 204 82 
2,6-Dimethoxy-p-cymene 1396 0.9 0.5 194 179 
C,sH2• 1400 0.2 1.5 204 147 
C,sH2• 1404 1.1 1.5 1.6 2.0 204 93 
a-Santalene 1409 0.1 204 94 
c,$H2• 1418 2.6 0.1 0.2 1.3 204 161 
C,sH24 1418 0.1 204 121 
y-Patcboulene 1423 1.7 204 122 
c,$H24 1424 0.2 204 81 
C,sH24 1425 0.3 0.2 0.2 0.3 204 93 
C,sH24 1432 0.3 0.1 tr 0.1 204 69 
C,sH22 1433 0.2 202 91 
C,sH22 1439 0.3 202 91 
a-Humulene 1440 0.3 0.9 0.4 204 93 
C,sH1• 1443 0.2 8.0 204 105 
C,sH24 1444 0.8 0.3 204 69 
C,sB14 1445 1.4 6.4 6.7 204 105 



Table 3a. {continue<Q 
Component Retention Sample 

index• 27b 28 29 30 31 32 33 ~ BP6 

CuH211 1450 0.1 204 93 
CuH2• 1450 0.3 0. 1 0.4 204 91 
P-Ionone 1454 tr 0.3 0.5 0.5 0.6 192 177 
CuH211 1454 0.2 204 43 
ar-Curcumene 1464 0.3 0.6 0.7 IT 2.2 1.3 tr 202 119 
Oennacrene-0 1465 1.8 3.0 204 161 
a.-Guaiene 1469 0.1 204 93 
CuH,. 1471 0.3 0.4 204 69 
CuH,. 1473 0.1 0.2 0.9 204 119 
CuH2• 1473 0.1 0.5 204 105 
Pacifigorgiol isomer 1473 0.4 0.5 222 110 
C15H24 1476 0.3 1.3 204 161 
CuH2• 1479 3.0 1.7 204 93 
CuH211 1479 1.0 2.8 204 161 
CuR,. 1486 0.2 0.5 0.2 0.3 204 93 
a.-Bulnesene 1489 0.4 0.9 0.3 0.3 0.1 0.3 204 107 
CISH24 1492 0.4 0.6 204 119 
Bomyl isovalerate 1492 0.1 0.2 0.1 0.1 0.5 0.4 0.2 238 95 
CuHz60 1494 0.2 0.6 0.3 0.5 1.0 0.3 222 69 
CuH1• 1495 0.3 0.1 0.2 0.4 0.1 204 93 
P-GurjWlene 1498 0.1 0.2 1.3 0.2 204 122 
CuH2110 1501 tr 0.2 0.1 0.2 220 147 
Kessane 1507 1.0 0.2 0.9 0.4 222 43 
CuH160 1521 0.5 222 93 
CuH260 1522 0.7 1.3 0.8 222 59 
Pacifigorgiol 1523 2.6 1.0 1.1 1.3 222 110 
Faurinone 1526 0.3 222 43 
CISH24 1527 0.6 0.6 0.3 204 93 
Myrtenyl isovalerate 1535 1.1 2.3 3.9 2.7 1.6 236 91 

Table 3a. {continued} 
CISHlll 1535 1.3 2.1 204 121 
C,sB2110 1541 7.2 0.5 2.1 220 43 
Maalio1 1541 tr 222 43 
C,sllu() 1548 0.8 1.3 3.9 1.1 1.1 2.0 222 91 
CuH2.o 1552 1.0 2.3 0.9 1.3 0.4 220 41 
CuHuO 1555 2.6 0.7 222 121 
Citronellyl isovalerate 1558 2. 1 0.3 0.1 0.3 0.6 240 81 
C1sH2~ 1565 1.0 0.5 0.8 222 69 
CISHuO 1568 3.0 1.6 222 59 
Ledol 1575 0.6 0.6 1.7 0.7 0.6 0.9 0.9 222 43 
CISH2110 1578 0.6 220 93 
CISHli!O 1591 0.4 220 135 
CuH260 1592 0.4 0.5 0.6 1.4 222 43 
C,sB2110 1597 0.3 0.5 2.1 4.0 3.0 2.5 9.3 220 119 
C1sHuO 1602 0.8 0.3 222 43 
CuHn 1603 0.2 0.1 202 159 
CuH2.o 1605 0.5 0.8 0.7 0.7 220 69 
P-Eudesmol 161 3 0.6 0.8 6.3 1.0 3.2 1.6 6.8 222 59 
C1sH260 1617 0.4 1.0 222 43 
Valeriano! 1625 3.0 13.9 3.2 15.6 2.8 13.6 222 161 
Patchouli alcohol 1625 5.4 222 83 
C1sH260 1635 0.7 222 59 
Valeranone 1639 1.2 0.4 2.5 3.3 0.7 222 98 
Myrtenyl hexanoate 1640 0.6 250 91 
CuHz60 1645 0.5 0.5 0.5 0.6 0.5 0.8 222 82 
epi-a-Bisabolo1 1659 0.2 0.2 0.3 0.6 0.8 1.0 0.7 222 69 
CnH2s02 (isova1erate) 1677 0.7 1.5 1.1 0.6 0.3 0.5 0.6 264 57 
Valerenal 1688 0.2 0.2 4.5 8.8 3.7 218 91 
CuHz•O 1692 0.4 0.8 0.2 0.1 0.2 220 43 



Table 3a. (continued) 
Component Retention Sample 

index• 27b 28 29 30 31 32 33 ~ BPd 
Valerenol (cis or trans) 1698 0.6 1.1 0.4 220 91 
Eugenyl isovalerate 1728 0.9 1.5 1.3 0.1 0.3 0.3 248 164 
Drimenol 1750 1.1 2.4 0.9 222 109 
C17H280 2 (acetate) 1768 1.5 0.6 0.6 1.9 264 43 
a-Kessyl acetate 1772 0.1 0.2 280 43 
cis-Valerenyl acetate 1777 0.3 0.5 0.4 0.6 262 43 
trans-V alerenyl acetate 1796 0. 7 0.4 0.8 262 43 
lsoeugeny1 isovalerate 1814 0.3 0.7 2.5 1.0 0.2 1.0 248 164 
Kessanyl acetate 1827 0. 7 1.2 2.3 0.2 1.8 280 43 
Valerenicacid 1831 0.3 0.3 1.1 234 91 
C 17H260 2 (acetate) 1867 0.3 0.6 0.7 2.8 3.2 0.2 262 43 
C 11H320 3 (isovalerate) 1881 0.4 0.9 284 57 
Cryptofauronyl acetate 1890 0.4 0.1 0.1 0.1 0.1 280 43 
Palmetic acid 1946 0.6 0.4 0.2 0.3 0.2 256 60 
cis-V alerenyl isovalerate 1984 0.2 tr 0.5 0.2 304 57 
trans-Valerenyl isovalerate 2024 0.7 0.5 0.4 304 57 
'Retention Index relative to ~-C21 n-alkanes on the CP-Sil 5 column; 6tr = trace (<0.05%);c:M = molecular weight; 6BP = base peak 
(100%). 

Table 3b. Percentage comQ2sition of the essential oils isolated from roots and rhizomes of some related valerian taxa 
Component Retention Sample 

index• 34b 35 36 37 38 Me BPd 
Tricyclene 919 tr tr tr 136 93 
a.-Pinene 926 0.4 0.4 0.5 0.3 0.2 136 93 
Camphene 937 l.l 0.9 0.8 9.7 0.7 136 93 
Sabinene 960 tr tr tr 0.1 0.1 136 93 
13-Pinene 964 0.2 0.2 0.3 1.2 0.1 136 93 
13-Myrcene 980 tr tr 136 43 
Unknown 989 tr 0.2 tr 0.2 144 101 
p-Cymene 1008 0.5 0.5 1.1 0.4 0.5 134 119 
1 ,8-Cineole 1015 tr tr tr tr 154 43 
13-Phellandrene 1016 0.4 0.4 0.3 0.3 136 93 
Limonene 1017 0.4 136 68 
y-Terpinene 1047 0. 1 0.1 tr 136 93 
Terpinolene 1075 0.1 tr tr 136 93 
Linalol 1082 tr 0. 1 154 71 
Menthenal isomer 1098 0.1 152 94 
Camphor 1112 0.1 152 95 
I so borneol 1132 0.1 154 95 
Borneol 1140 tr tr 0.2 0.9 0.5 154 95 
Terpinen-4-ol 11 54 0. 1 0.1 0.2 0.3 0. 1 154 71 
Myrtenol isomer 1160 tr 152 79 
a-Terpineol 11 65 tr tr tr tr 152 71 
Myrtenol 11 71 1.5 152 79 
cis-Carveol 11 74 0.2 0.2 0.6 152 84 
trans-Carveo1 1191 tr tr 152 84 
Thymol methyl ether 1207 tr 164 149 
Carvacrol methyl ether 1211 tr 164 149 
Thymol methyl ether isomer 1216 tr 164 149 
Carvacrol methyl ether isomer 1222 0.1 164 149 



Table 3b. {continuedl 
Component Retention Sample 

index• 34b 35 36 37 38 Me BPd 

Bornyl acetate 1264 0.9 0.9 2.3 11.5 5.9 196 95 
Nojigiku acetate 1272 tr 0.1 0.1 0.3 tr 194 107 
Myrtenyl acetate 1299 0.1 tr 0.1 4.9 0.5 194 91 
~-Eiemene 1326 0.1 0.1 0.5 0.3 0.8 204 121 
Citronellyl acetate 1332 0.1 198 81 
CuH2• 1340 tr tr 0.1 tr 0.4 204 93 
a.-Ylangene 1357 0. 1 0.1 tr tr 204 105 
a.-Copaene 1366 0.1 0.1 0.1 204 105 
c,$H2. 1369 0.7 0.6 204 105 
c,$H24 1374 0.3 0.3 204 105 
P-E1emene 1379 0.1 0. 1 0.1 0.1 0.2 204 81 
c,jH2• 1388 0.9 204 94 
CuH22 1389 0.8 0.9 . 202 159 
c.,H2• 1394 0.3 204 93 
CuH2• 1395 2.7 204 82 
2,6-Dimethoxy-p-cymene 1396 0.3 194 179 
Longifolene 1398 0.7 0.7 0.2 204 105 
CuH2• 1400 0.5 204 147 
CuHz• 1404 0.2 0.2 1.3 2.2 1.3 204 93 
c,jHz• 1407 0.1 204 105 
a.-Santalene 1409 0.2 0.2 204 94 
C,sH1• 1418 5.5 4.4 0.2 0.1 204 161 
y-Patcbouleoe 1423 4.5 4.9 0.2 204 122 
c.,H2• 1424 0.3 204 81 
CuH2• 1425 0.1 204 93 
CuH24 1432 0.4 0.5 204 69 
CuHn 1433 0. 1 202 91 
CuH22 1439 0.2 0.1 0.7 202 91 

Table 3b. (continued) 
a.-Humulene 1440 0.6 0.3 204 93 
CuHz• 1442 3.0 3.0 204 41 
C,sHz• 1443 0.2 0.1 0.1 204 105 
CuH2• 1443 0.5 0.5 204 107 
C,sH2• 1444 0.3 204 69 
C,sB1• 1445 2.9 10.9 204 105 
C,sHz• 1450 0.2 204 93 
C,sH22 1451 0.2 0.1 202 159 
P-Ionone 1454 0.1 192 177 
CuH2• 1454 0.1 204 43 
CISH24 1457 0. 1 0.1 0.3 0.1 204 81 
CuH2• 1462 1.2 0.9 204 105 
ar-Curcumene 1464 0.7 1.6 0.8 202 119 
a.-Guaiene 1469 0. 1 0.1 0.1 204 93 
CuH2• 1471 0.4 204 69 
C,sH2• 1472 0.3 204 161 
CISH24 1473 0.4 0.4 204 11 9 
Pacifigorgio1 isomer 1473 1.3 222 110 
C,sH24 1476 0.3 1.1 204 161 
C,sH24 1479 0.1 0.2 0.4 1.8 204 93 
CuH2• 1479 0.3 0.3 204 161 
y-Elemene 1482 0.4 0.4 204 81 
CuH2• 1486 0.2 0.2 204 93 
a.-BuJnesene 1489 0.7 0.5 0.2 204 107 
C,sH2• 1492 0.2 204 119 
Bomyl isovalerate 1492 0.1 0.1 0.1 0.1 0.5 238 95 
C,sH260 1494 0.2 0.2 0.4 0.4 0.5 222 69 
C,sH2• 1495 0.1 0.2 0.3 0.2 204 93 
P-Gurjunene 1498 0.9 0.9 0.6 0.7 0.4 204 122 
Kessane 1507 0.3 0.4 0.6 222 43 
5-Cadinene 1507 0.4 0.5 204 161 



Table 3b. (continued} 
Component Retention 

index• 34b 35 36 
Sample 

37 38 ~ BEd 

c.,Hl6o 1522 0.6 0.6 2.4 222 59 
Pacifigorgiol 1523 2.6 2.1 222 110 
Fawinone 1526 0.2 222 43 
CtsH1• 1527 0.2 0.2 0.3 0.5 0.5 204 93 
Myrtenyl isovalerate 1535 0.2 3.0 0.9 236 91 
CuHz• 1535 0.2 0.3 0.6 0.9 204 121 
c., Hl6o 1536 1.8 222 123 
Maaliol 1541 0.9 1.1 222 43 
Ctsllu O 1548 2. 1 2. 1 2.7 0.2 5.3 222 91 
c .,H1•o 1552 0.7 0.7 1.2 2.0 220 41 
c.,Hz6o 1555 2.0 222 121 
CtsHn O 1556 1.6 1.6 0.4 218 91 
Citronelly1 isovalerate 1558 2.7 0.6 240 81 
CuH240 1564 2.0 1.5 0.2 220 41 
CuH260 1565 2.4 2.4 0.8 0.3 0.6 222 69 
c.,Hl6o 1568 0.9 222 59 
Ledol 1575 2.4 1.6 0.7 1.0 222 43 
CuHz•O 1578 2.3 220 93 
c.,H2.o 1591 0.5 220 135 
C1sHu O 1592 5.8 2.0 0.8 0.4 222 43 
Ctsh2AO 1597 2.8 5.0 220 119 
Bomyl hexanoate 1600 0.5 252 95 
CuH260 1602 2.5 2.2 222 43 
c.,H22 1603 0.1 202 159 
CuH260 1604 0.3 1.3 222 121 
CuHz60 1604 0.4 0.4 222 43 
CuH240 1605 0.8 220 69 
y-Eudesmol 1605 1.5 222 161 
Jl-Eudesmol 1613 0.5 7.9 222 59 

Table 3b. (continued) 
C1sHz60 1617 1.0 0.6 2.1 222 43 
V alerianol 1625 19.9 11.5 2.1 222 161 
Pah:bouU alcohol 1625 6.0 8.6 222 83 
C1sH260 1635 0.8 222 59 
Valeranone 1639 1.0 0.8 2.5 0.5 16.4 222 98 
C.,H260 1645 1.0 0.8 0.7 222 82 
epi-cz..Bisabolol 1659 1.7 0.8 7.4 222 69 
c.,H240 1674 2.3 1.9 220 43 
C17H280 2 (isovalerate) 1677 0.9 0.4 0.2 264 57 
Va1erena1 1688 3.5 0.4 4. 7 218 91 
CtsHz•O 1692 0.8 0.8 0.2 0.1 0.2 220 43 
Valereno1 (cis or trans) 1698 1.6 0.2 1.4 220 91 
Valerenal isomer 1701 14.8 18.5 2 18 91 
Eugeny1 isovalerate 1728 0.3 0.4 248 164 
C17H280 2 (acetate) 1746 0.2 0.2 3.2 264 75 
Drimeno1 1750 0.5 0.6 222 109 
C17H 280 2 (acetate) 1768 0.5 0.2 0.5 264 43 
o.-Kessy1 acetate 1772 0.2 280 43 
cis-Valereny1 acetate 1777 1.3 0.9 0.6 0.6 262 43 
trans-Valereny1 acetate 1796 0.2 0.5 262 43 
lsoeugenyl isovalerate 1814 0.2 0.3 248 164 
Kessanyl acetate 1827 0.1 0.1 280 43 
Valerenic acid 1831 1.0 1.2 0.5 0.6 234 91 
C17H260 2 (acetate) 1867 0.6 0.4 0.9 0.1 262 43 
C11H320 1 (isovalerate) 1881 1.2 284 57 
Cryptofaurony1 acetate 1890 0.1 0. 1 0.9 0.2 0.6 280 43 
Palmetic acid 1946 0.1 0.1 0.2 0.1 0.2 256 60 
cis-Valereny1 isova1erate 1984 0.1 0.1 0.2 304 57 
Patcboulyl acetate 200 1 3.3 3.1 264 43 
trans-Valerenyl isovalerate 2024 0.1 0.1 1.9 0.1 1.8 304 57 
'Retention Index relative to C9-C21 n-alkanes on the CP-Sil 5 column; 6tr =trace (<0.05%);c M = molecular weight; aBP = base 
peak ( I 00%). 



Chapter 5 

COMPOSffiON OF THE ESSENTIAL OIL FROM ROOTS AND 
RlllZOMES OF VALERIANA WALLICH/1 DC.5 

Introduction 

Va/eriana wallichii DC. (synonym V.jaramansi Jones), family Valerianaceae, 
grows abundantly in the temperate zones of the Himalayas, from Kaslunir to 
Bhutan at an altitude of 1300-3300 m, in the Khasia Hills (India) at an altitude 
of 1300-2000 m, and in Afghanistan and Pakistan (Sood, 1965; Rashid era/., 
1972; Blatter et a/. ,1988; Holzl, 1996). Local names of the plant are 'tagar' 
(Hindi) and 'tagara' (Sanskrit); its English name is Indian or Pakistani valerian. 

V. wallichii is a perennial, erect herb; 60-100 em high. The roots are 
yellowish-brown, 1.5-7 em long and 1-2 mm thick. The rhizome is yellowish to 
brownish, 4-7 em long and 1 em thick, subcylindrical. Leaves are radical, 
persistent, stalked, cordate-ovate, acute, toothed. The flowers are white or 
tinged with pink in a terminal corymb 2.5-8 em across, often unisexual, and the 
male and female on different plants. Fruits are small, smooth, without hairs. 
The market samples of the rhizomes are unbranched. The odour is valerianous, 
and the taste bitter and camphoraceous (Kapoor, 1990). 

V. wa/lichii has long been in use in Ayurvedic and Unani systems of 
medicine (Gupta and Shah, 1981 ). The whole plant and the roots are applied in 
Ayurveda for nervous debility and failing reflexes, as a hypnotic, and to treat 
spastic disorders like chorea and gastrospasms. Roots are described to be 
useful in hysteria, epilepsy, shell shock, and neurosis (Kapoor, 1990). 

The essential oil yield has been reported to vary from 0.3% to 2.0% 
(Sood, 1965; Anonymous, 1992b). The oil and the resinoid are used for flavour 
and fragrance purposes, but the oil has also some antibacterial and antifungal 

snus Chapter is based on: 
Bos R, Woerdenbag HJ, Hendriks H. MaJingre ThM (1992) Der indische oder 
pakistanische BaJdrian, Valeriano wal/ichii DC. (=Valeriano jatamansi Jones). Z. 
Phytother. 13, 26-34. 
Bos R. Woerdenbag HJ, Hendriks H, Smit HF, Wikstrl>m HV, Scheffer JJC ( 1997) 
Composition of the essential oil from roots and rhizomes of Valeriano wallichii DC. 
FlavourFragr.J. ll, 123-131. 
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activities (Girgune et al., 1980). Secondary metabolites found so far in V. 
wallichii are two alkaloids (cbatinine and valerine), aliphatic acids, several 
steroids, flavonoids (e.g. linarin), phenols, tannins, saponins, sugars, 
valepotriates, and a naphtholic acid (Bos et a/. , 1992; Pande and Shukla, 
1993). 

In Western phytotherapy, the roots and rhizomes of V. wallichii are 
used for the preparation of phytomedicines with a mild sedative action, like 
those of V. officinalis L. s./. and V. edu/is Nutt. ex Torr. & Gray ssp. procera 
(H.B.K.) F.G. Meyer (Bos et al., 1994; 1997a). 

In view of an increasing demand for V. wallichii, its supply cannot be 
met only by collection from wild sources. Therefore, cultivation on a 
commercial scale has started in Uttar Pradesh, India, and also in Germany 
(Gupta and Shah, 1981; Wienschierz. 1978) 

In this chapter, we describe the analysis of the essential oils isolated 
from roots and rhizomes of V. wallichii grown in Germany and The 
Netherlands, and from commercially available plant material of various origin. 

Experimental 

Plant material 
Roots and rhizomes of V. wallichii were obtained from a local market in 
Kathmandu (Nepal) in 1993, from the botanical garden of the University of 
Groningen, from two experimental gardens in The Netherlands (at Buitenpost 
and Elburg), from the botanical garden of the University of MUnster and from 
that at Weibenstepban (Germany), from a herbal company in The Netherlands 
(V erenigde Nederlandse Kruidenco6peratie ua, Elburg), and from five 
importers in Germany (H. Carroux., Hamburg; H. Ambrosius, Hamburg; 
M.C.M. Klosterfrau, Koln; P . Milggenburg, Hamburg; and Finzelberg's 
Nachfolger, Andemach). Voucher specimens have been deposited at the 
Department of Pharmaceutical Biology, University Centre for Pharmacy, 
Groningen, The Netherlands. 

Isolation procedure 
Each essential oil sample was isolated as described in chapter 4; 10.0 g of dry 
and ground root material were used as to the commercially obtained samples of 
plant material. 
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In addition, several oil samples were separated into two fractions -
with hydrocarbons and oxygen-containing compounds, respectively - by 
eluting 250 J.L1 of oil on a Bakerbond SPE column, filled with I g of silica gel 
(J.T. Baker, Deventer, The Netherlands), with subsequently 5 ml of n-hexane 
and 5 ml of diethyl ether. After gentle evaporation of the solvents of both 
fractions, 50 J!l of each residue were diluted with 950 J!l of cyclohexane and 
then submitted to GC and GC-MS analysis. 

Gas chromatography and gas chromatography-mass spectrometry 
GC and GC-MS analysis were performed as described in chapter 4. 

Also a Unicam 610/Automass 150 GC-MS system was used. The GC 
conditions were: column, WCOT fused-silica CP-Sil 5 CB (25 m x 0.25 m.m 
i.d., film thickness, 0.25 J.Lm; Chrompack); oven temperature programme, 50-
2900C at 4°C/min; injector temperature, 260°C; carrier gas, helium; inlet 
pressure, 5 psi; linear gas velocity, 32 cmls; split ratio, 20:1; injected volume, 
1.0 J!l. MS conditions: ionization energy, 70 eV; ion source temperature, 
250°C; interface temperature, 280°C; scan speed, 2 scans/s; mass range. 34-
SOOu. 

The identity of the components was assigned by comparison of their 
retention indices, relative to C9-C2r n-alkanes, and mass spectra with 
corresponding data from reference compounds and from the literature {Adams, 
1989; Tucker and Maciarello, 1993 ). The percentages of the components were 
calculated from the GC peak areas, using the normalization method. 

Results and discussion 

The essential oil contents of the investigated samples varied between 0.09% 
and 1.30% (v/w), calculated on a dry weight basis (Table l). In the literature, 
essential oil contents between 0.3% and 2.0% for the roots and rhizomes of V. 
wal/ichii are mentioned (Sood, 1965; Anonymous, I992b).The low oil contents 
of the Nepalese material (sample 8), as well as of the other commercially 
available samples (9-16) may be due to their age and probably also to improper 
drying and storage. Nothing is known about the origin, the collection method, 
and the time between collecting, drying and analysing of these samples. The 
essential oil contents of the freshly collected samples from The Netherlands 
and from Germany {samples 1-7) varied between 0.13% and 1.30%. Only these 
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Table 1. Essential oil content of freshly obtained plant material ( 1-6), and of commer
cial samples (7-16) of roots and rhizomes of Valeriano wallichii DC.; the content(%) 
was calculated on a dry weight basis 

Sample Origin % 
1 Botanical garden, Groningen (roots) 0.55 
2 Botanical garden, Groni.ngen (rhizomes) 1.30 
3 Experimental garden, Buitenpost 0.78 
4 Experimental garden, Elburg 0.17 
5 Botanical garden, MOnster 0.90 
6 Botanical garden, Weihenstephan 0.72 
7 VNK 0.13 
8 Market, Kathmandu 0.20 
9 Carroux, Hamburg 0.26 

10 H. Ambrosius, Hamburg 0.47 
11 MC.M. Klosterfrau, KOln 0.30 
12 MC.M. Klosterfrau, KOln 0.19 
13 P. Miiggenburg, Hamburg 0.23 
14 P. Miiggenburg, Hamburg 0.37 
15 P. Muggenburg, Hamburg 0.17 
16 Finzelberg 's Nachfolger, Andernacb 0.09 

samples were submitted to distillation immediately after collection and 
subsequent drying for 48 hat 36°C. The ratio between the oil content of the 
roots and that of the rhizomes of the samples from Groningen (samples I and 
2) was ca I :2.5. This is in agreement with results reported for the subterranean 
parts of V. officina/is, where almost the same ratio was found (Eisenhuth, 
1956). 

There were only small differences between the composition of the oils 

of the commercially available samples (8-16}. The main components were y
patchoulene, a-humulene (39), a-bulnesene ( 40), bomyl isovalerate, patchouli 
alcohol, and two unidentified components with a retention index (RI) of 1431 
and 1645, respectively. In the Nepalese oil, also an unknown sesquiterpene (RI 
= 1443) was one of the main components. In the European samples 1-6, a

santalene (41), y-patchoulene, the unknown sesquiterpene C,sH24 (RI = 1431), 
ar-curcumene ( 42) and xanthorrhizol ( 43) were the main components. 
Patchouli alcohol was the dominant component of sample 7. 

Furthermore, there was a large difference in the oil composition 
between the roots and the rhizomes from the plants grown in Groningen 
(samples 1 and 2). In the root oil the main monoterpenes were p-cymene and 

terpinolene, and the main sesquiterpenes a-santalene, the unknown CuH24 (RI 
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39 cx-Humulene 

41 cx-Santalene 

43 Xanthorrhizol 

40 a-Bulnesene 

42 a r-Curcwnene 

44 Citronellyl isovalerate 
R = COCH2CH(CH3)2 

= 1431}, ar-curcumene and xanthorrhizol. In the rhizome oil camphene, y
patchoulene, a-humulene, bomyl isovalerate, maaliol and xanthorrhizol were 
the major components. 

In the oils from the plants obtained from the two experimental gardens 
in the Netherlands, and in the oils from the two botanicaJ gardens in Germany 
(samples 3-6), a -santalene, y-patchoulene, the unkown C,5H 24 (RI = 1431}, ar

curcumene and xanthorrhizol were the main components, while patchouli 
alcohol was present in small amounts only. The similarity of the composition 
of the oils 1-6 suggests that these samples belong to one strain of V. wallichii, 
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perhaps once imported to Europe by a botanical garden, from where it was 
distributed to other locations. 

There was a rather great similarity between the oil of sample 7 and the 
oils from the commercially available samples (samples 8-16). In all these oil 
samples, except in sample 15, patchouli alcohol was the main component. In 
some oil samples (9, 12-15) large amounts ofbomyl isovalerate were detected, 
together with smaller amounts of citronellyl isovalerate (44; samples 8, 9, 12, 
15) and a-kessyl isovalerate (24b; samples 12, 13, 15). In the literature only 
one study was found in which bomyl isovalerate was the main component 
(30.0%) of the oil of Jl. wallichii, together with small amounts of bomyl 
acetate ( 1.1%), and traces ofbomeo1 (30) and bomyl formate (30a). The total 
sesquiterpene hydrocarbons content in that study was 27% (Jurcic, 1974). In 
the samples 12, 14 and 15 we detected small amounts of trans-anethole ( 4S). In 
contrast to cis-anethole, trans-anethole is not considered to be poisonous. 

The compound with the RI of 1645 (samples I-6, 9-16) was present at 
a maximum concentration of 13%. With NIC1-MS (mlz = 221, [M-HD we 
confirmed its formula to be C1sH260 , i.e. that of an oxygen-containing 
sesquiterpene. Also three sesquiterpene alcohols, viz. one xanthorrhizol isomer 
(RI = 1723) and two curcuphenol (46) isomers (Rls = 1685 and 1710), were 
detected in most of the samples. Probably xanthorrhizyl acetate (RI = 1767) 
and curcuphenyl acetate (RI = 1738) were also present. This is in agreement 
with the NICI-mass spectra, that showed for both components an m/z of 259 
([M-H]), and an m/z fragment of 59 (CH3COO). 

Another unknown compound with an RI of 1555 was found; its 
formula was confirmed the be C 1sH2~ using NICI-MS (m/z = 221, [M-H]} 
After isolation of the same compound from a commercial sample of 
Nardostachysjatamansi oil, using low-pressure column chromatography and 

OH 

45 trans-Anethole 
46 Curcuphenol 
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preparative thin-layer chromatography, we could tentatively identify it as a 
tertiary sesquiterpene alcohol with a valerane skeleton. Spectral data: [af!

0
o: + 

23.8° (MeOH); UV (MeOH) !..max 216 nm; IR v, em·': 3610 and 3490 (OH); 
3080, 1630 and 880-900 (C=C); 1100 (tert. OH); 1H-m.1R (CDCh, TMS): o 
4.82, 4.67 (d, 2H, H-15), 1.47 (s, 1H, OH), 1.20 (s, 3H, H-14), 0.89, 0.87, 0.85, 

0.83 (q, 6H, H-12, H-13); 13C-m.1R (CDCh, TMS): o 153.5 (C, C-6), 108.4 
(CH

2
, C-15), 82.3 (C, C-5), 52.9 (C, C-10), 40.3 (CH, C-3), 33. 1 (CH, C-11), 

27.6 (CH3, C-14), 20. 1 (CH3, C-13), 19.2 (CH3, C-12), 40.6, 39.2, 38.2, 35.3, 
31.2, 18.4 (CH2, C-1, C-2, C-4, C-7, C-8, C-9). Based on these spectral data, 
we propose the structure as presented in Figure 1. The mass spectra o_f so~e 
sesquiterpene alcohols discussed above, or the acetates thereof, are gtven 10 

Figures 2-6. 
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Figure I . Proposed structure of the 
tertiary sesquiterpene alcohol with an 
Rl of 1555 
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Figure 2. Mass spectrum of the sesquiterpene alcohol with a retention index of 1555; 

mlz range 34-300 u 
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Figure 3. Mass spectrum of cW"Cuphenol or isomer (R1 = 1685); mlz range 34-300 u 
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Figure 4. Mass spectrum of a xanthon:hi.zol isomer (R1 = 1723); mlz range 34-300 u 
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Figure 5. Mass spectrum of the sesquiterpene acetate with a retention index of 1738: 
mlz range 34-300 u 
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Figure 6. Mass spectrum of the sesquiterpene acetate with a retention index of 1767· 
m/z range 34-300 u ' 
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In the literature available with regard to the essential oil of V. wallichii 
(Kulkarni et al., 1964; Narayanan eta/., 1964; Sood, 1964; Joshi et al., 1968; 
Paknikar and Kirtany, 1972; Wang and Niu, 1980; Hendriks and Bos, 1984), 
only data on its oil content are given, except for one study in which maaliol 
was found (11.6%) together with a-pinene (14.5%) and three unidentified 
components (10.9%, 18.7% and 20.3%, respectively) (Wang and Niu, 1980). 
Other investigators (Kulkarni el a/., 1964; Narayanan eta/., 1964; S<>Od, 1964; 
Joshi et a/. , 1968; Paknik.ar and Kirtany, 1972; Hendriks and Bos, 1984) 
mentioned the well-known components patchouli alcohol, maaliol, maaliol 
oxide (47), valeranone, cryptomeridiol (48), kanokonol (49) and kanokonyl 
acetate together with some sesquiterpene hydrocarbons. 

In conclusion, the composition of the essential oil isolated from roots 
and rhizomes of V. wallichii varied considerably depending on the origin of the 
plant material. However, patchouli alcohol, and ~- and y-patchoulene seem to 
be characteristic for this oil, as these compounds have not been described to be 
present in other Valeriana species, such as in V. officina/is. 

OH 
01---f-

48 Cryptomeridiol 
47 Maaliol oxide 

0 

49 Kanokonol 
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Table 2. (continued} 
ComEonent 
a.-Humulene 
C1sHz• 
2-Phenylethyl isovalerate 
ar-Curcumene 
a.-Guaiene 
CuHz• 
CuHz• 
y-Elemene 
a.-Bulnesene 
Bomyl isovalerate 
P-Ourjunene 
Kessane 
o-Cadine.ne 
cis-Nerolidol 
Selinene isomer 
C1,H240z (isovalerate) 
C1sHz• 
C uH26 
Maaliol 
CuH260 
Thymyl isovalerate 
C1sH260 
Tunnerol 
2-Phenylethyl hexanoate 
c.~2402 (hexanoate) 
Ledol 
CuH260 2 (isovalerate) 
Bomyl hexanoate 
CuHz60 
Patchouli alcohol 

Table 2. (continued) 
Valeranone 
CuH260 
CuHzo0 2 
C1sHzzO (curcuphenol or isomer) 
CuH220 (valerenal isomer) 
C15Hz20 (curcuphenol or isomer) 
Xantborrbizol 
Xanthorrhizol isomer 
c.1H2402 (curcuphenyl acetate?) 
Drimenol 
C11H2402 (xanthorrhizy1 acetate?) 
a.-Kessy1 acetate 
c.~z6o 
CuH2402 
c.$H2.oz 
Cryptofauronyl acetate 
c.6H220 2 
C1sH2402 
Patchoulyl acetate 
Total 
Grouped components 

ru• 
1440 
1443 
14S7 
1464 
1469 
1473 
1478 
1482 
1489 
1492 
1498 
IS07 
1S07 
IS14 
ISIS 
1S22 
IS27 
1538 
1S41 
IS48 
1SS2 
ISSS 
1S61 
1564 
1S7 1 
1575 
1S8S 
1600 
1616 
162S 

1639 
164S 
16SS 
1685 
1701 
1710 
1717 
1723 
1738 
1750 
1767 
1772 
1823 
1826 
1856 
1890 
1915 
1939 
2001 

1 

2.3 

7.0 
0.3 
0.6 

0.2 
0.6 
1.0 
0.4 

0.8 

0.8 

0.8 

0.6 
0.2 
0.2 

1.1 
0.2 
0.4 

1.1 
1.1 
1.8 
0.7 
1.0 
0.9 
8.2 

0.7 

2.1 
0.5 
0.2 

1.9 
0.2 
81.8 

2 
3.6 
1.1 
tr 

1.l 
0.3 
0.6 
0.7 
1.3 
3.0 
2.6 
1.2 
1.0 

o.s 
0. 1 

0.2 

2.3 
0.5 
0.3 
1.1 

1.6 
0.3 
0.7 
0.6 
0.4 
0.2 
0.4 

1.2 
1.2 
1.9 
0.8 

1.4 
9.8 

0.5 

1.4 

2.1 
0.5 
tr 

1.3 

62.9 

3 

1.1 
0.2 
10.3 
o.s 
0.8 

0.4 
0.8 
0.9 

0.4 
0.7 

0.4 

0.2 

0.9 
0.1 
1.0 

0.6 
0.2 
1.3 
0.3 
0.3 

1.4 
1.6 
1.7 
1.8 

1.3 
16.7 

0.3 

0.2 

0. 1 
0.1 
0.6 

0.3 

83.5 

4 

0.4 
0.3 
4.3 
0.4 
0.8 

0.2 
o.s 
1.0 
0.2 
0.3 

0.1 

0.2 
0.4 

1.5 
1.6 
1.6 
0.3 
0.8 
1.4 
1.8 
0.2 
0.5 

1.7 
1.4 
1.8 
1.1 

0.8 
12.2 

0.1 

0.1 

0.5 
0.5 
0.7 
0.1 

1.4 
1.0 

63.1 

s 
0.1 
1.0 
0.2 
11.7 
o.s 
0.7 

o.s 
1.0 
0.9 
0.2 
0.4 

0.6 

0.2 
0.4 

1.0 
0.2 
1.1 

0.6 
0.4 
1.6 
0.2 
0.7 

1.4 
2.0 
2.0 
2.0 

1.7 
18.4 

0.2 
0.2 

0.7 

0.4 

82.S 

6 
0.2 
2.0 

11.6 
0.4 
0.7 

0.3 
0.4 
0.9 
1.0 
0.4 

1.2 

0.5 

0.1 
0.1 

0.9 

0.9 
0. I 
0.4 

1.4 
0.2 
0.5 

1.2 
1.7 
1.9 
1.3 

1.9 
12.6 

0.5 

1.5 

0.6 
0.7 

1.2 

8S.2 

7 
o.s 

0.2 

2.2 

1.2 

4.3 

1.0 

1.4 

0.4 

48.8 

1.2 

0.4 

0.9 

0.1 

0.2 

1.5 
68.2 

Monoterpene hydrocarbons S.9 2.9 0.2 0.3 0.7 0.4 0.3 
Oxygen-containing monoterpeoes 3.4 6.9 4.9 5.4 5.0 4.5 3.4 
Sesquiterpene hydrocarbons 48.7 22.7 48.0 26.7 43.0 S0.5 7.8 
Oxygen-containing sesquiterpenes 21.4 26.9 27.5 27.0 30.S 27.0 55.3 
Others 2.4 3.5 2.9 3. 7 3.3 2.8 1.4 

M5 
204 
204 
206 
202 
204 
204 
204 
204 
204 
238 
204 
222 
204 
222 
204 
236 
204 
206 
222 
222 
234 
222 
218 
222 
248 
222 
238 
2S2 
222 
222 

222 
222 
232 
218 
218 
218 
218 
218 
260 
220 
260 
280 
222 
236 
236 
280 
246 
236 
264 

BP~ 

93 
107 
104 
119 
93 

161 
189 

81 
107 
9S 

122 
43 

161 
69 
93 
91 
91 

110 
43 

107 
13S 
43 

132 
104 
119 
4 1 
69 
95 

119 
83 

98 
82 

ISO 
13S 
91 

135 
136 
136 
135 
109 
136 
43 

123 
82 

123 
43 

147 
123 
43 

'Retention Index relative to C9-C21 n-alkanes on the CP-Sil 5 (25 m x 0.32 rnrn) colwnn; 6M = molecular wefght;eap = base peak 
(100%); dtr = trace (<0.05%). 



Table 3. Percentage composition of the essential oil isolated from commercially available samples of dried roots and rhizomes of Valeriano 
wallichff DC. 
Component Rl" 8 9 10 11 12 13 14 15 16 
a-Pinene 926 0.2 0. 1 0.1 0.2 0.1 0.1 0.2 0.8 1 
Camphene 937 0.3 0.1 2.4 0.9 0.1 
Sabinene 960 0.2 
P-Pinene 964 0.2 0.1 0.2 
P-Myrcene 980 0.1 
p-Cymene . 1008 u.b tr 
1,8-Cineole 1015 0.2 tr 
Limonene 1017 0.1 0.1 0.1 0.1 tr 
Llnalol 1082 0.1 0.1 0.4 0.1 0.3 1 
Camphor 1112 0.1 tr 
Borneol 1140 0.1 0.5 0.1 0.4 1.3 0.8 0.5 1.7 0.6 
Terpinen-4-ol 1154 tr 0.4 0.1 0.1 0.4 0.2 
cr.-Terpineol 1165 0.1 0.1 0.3 0.2 0.1 0.3 
1 ,4-Oimethoxybenzene 1171 0.1 0.1 
Thymol methyl ether 1207 0.2 0.1 0.1 0.4 0.1 0.2 0.5 0.1 
Carvacrol methyl ether 1211 0.1 0.2 0.1 0.1 0.3 tr 
Thymol methyl ether isomer 1222 0.1 
trans-Anethole 1249 0.1 0.1 0.4 
Bomyl acetate 1264 0. 1 0.6 0. 1 0.6 1.7 1.5 0.6 1.9 1.7 
Thymylacetate 1276 0.1 0.1 0.1 
6-Eiemene 1326 0.1 0.3 0.1 0.7 1.1 0.2 0.8 0.8 
Citronellyl acetate 1332 0.2 0.6 0.1 0.1 
Geranyl acetate 1360 0.6 0.1 1.2 0.4 0.2 
Benzyl iJovalerate 1366 0.1 0.6 
13-Patchoulene 1370 0.6 0.5 0.8 1.3 0.2 0.3 1.5 0.5 
2,5-0imethoxy-p-cymene 1372 0.3 0.3 0.4 0.1 0.2 
P-E1emene 1379 0.5 0.1 0.3 0.1 0.4 

Table 3. ~continued} 
2,6-0imethoxy-p-cymene 1396 0.4 0.3 0.1 0.1 0.3 0.2 0.2 0.5 
a-Santalene 1409 0.9 0.8 0.9 1.0 1.1 1.6 0.9 2.9 0.8 
CuH14 1417 0.1 0.3 1.0 1.7 0.3 0.2 0.4 
y-Patcllouleoe 1423 10.2 3.4 5.1 4.5 2.2 3.1 4.4 4.2 

Cssll:u 1431 0.8 2.3 2.3 2.2 2.6 6.0 2.3 7.0 3.5 
o.-Humuleoe 1440 5.6 1.1 3.9 2.3 0.7 1.2 3.7 2.1 
CuH24 1443 14.0 
2-Pheny1ethy1 isovalerate 1457 0.1 0.9 2.1 1.3 0.4 2.3 0.9 
ar-Curcumene 1464 0.4 2.0 0.9 0.8 1.2 2.7 1.1 1.7 1.5 
cr.-Guaiene 1469 0.4 0.3 0.2 0.4 0.3 0.1 

CssH2• 1473 1.0 0.4 0.7 0.4 0.3 0.6 
CuH24 1478 1.1 0.5 0.7 0.4 0.2 0.4 0.7 0.3 
y-Eiemene 1482 1.6 0.9 1.3 0.8 0.4 0.6 1.3 1.4 
a-Buloesene 1489 5.3 5.0 3.1 1.0 1.1 1.3 3.1 1.0 1.5 
Bornyl isovalerate 1492 0.2 6.0 0.2 0.5 9.5 4.5 2.6 11.9 
a-Terpenyl isovalerate 1498 3.0 
13-Gurjunene 1498 0.8 0.8 1.4 0.8 0.3 0.7 1.2 1.3 
Kessane 1507 0.4 1.2 1.9 0.6 0.8 1.2 1.0 1.3 1.5 
Selinene isomer 1515 0.1 tr 0.1 0.3 0.1 
CssH2402 (isovalerate) 1522 0.2 0.2 0.4 0.2 0.3 0.2 0.2 
CssH24 1527 0.1 
CuH260 1527 0.3 0.1 0.2 0.1 0.2 0.4 0.3 
CuH26 1538 0.8 8.2 2.2 
Maa1iol 1541 2.9 
trans-Nerolidol 1542 4.0 5.1 10.5 6.0 1.0 3.4 
C1sH260 1548 2.7 
Thymyl isovalerate 1552 0.8 0.5 0.4 0.9 0.5 0.3 1.1 
CuH260 1555 0.4 1.1 
CitroneUyl isovalerate 1558 2.0 2.0 2.1 0.5 4.4 
Turmerol 1561 0.8 
2-Phenylethyl hexanoate 1564 3.1 0.5 1.6 2.2 1.3 3.1 1.5 0.5 
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Chapter 6 

THE ESSENTIAL OIL AND V ALEPOTRIA TES FROM ROOTS 
OF VALERIANA JA VANICA BLUME GROWN IN INDONESIA6 

Introduction 

In Indonesia, the roots of Valeriana javanica Blume (synonym V. hardwickii 
Wall. (Hegnauer, 1973; Engel, 1976); local name 'akar valerian'), Valerianaceae, 
are used as a mild tranquilizer (Sugati and Hutapea, 1991 ). This is the same 
application as that of V. officina/is L. s.l., V. wallichii DC. and V. edulis Nutt. ex 
Torr. & Gray ssp. procera (H.B.K.) F.G. Meyer in Western phytotherapy (Bos et 
a/., 1994; 1997a). In addition, the roots of V. javanica are traditionally used in 
Indonesia as an insect repellant and as a 'devil repellant' after birth (Sugati and 
Hutapea, 1991). V. javanica is also found in the temperate zones of the 
Himalayas, from Kaslunir to Bhutan at an altitude of 1300-3300 m, and in the 
Khasia Hills (India) at an altitude of 1300-2000 m (Blatter eta/., 1988). In India 
this Va/eriana species is regarded as a good substitute for V. wal/ichii and V . 
officina/is (Blatter eta/., 1988). So far, phytochemical data on V. javanica are not 
available. 

Experimental 
PlanJ material 
V.javanica originated from Tawangmangu, Solo (Central Java), Indonesia, 1200 
m above sea level. The roots were collected in JlUle 1994, during the dry season. 
A voucher specimen has been deposited at the Medicinal Plant Research Station 
(Kebun Hortikultura) in Tawangmangu. 

Isolation procedure 
The essential oil was isolated as described in chapter 4. Part of the oil sample 
was fractionated as described in chapter 5. 

~ chapter is based on: 
Bos R, Woerdenbag HJ, Hendriks H, Sidik, Wikstrom HV. Scheffer JJC (1996) The 
essential oil and valepotriates from roots of Valeriano javanica Blume gro"'n in 
Indonesia. Flavour Fragr. J. 11,321-326. 
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Chromatographic procedw-es 
GC analysis of the essential oil was performed as described in chapter 4. GC-MS 
(El) was performed on a Unicam 610/Automass 150 GC-MS system. The GC
MS conditions were as described in chapter 5. 

The identity of the components was assigned by comparison of their 
retention indices, relative to 4-(:19 n-alkanes, and mass spectra with 
corresponding data from reference compounds and from the literature {Adams, 
1989; Tucker and Maciarello, 1993). The percentages of the components were 
calculated from the GC peak areas, using the normalization method. 

V alerenic acid and derivatives, and valepotriates were isolated, and 
subsequently analysed by HPLC, as descnl>ed in chapter 3. 

Results and discussion 

The air~ed roots of V. javanica yielded 0.36% (v/w) essential oil. In Table 1 
the chemical composition of the essential oil is shown. More than 50 
components, mainly oxygen-containing sesquiterpenes (590/o), amounting to 
more than 85% of the total oil, were identified unambiguously. The main 
constituent of the oil was a-kessyl acetate; other major constituents included a
cedrene, patchouli alcohol and kessane, while valeranone and bomyl acetate 
were also found to be present in a relative amount of more than 1%. 

In addition to the list of compounds presented in Table 1, several 
unidentified sesquiterpene alcohols with M = 220 or M = 222, as well as 
unknown constituents with M = 218 or M = 216 were found in trace amounts ( < 
0.05%). 

Despite the presence of some kessane compounds, we were unable to 
detect kessoglycol or its mono- and di-acetates in the fraction with oxygen
containing compounds, using single ion monitoring. 

The presence of patchoulenes (retention index [RI] 1370, 1408 and 
1423) may be explained by a partial decomposition of patchouli alcohol (RI = 
1625) dwing the process ofhydrod:istillation (Bos eta/., 1992). 

The peak with an RI of 1277 showed a distinct mass spectrum (Fig. Ia}, 
but we were unable to identify this compound by comparing it with spectral data 
bases. In addition, the mass spectrum of the peak with an R1 of 1414 is given 
(Fig. 1 b). This compound is an as yet unidentified sesquiterpene; a compound 
with the same fragmentation pattern but with an R1 of 1400 was found in the oil 
of V. officinal is (Bos et al., 1997c; chapter 4). 
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Table 1. Percentage composition of the essential oil isolated from roots of Valeriana 
javanica Blume 
Component 
ex-Pinene 
Camphene 
Sabinene 
~-Pinene 
p-Cymene 
I ,8-Cineole 
Limonene 
cis-Linalol oxide (furanoid structure) 
trans-Linalol oxide (furanoid structure) 
Tetpinolene 
Linalol 
Camphor 
cis-1,2-Limonene oxide 
trans-! ,2-Limonene oxide 
Nero! oxide 
Borneol 
T erpinen-4-ol 
p-Cymen-8-ol 
Isodibydrocarvone 
p-Mentb-1-en-9-al 
Cwnin aldehyde 
Thymol methyl ether 
Carvacrol methyl ether 
Thymol methyl ether isomer 
Carvacrol methyl ether isomer 
Geraniol 
Bomyl acetate 
Unknown 
Thymol 
Carvacrol 
0-Eiemene 
~-Patchoulene 
~-Bourbonene 
2,5-Dimethoxy-p-cymene 
~-Elemene 
CISH22 
a-Cedreae 
C,sH1A 
cx-Patchoulene 
C,sH2A 
Di.methoxy-p-cymene isomer 

926 
937 
960 
964 
1008 
1015 
1017 
1053 
1067 
1075 
1082 
1112 
1122 
1125 
1134 
1140 
1154 
1161 
1165 
1199 
1203 
1207 
1211 
1216 
1222 
1233 
1264 
1277 
1290 
1299 
1326 
1370 
1372 
1372 
1379 
1392 
1398 
1404 
1408 
1414 
1420 
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0.3 
0.5 
0.2 
0.2 
0.2 
0.7 
0.7 
0.1 
0.1 
tr 
0.7 
tr 
tr 
tr 
tr 
0.7 
0.2 
0.1 
0.1 
tr 
0.1 
0.5 
0.2 
tr 
tr 
0.3 
2.7 
0.5 
0.1 
0.1 
0.1 
0.3 
tr 
0.3 
0.1 
0.1 
14.8 
0.2 
0.1 
tr 
tr 

136 
136 
136 
136 
134 
154 
136 
170 
170 
136 
154 
152 
152 
152 
170 
154 
154 
150 
152 
152 
148 
164 
164 
164 
164 
154 
196 
162 
150 
150 
204 
204 
204 
194 
204 
202 
204 
204 
204 
204 
194 

Bpa 
93 
93 
93 
93 

119 
43 
68 
59 
59 
93 
71 
41 
41 
41 
68 
95 
71 
43 
67 
79 

133 
149 
149 
149 
149 
69 
43 
77 

135 
135 
43 

161 
81 

179 
68 

159 
41 

189 
107 
147 
179 



Table l. ~continued} 
Component RI" %6 ~ 

y-Patchouleoe 1423 1.6 204 
Dimethoxy-p-cymeoe isomer 1425 tr 194 
Ca1acorene 1433 0.1 200 
CuH2• 1437 0.7 204 
a-Hwnulene 1440 0.8 204 
ar-Curcumene 1464 0.1 202 
Calamenene 1496 0.1 202 
Kessane 1507 6.8 222 
0-Cadinene 1507 0.3 204 
Faurinone 1526 tr 222 
c.sH260 1536 0.1 222 
c.sH~ 1549 0.4 222 
~Eudesmol 1613 0.5 220 
Patcllouli alcohol 1625 10.3 222 
Guaiol 1627 tr 222 
Valenanone 1639 3.2 222 
a-Kessyl alcohol 1660 0.8 238 
Eugenyl isovalerate 1728 tr 248 
Drimenol 1750 0.3 222 
a-Kasyl aceute 1772 36.2 280 
C17H~ (acetate) 1778 0.1 262 
Tridensenone 1783 0.1 216 
Total 87.8 
Grouped components 

Monoterpene hydrocarbons 2.1 
Oxygen-containing monoterpenes 7.0 
Sesquiterpene hydrocarbons 19.4 
Oxygen-containing sesquiterpenes 58.8 
Others 0.5 

~etention Index relative to CrC19 n-alkanes on the CP-Sil 5 colwnn; 
(<0.05%); ~=molecular weight; <fsp = base peak (100%). 
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spd 
122 
179 
157 
41 
41 

119 
159 
43 

161 
43 
43 

159 
59 
83 
59 
41 
43 

164 
109 
43 
43 

173 

tr = trace 
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Figure Ia. Mass spectrum of unknown component with a retention index of 1277; m : 

range 34-300 u 

Figure 2 shows the mass spectra of kessane (RI = 1507), a-kessyl 
alcohol (RI = 1660), and a-kessyl acetate (RI = 1772). A great similarity is seen 
in the mass fragmentation patterns of these components. Based on the similarity 
of the mass spectra of some trace components (RI = 1796, 1812 and 1826; not 
shown in Table 1) having M = 236 or M = 238 with those of the identified 
kessanes, we suppose that they are probably esters of kessane isomers. Some 
other trace components might be derivatives of 14-hydroxyvaleranone (49, = 
kanokonol). 
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Figure lb. Mass spectnun of unknown component with a retention index of 1414; mlz 
range 34-300 u 
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Figure 2a. Mass spectnun ofkessane ( RI = 1507); mlz range 34-300 u; the spectnu:n was 
extended 50 times in the m/z range 215-300u 
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The total valepotriate content was 2.96% based on dry weight, consisting 
of valtrate (2.24%), isovaltrate (0.60%), acevaltrate (0.11%) and an unknown 
valepotriate (0.01%), all of which were detected at 255 nm. No monoene 
valepotriates were detected at 200 nm (the absorption maximum of didrovaltrate 
and offVHD. Valerenic acid and its derivatives were not detected either. 

From a phytochemical point of view, V. javanica does not resemble the 
Valeriana species used in Western countries. The main constituents of the 
essential oil of V. officina/is are bomyl acetate, valeranone, valerenal, valerianol 
and cryptofauronol, and that of the oil of V. wa/lichii, grown in Europe, is 
xanthorrhi.zol. In the oil isolated from commercial root samples of V. wailichii 
patchouli alcohol was found to be a major component. V. edulis contains only 
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Figure 2b. Mass spectrum of a.-kessyl alcohol (RI = 1660); mlz range 34-300 u; the 
spectrum was extended 50 times in the m/z range 224-300 u 
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very small amounts of essential oil (Bos et al., 1997f). 
Because of the presence of several kessane-like compounds in V. 

javanica, some phytochemical similarity exists with the Japanese species V. 
fauriei Briq. (Nishiya et al., 1995; Oshima et al., 1995). 

100~~--------------~--------------~------. 
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81 

108 126 

6 280 
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Figme 2c. Mass spectrum of a-kessyl acetate (RI = 1772); m/z range 34-300 u; the 
spectrum was extended 50 times in the m/z range 248-300 u 
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Chapter 7 

SEASONAL VARIATIONS OF THE ESSENTIAL OIL, 
V ALERENIC ACID AND DERIVATIVES, AND 

V ALEPOTRIATES IN V ALERJANA OFFICINALJS ROOTS AND 
RHIZOMES, AND THE SELECTION OF PLANTS SUIT ABLE 

FOR PHYTOMEDICINES7 

Introduction 

For the production of valerian based phytomedicines that are used as mild 
sedatives, Valeriano officina/is L. s.l. , Valerianaceae, is the species included in 
the European Pharmacopoeia (Anonymous. 1997). The biological activity of 
valerian is ascribed to valerenic acid and derivatives, which are characteristic of 
V. officina/is, and to valepotriates, that are also fmmd in other valerian species. In 
addition, the essential oil may contribute to the sedative effect (Bos et al. , 1994; 
1996). According to the European Pharmacopoeia, the crude drug Va/erianae 
radix, which consists of the dried roots and rhizomes of V. officina/is, contains 
not less than 0.5% (v/w) of essential oil. It is expected that in the near future also 
a demand for valerenic acid and derivatives will be included in the monograph on 
Valerianae radix. 

The Netherlands plays an important role in the cultivation of V. 
officinalis. It was the aim of the present study to get insight into the seasonal 
variation of the characteristic groups of secondary metabolites of this plan~ and 
to determine the optimum harvest time for the roots and rhizomes. Furthermore, a 
selection programme was initiated in order to improve the quality of the plant 
material with regard to its essential oil content as well as to its contents of 
valerenic acid and derivatives, and of valepotriates. 

7This chapter is based on: 
Bos R, Woerdenbag HJ, VanPutten FMS, Hendriks H, Scheffer JJC (1997) Seasonal 
variation of the essential oiJ, valerenic acid and derivatives, and valepotriates in 
Valeriano officina/is roots and rhizomes, and the selection of plants suitable for 
phytomedicines. Planta Med., in press. 
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Materials and methods 

Plant material 
Seeds of V. officina/is L. s.l. were obtained from the Verenigde Nederlandse 
Knridencoaperatie ua (VNK), Elburg, The Netherlands. In all experiments, seeds 
were sown in a glass house in the second half of March, and the small plants 
were transferred in the open in the second half of May, in an experimental garden 
ofVNK in Elburg. The soil was sandy, with a pH of 5.6. The planting distance 
was 50 x 30 em. Voucher specimens of the plants from the various experiments 
have been deposited at the Department of Pbmnaceutical Biology, University 

Centre for Pharmacy, Groningen. 

Seasonal variation 
In the season 1989-1990, V. officina/is plants were investigated for their contents 
of essential oil, valerenic acid, acetoxyvalerenic acid, valtrate and isovaltrate. 
One field was sown in the spring of 1989, and the plants were harvested from 
August 1989 until Apri11990. Another field was sown in the spring of 1988, and 
the plant material was harvested from April 1989 until February 1990. Once a 

fortnight, ten plants were collected for analysis. 
In the spring of 1990, 1991 and 1992, plants were raised as described 

above. Harvesting of the subterranean parts was started in August of the year in 
which the seeds were sown, and continued until April of the subsequent year. In 
all cases, once a fortnight ten plants were collected; subsequently the subter
ranean parts were washed, dried for 10 days at room temperature, and then 
investigated for their contents and composition of essential oil, valerenic acid and 

derivatives, and valepotriates. 

Selection of planJ material 
In the spring of 1989, seeds of five V. officina/is strains, 8545-1,8570-1 , 8570-3, 
8545-pJ and 8570-pl, selected from earlier breeding experiments (in the early 
1980s) by VNK, were sown. Plants were harvested mid September of the same 
year, and the subterranean parts were investigated for their contents and 
composition of essential oil, valerenic acid and derivatives, and valepotriates. 

In the spring of 1990, seeds of plants from the five strains, which were 
selected from the 1989 experimental field, were sown and the plants were earned 
in September of the same year. A total of 445 samples was analysed for their 
valerenic acid content Of 64 samples selected on the basis of a high valerenic 
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acid content, the essential oil content was also determined and the composition of 

the oil investigated. For one strain, a valerenic acid content ~0.4% was the 
criterion for selection, for the other four strains a content ~0.3%. 

In 1992 and 1993, respectively, 24 and 201 individually selected plants, 
based on the selection programmes of 1989 and 1990, were investigated. The 
essential oil content, and composition, the amount of valerenic acid and 
derivatives, and that of the valepotriates were determined. ln addition. the 
extractable matter was determined. 

Isolation of essential oil 
Each essential oil sample was isolated as described in chapter 4. 

Chromatographic procedures 
GC and GC-MS analysis were carried out as described in chapter 4. Valerenic 
acid and derivatives, and valepotriates were analysed by HPLC as described in 

chapter 3. 

Results and discussion 
Seasonal variation 
In order to get a first impression of the seasonal variations in essential oil, 
valerenic acid and derivatives, and valepotriates, subterranean parts of one-year 
and two-years old valerian plants were investigated in the season 1989-1990. 
One field was sown in spring 1989, the other field one year earlier, as described 
above. The essential oil content of the one-year old material ranged from 1.3% to 
2.1% (v/w; based on dry weight) and was somewhat higher than that of the two
years old material, which ranged from 0.9% to 1.8%. The same pattern was 
observed for valerenic acid and derivatives, and for the valepotriates. The total 
content of valerenic acid and acetoxyvalerenic acid lay between 0.3% and 0.9% 
for the one-year old material and between 0.1% and 0.6% for the two-years old 
material The total valtrate and isovaltrate content in the one-year old material 
varied between <0.1% and 1.1 %, and in the two-years old material between 0.1 % 
and 0.8%. In these experiments only a very low content (<0.05%), or even a 
complete absence, of hydroxyvalerenic acid was found, which is consistent with 
earlier findings (Hansel and Schulz, 1982). The presence of hydroxyvalerenic 
acid is considered to be an artefact, resulting from improper drying procedures 

(Bos et al., 1996). . 
In Figure 1, the variation in the essential oil content as well as m the 
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contents of valerenic acid and derivatives, and of valepotriates for the season 
1989-1990 is shown for the plants sown in 1989. As can be seen, the highest 
essential oil content was found in September-November with a second maximum 
in March. The highest contents of valerenic acid and derivatives, and of the 
valepotriates were fmmd in February and March, respectively; thereafter the 
contents of these compounds decreased again. These results are representative of 
the results obtained in all years under study, with only small variations from year 
to year. The composition of the essential oil remained more or less constant over 
the whole vegetation period ( 1989-1990), which was also representative of all 
years under study. The main constituents were valeranone {10-21%), crypto
fauronol (5-12%), valerenal (2-5%), valerianol (1-6%) and bomyl acetate (1-
3%). 

In order to get a more detailed insight into the seasonal variation of the 
characteristic secondary metabolites and with the aim of fwther selection, a more 
extended investigation programme was started, that lasted for three years. In 
early spring of each year 1990, 1991 and 1992, seeds of a V. officina/is strain 
were sown. Harvesting was started between mid August and the beginning of 
September of the first year, and was continued until the last week of April of the 
subsequent year. In Figw-e 2 the essential oil content for all years under study is 
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Figure l . Seasonal variation of tbe contents of essential oil r!, valerenic acid and 
derivatives .. and valepotriates 0 in Valeriana officina/is 
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shown. Despite marked variations from year to year, it can be concluded that 
maximum contents of essential oil in the subterranean parts of V. officina/is were 
found in September, ranging from 1.2% to 2.1 %. 

For valerenic acid and derivatives, and for the valepotriates the 
maximum contents were found in February-March: 0.7-0.9% for vaJerenic acid 
and derivatives (Figure 3) and 1.1-1.4% for the valepotriates (Figure 4). 

Thus, when the content of valerenic acid and derivatives is considered 
the best-quality parameter for the drug, the plant should be harvested in 
February-March. For the essential oil content, the periods September-November 
and March are the best harvest times. Taking into account that harvesting of the 
subterranean parts in the winter period may give more difficulties, September 
may be preferred as the harvest time. 

Selection of plant material 
In continuation of a selection programme carried out in the early 1980s, that was 
mainly directed to the essential oil of valerian roots and rhizomes (Bos et a/. , 
1986a), we conducted a new and more extensive programme in order to improve 
the quality of the plant material not only with respect to the essential oil but also 
to valerenic acid and derivatives. 

2.5 

2.0 

1.5 
% 

1.0 

0.5 

0.0 
1989-1990 1~1991 1991-1992 1992-1993 

season 

Figure 2. Content of essential oil in subterranean parts of Valeriana officina/is plants 
harvested in September !:!, January I and March 0 of four subsequent seasons 
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Figure 3. Content of valerenic acid and derivatives in subtemmean parts of Valeriano 
officina/is plants harvested in September II, January • and March 0 of four subsequent 
seasons 
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Figure 4. Content of valepotriates in subternmean parts of Valeriano officina/is plants 
harvested in September 8, January • and March 0 of four subsequent seasons 
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The selection programme was started in 1989. After harvesting in rnid 
September, the subterranean parts of five V. officina/is strains were investigated 
for their essential oil content, as well as for valerenic acid and derivatives, and 
valepotriates. In all cases a part of the roots and rhizomes was dried for 52 h at 
50°C (VNK, Elburg), and another part was dried for 10 days at room temperature 
(about 200C, University Centre for Pharmacy, Groningen). The results are given 
in Table 1. 

Drying of the plant material at the higher temperature, which is the 
standard procedW'e at the experimental garden of VNK, resulted in a reduction of 
the essential oil content of up to 50%. In contrast, no marked differences were 
found in the content of valerenic acid and derivatives when both drying methods 
are compared. In the composition of the essential oils isolated from root material 
dried at room temperature and from the material dried at 50°C, large differences 
were not found, although there was a tendency of loss of a part of the most 
volatile monoterpenes after drying at the higher temperature. The valepotriate 
content of the material dried at room temperature was, with the exception of one 
strain, about 50% lower than that of the material dried at 50°C. During the 
'slower' drying period the decomposition of valepotriates is likely to start. These 
compounds are known to be (thermo)labile, and they easily decompose, yielding 
baldrinals, in the presence of water (Bos et al. , 1996; chapter 3). 

From plants of these five strains, seed was collected and sown in the 
spring of 1990. Harvesting took place in the autwnn of the same year. A total of 
445 individual plants was investigated for the content of valerenic acid that was 
subsequently used as a selection marker; for strain 8570-1 a content of 0.4%, and 
for the other four strains a content of0.3% was the minimum. The strains 8545-1 

and 8570-3 yielded the largest number of plants with a valerenic acid content~ 

Table I . Contents of essential oil, valerenic acid and derivatives, and valepotriates of five 
V a/eriana officina/is strains grown in 1989 (in %, based on dry weight) 
Strain Essential oil Valerenic acids Valerenic acid' Valepotriates6 

[I] [2] [I] [2] [I] [2] (I] [2] 
8545-1 1.21 1.69 0.31 0.36 0.51 0.55 0.05 0.03 
8570-l 0.90 1.45 0.14 0.12 0.50 0.53 0.20 0.08 
8570-3 0.80 1.67 0.40 0.44 0.58 0.65 0.15 0.10 
8545-pl 0.75 1.51 0.16 0.15 0.24 0.22 0.02 0.02 
8570-pl 1.01 2.13 0.37 0.23 0.53 0.57 0.10 0.04 
a.rotal content of valerenic acid and acetoxyvalerenic acid; 6total content of valtrate and 
isovaltrate;.[l]dried at 500C for 52 h; [2]dried at room temperature (200C) for 10 days. 

135 



0.3%: 190/o and 17%, respectively. For the strains 8570-1 and 8545-pl this was 
14% and 12%, respectively. Strain 8570-pl yielded the smallest number of plants 
with a high valerenic acid content: only 90/o. In Table 2 the mean valerenic acid 
content of all 445 individual plants from the five strains, as well as the mean 
valerenic acid content and the mean essential oil content of the selected plants of 
the five investigated strains is given. No relationship was seen between the 
essential oil content and the content of valerenic acid, and the same was true for 
that of valerenal (data not shown). A high oil content was no guarantee for a high 
valerenic acid and/or valerenal content, and vice versa. 

ln 1992, 24 individual plants were examined for their essential oil 
' 

valerenic acid. and valepotriate contents. 1be mean essential oil content was 
0.85% on a dry weight basis. 1be mean valerenic acid content was 0.45%, and 
the mean valepotriate content 0.74% (Table 3). 

In September 1993, 201 individual plants selected from the five earlier 
mentioned strains were investigated for their contents of essential oil, valerenic 
acid as well as valepotriates. Also one of the criteria mentioned in the European 
Pharmacopoeia, namely the extractable matter (minimum 15%), was determined. 
The essential oil content lay between 0.38% and 1.28%, with a mean of 0.87%. 
V aleranone, one of the main components, was present in the oil in amounts 
between 4.3% and 20.2%. Valeriano! {l.So/o-10%) as well as cryptofauronol 
(O.So/o-24.90/o) and valerenal (3.7o/o-ll%) were the other main components. In 
some of the oil samples investigated, there were only small quantitative 
differences with respect to valeranone, valerianol, cryptofauronol and valerenal. 
In these cases, it was not possible to indicate to what kind of 'chemotype' the 
plant belonged. We reported earlier that both the content of essential oil and its 
composition may strongly differ from plant to plant In 1986, we distinguished 
four 'chemotypes', a valeranone, a valerenal, a cryptofauronol and an, at that time 

Table 2. Mean value of the contents ofvalerenic acid and essential oil of five Valeriano 
officina/is strains gro\W in 1990 (m %, based on dry weight) 
Strain Valerenic acid• Valerenic acid6 Essential oil6 

8545-1 0.22 (n- 72) 0.43 (n - 14) 1.26 (n = 14) 
8570-1 0.28 (n = 104) 0.45 (n = 15) 1.04 (n = 15) 
8570-3 0.19(n=98) 0.41 (n= 17) 1.21 (n= 17) 
8545-p1 0.19 (n = 91) 0.37 (n = 11) 1.03 (n = 11) 
8570-pl 0.17 (n = 80) 0.38 (n = 7) 1.10 (n -7) 
'All plants; 6plants with a valerenic acid content~ 0.4% (8570-1) or~ 0.3% (8545-1 
8570-3, 8545-pl and 8570-pl). ' 
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Table 3. Development of the contents of essential oil, valerenic acid, valepouiates and 
extra~table ~ner of plants from five Valeriano officina/is strains during the breading 
expenments (m %, based on dry weight) 
Year Essential oil Valerenic acid Valepouiates Extractable 

matter 
1989 1.69 0.26 0.05 n.a. 
1990 (n=64) 1.13 0.41 n.a. n.a. 
1992 (n=24) 0.85 0.45 0.74 n.a. 
1993 (n=201) 0.87 0.48 0.85 30.1 
1Mean of the five strains; n.a. = not analysed. 

unknown, sesquiterpene alcohol type. Meanwhile we have identified this 
sesquiterpene alcohol as being valerianol (Bos et a/., I986a; 1997c; chapter 4 ). 
Generally the bomyl acetate content was low, ranging from 0.8% to 6.5%. The 
valerenic acid content lay between 0.20% and 0.72%. with a mean of 0.48%. In 
only 3.5% of the investigated samples the valerenic acid content was less than 
0.3%. The valepotriate content varied from 0.51% to 1.63%, with a mean of 
0.85%. The extractable matter had a mean value of 30.1% and thus amply met 

the demand in the European Phannacopoeia. The results of the experiments 
carried out between 1989 and 1993 are summarized in Table 3. 

In conclusion, it can be stated that the selection procedures described in 
this chapter, yielded plant material harvested in September with a decreasing 
essential oil content, from 1.7% in 1989 to 0.87% in 1993, as well as an 
increasing content of valerenic acid, from 0.26% to 0.48% over the years. The 
relevance of breeding experiments becomes clear from the following data 
concerning the production of Va/erianae radix in The Netherlands. In the season 
1983-1984, 40 tons of V aierianae radix were harvested, in 1986-1987 30 tons, 
and over the period 1990-1994 only 50-60 tons. In the same time a large amoWlt 
of plant material, mostly of low quality and very cheap, came from several 
countries in Eastern Europe. The last two years, however, Va/erianae radix with 
a high quality is demanded, e.g. with a minimum essential oil content of 0.5% 
and a valerenic acid content of at least 0.3%. This quality can only be met by 
continuous and rigorous selection programmes. As a result, the production of 
Valerianae radix in The Netherlands rose to 120 tons in 1995; the expectation 
for 1996 was 130 tons, but due to the dry and windy spring, a part of the 
germinated seeds was blown away, so that only 80 tons were earned. The 
expectations for the next three years are as much asl20, ISO and 200 tons, 

respectively. 
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Chapter 8 

CYTOTOXIC POTENTIAL OF VALERIAN CONSTITUENTS 
AND VALERIAN TINCTURES8 

Introduction 

Valerian based phytomedicines are employed as antianxiety agents and 
sleep aid. For the preparation of these mild sedatives the subterranean parts of 
three Valeriano species, namely V. officina/is L. s./., V. wallichii DC. and V. 
edulis Nutt ex Torr. & Gray ssp. procera (H.B.K.) F.G. Meyer, are commonly 
used. Considerable differences are found with respect to the pattern and content 
of secondary metabolites in the roots and rhizomes of these species. 
Consequently, also the various phytomedicines available on the market differ in 
composition (chapters 1 and 3 ). 

Valepotriates and valerenic acid and derivatives thereof are considered 
as the active constituents of valerian, although this is not fully evidenced despite 
numerous pharmacological studies (for reviews see: Houghton, 1988; Morazzoni 
and Bombardelli, 1995: Bos eta/., 1997a). Valerenic acids. i.e. valerenic acid, 
acetoxyvalerenic acid, hydroxyvalerenic acid and methyl valerenate. are 
characteristic of V. officina/is, while valepotriates are also found in other 
Valeriana species (chapters 4 and 7). 

Valepotriates possess alkylating properties, for which mainly the epoxy 
group is responsible. Several studies report on the cytotoxicity and mutagenicity 
of valepotriates in in vitro cell systems, and inhibition of DNA and protein 
synthesis in in vitro cultured mammalian cells have been described (Bounthanh 
et al., 1981 ; 1983; Von der Hude et a/., 1985; 1986; Hansel, 1990; 1992; 
Keochantbala-Bounthanh et al., 1990; 1993). Cytotoxic and mutagenic effects 
have also been described for baldrinals (Bounthanh eta/., 1981 ; Braun eta/., 
1986; Von der Hude et al., 1986; Dieckmann, 1988). 

The aim of the present study was to investigate the cytotoxic potential of 
characteristic valerian constituents in two in vitro cultured hwnan tumour cell 

8This chapter is based on: 
Bos R, Hendriks H, Scheffer JJC. Woerdenbag HJ {199711998) Cytotoxic potential of 
valerian constituents and valerian tinctures. Phytomedicine, in press. 
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lines, and to compare the cytotoXIcity of all compounds under similar 
experimental conditions. The compounds tested were valerenic acid, 
hydroxyvalerenic acid, acetoxyvalerenic acid and methyl valerenate, the 
valepotriates valtrate, isovaltrate, acevaltrate, didrovaltrate and IVJID, and their 
decomposition products baldrinal, homobaldrinal and isovaltral. Additionally, 
freshly prepared and stored tinctures, made from underground parts of V. 
officinalis, V. edulis and V. wallichii, were included in the tests. The cytotoxicity 
of these tinctures is evaluated in relation to their chemical composition. 

MJaterial aad methods 
Plant material 

Subterranean parts of V. officina/is L. s.l. were obtained from the 
V erenigde Nederlandse KruidenC<>Operatie ua, Elbmg, The Netherlands. 
Subterranean parts of V. wallichii DC. and V. edulis Nun. ex Torr & Gray ssp. 
procera (H.B.K.) F.G. Meyer were obtained from H. Finzelberg's Nachfolger 
GmbH & Co. KG, Andemach, Germany. Voucher specimens have been 
deposited at the Department of Phannaceutical Biology, University Centre for 
Phannacy, Groningen. 

Test compounds 
V altrate, isovaltrate, acevaltrate and didrovaltrate were isolated from V. 

edulis ssp. procera and purified as described in chapter 3. Isovaleroxyhydroxy
didrovaltrate (IVHD) was obtained from LAT GmbH Dr. Tittel (Munich, 
Germany). 

Baldrinal and homobaldrinal were prepared from valtrate and isovaltrate, 
respectively. Briefly, of each valepotriate 1 g was dissolved in 25 m1 of ethanol
water 60:40 and left at room temperature for 2 weeks. After removal of the 
solvent under vacUUill, the residue was taken up in hexane, while a dark-brown 
amorphous mass was left behind. The latter probably consisted of polymerization 
products. The hexane solution of the residue was subjected to preparative TLC 
using silica gel, with methylene chloride-ethyl acetate-acetone 48: 1: 1 as the 
mobile phase. This yielded baldrinal and homobaldrinal. Isovaltral was isolated 
as a decomposition product of isovaltrate (Denee eta/., 1979). 

V alerenic acid and acetoxyvalerenic acid were isolated from V. 
officina/is as described in chapter 2. Hydroxyvalerenic acid was prepared by 
saponification of acetoxyvalerenic acid with a 100~ solution of KOH in ethanol. 
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Methyl valerenate was synthesized from valerenic acid using diazomethane 
(chapter 2). 

The identity and purity of all test compounds were checked by various 
spectroscopical and chromatographic techniques (chapters 2 and 3). 

Tinctures 
Tinctures from subterranean parts of V. officina/is, V. wal/ichii and V. 

edulis ssp. procera were prepared by percolation of I part of ground plant 
material with 5 parts of ethanol [70%. v/v ], according to the German 
Pharmacopoeia, Anonymous, 1993b). A part of the freshly prepared tinctures 
was immediately frozen at -20°C until analysed and tested for cytotoxicity. 
Another part was first stored at room temperature for 2 months before the assays 
were carried out. 

Analytical procedures 
Valerenic acid and derivatives, valepotriates and baldrinals, in plant 

material and in the tinctures, were analysed by HPLC as described in chapter 3. 
The detection of valerenic acid and derivatives was at 220 run, of valepotriates at 
200 run (monoene type) or 255 run (diene type). and of baldrinals at 424 run 
(baldrinal, homobaldrinal) or 254 run (isovaltral). Calibration curves were run 
with isolated reference compounds. 

Cell lines 
GLC4, a human small-cell lung cancer cell line, was derived from a 

pleural effusion at the Department of Oncology, University Hospital Groningen. 
The Netherlands (Meijer eta/., 1987). The COLO 320 cell line was isolated from 
a moderately undifferentiated adenocarcinoma of the human colon (Quinn et a/. , 
t 979). Both lines are routinely cultured at the Department of Pharmaceutical 
Biology, Groningen. They are grown in suspension culture, partly floating and 
partly attached, in RPMJ 1640 medium with 25 m.M HEPES buffer with L
glutamine (Gibco, Paisly, UK), supplemented with 10% foetal bovine serum 
(Gibco) plus 200 J.lg/ml streptomycin and 200 fiJ/ml penicillin G (Gibco). They 
were maintained at 37°C in a humidified atmosphere with 5% C02. The doubling 
time was 18-21 h for GLC4 and 13-15 h for COLO 320. Cells were in the 
exponential phase of growth at the moment of testing. The viability of the cells 
used in the experiments exceeded 95% as determined with trypan blue. 
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Cytotoxicity assay 
Cytotoxicity after treatment of the tumour cells with the test compounds 

or the tinctures was determined using the microculture tetrazolium (MIT) assay. 
This assay is based on the reduction of the soluble MIT [3-( 4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide] into a blue-purple formazao product, 
mainly by mitochondrial reductase activity inside living cells (Carmichael eta/., 
1987). The number of cells was found to be proportional to the extent of 
fonnazan production for the cell lines used in this study. 

Concentrated stock solutions (200 x) of the test compounds were made 
in dimethyl sulphoxide (DMSO) and stored at -20°C. The compounds were 
tested for cytotoxicity in concentrations up to 200 f.1M. The tinctures were diluted 
with culture medium; the lowest dilution tested was 1:100. The small amount of 
DMSO or ethanol present in the wells (maximal 0.5%) was proved not to affect 
the experiments. Cisplatin (ci.s-dichlorodiammine-platinum(D)), used as a 
reference cytostatic drug, was obtained from Aldrich (Milwaukee, WI, USA). It 
was dissolved in water immediately before use. 

The cytotoxicity assay was carried out as recently described (Middel et 
al., 1995; Woerdeobag et al., 1996). Briefly, tumour cells were incubated with a 
range of concentrations of test compounds in microtiter plates (Greiner, Alphen 
aid Rijn, The Netherlands) at 37°C in a hwnidified incubator with 5% C02 for a 
culture period of 4 days. After adding a solution of MIT (Sigma, St. Louis, MO, 
USA; 5 mglml in PBS (phosphate buffered saline; Gibco )), the amount of 
formazan formed was measured spectroscopically at 515 nm using a Bio-Tek 
Instnunents wri.versal plate reader (Winooski, VT. USA). Cell growth was 
calculated using the formula: [Am (treated cells)- Am (culture medium)] x 100 I 
[(Am (control cells) - Am (culture medium)]. The ICso value (concentration of 
the test compound or dilution of the tincture causing 50% growth inhibition of 
the tumour cells) was used as a parameter for cytotoxicity. 

Statistics 
ICso values were calculated using the computer programme 

GraphPadPrism with nonlinear regression and sigmoidal dose response (variable 
slope) curve fitting. Standard errors with 95% confidence interval are given. 

For comparison of the results of the experiments the paired Student's t
test was used. A ~value <0.05 was considered significant. All cytotoxicity tests 
were carried out in triplicate. 
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Results and discussion 

In Table 1 the ICso values of characteristic valerian constituents are 
listed, as determined against GLC4, a human small-cell lung cancer cell line, and 
against COLO 320, a human colorectal cancer cell line, using the microculture 
tetrazolium (MTT) assay; however, the MIT assay does not differentiate 
between inhibition of cell proliferation and cytotoxicity in terms of cell death. 
Valepotriates of the diene type (valtrate, isovaltrate and acevaltrate) displayed 
the highest toxicity, with ICso values slightly higher than those of the reference 
cytostatic drug cisplatin (GLC4: 1 ~; COLO 320: 3 JJM). The monoene type 
valepotriates (didrovaltrate and IVHD) were 2- to 3-fold less toxic. Baldrinal, a 
decomposition product of valtrate and acevaltrate, and homobaldrinal, a 
decomposition product of isovaltrate, were 10- to 30-fold less toxic than their 
parent compounds. By contrast, isovaltral, which also originates from isovaltrate, 
displayed a cytotoxicity even higher than that of the valepotriates. V alerenic acid 
and its derivatives (acetoxyvalerenic acid, hydroxyvalerenic acid and methyl 
valerenate), which are only present in V. officinali.s, possessed a low toxicity with 
ICso values between 100 flM and 200 flM. COLO 320 was significantly (p<0.05) 
more resistant to the valepotriates and bald.rinals than GLC4• For valerenic acid 

Table I. Cytotoxicity of valerian constituents [IC50 values (flM) ± standard error (95% 
confidence interval); n = 3] 

GLC4 COLO 320 
Va/epotriates 
- diene type 
Valtrate 1.4 ± 0.1 3.0± 0.3 
lsovaltrate 2.5 ± 0.1 5.4± 0.5 
Acevaltrate 1.3 ± 0.1 3.6±0.2 
- monoene type 
Didrovaltrate 8.9 ± 0.4 15.2±0.8 
lsovaleroxybydroxydidrovaltrate 2.4 ± 0.2 7.2±0.2 
Baldrinals 
Baldrinal 53±2 Ill± 5 
Homobaldrinal 31 ±2 57±10 
lsovaltral 0.4 ± 0.1 1.2 ± 0.1 
Va/erenic acid and derivatives 
V alerenic acid 127±9 124±8 
Acetoxyvalerenic acid 111 ± 8 124± 7 
~droxyvalerenic acid 123 ± 4 165± 3 

ethyl valereoate 115 ± 2 183± 14 
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and its derivatives this difference in sensitivity of the cell lines was less 

pronounced or absent. 
For several essential oil components of valerian, including valeranone, 

kessoglycyl monoacetate, kessoglycyl diacetate, cryptofauronol, patchouli 
alcohol and maaliol, cytotoxic effects comparable to valerenic acid and its 
derivatives were f01md (data not given). 

In Table 2 a swvey is given of the contents of characteristic valerian 
constituents in the plant material and in freshly prepared and stored tinctures. 
Extraction of the plant material (10 g) with methanol (3 x 30 ml) was exhaustive 
with respect to the compounds listed. The tinctures, prepared with 70% ethanol, 
contained considerably less of the constituents. Compared with the methaoolic 
extract, the recovery of valerenic acid and acetoxyvalerenic acid in the tincture of 
V. officinal is was about 500/o. Hydroxyvalerenic acid was not extracted at aU with 

700/o ethanol. The recovery of valepotriates in the fresh tinctures was between 
500/o and 800/o. The fresh tinctures of V. wallichii and V. edulis ssp. procera 
already contained more baldrinals than the crude plant material, indicating that 
the decomposition of valepotriates already took place during the percolation 

procedure. 
Following a storage period of 2 months, most of the valepotriates 

originally present in the tinctures had decomposed (Table 2). This was reflected 
in a significant reduction of the cytotoxic effect of the stored tinctures as 
compared with the corresponding fresh ones. The decomposition of the 
valepotriates did. however, not result in a concomitant rise of the baldrinal 
content.lsovaltral was not detected at all in the tinctures. 

In Table 3 the dilutions of the tinctures causing 500/o effect in the MTT 
assay are given, as well as the ratio between the cytotoxicity of the fresh and 
stored tinctures. The higher this ratio, the more decomposition of valepotriates 
had occurred upon storage. The fresh tincture of V. edulis ssp. procera, having 
the highest valepotriate content, had the highest cytotoxicity; the fresh tincture of 
V. officinalis, with a low valepotriate content, was least toxic. After storage, the 
largest reduction in cytotoxicity was found for the tinctures of V. officina/is and 
V. edulis ssp. procera. 

In the present study the cytotoxicity of the characteristic valerian 
constituents is compared in one test system, which might be helpful in evaluating 
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Table 3. Cytotoxicity of vaJerian tinctures, freshly prepared from subterranean parts of 
Valeriano officina/is, V. wa/lichii and V. edulis ssp. procera, and after a storage period of 
2 months [ICso values ± standard error (95% confidence interval); n = 3; in terms of the 
dilution causing 500/o effect in the MTT assay] 

Fresh (F) Stored (S) ratio F:S 
V. officina/is 1221 ±41 329 ± 8 3.7 
V. wa/lichii 3501 ± 338 2663±83 1.3 
V. edulis 9364±329 1983::1:76 4.7 

COL0320 
Fresh (F) Stored (S) ratio F:S 

V. officina/is 582 ± 15 152±4 3.8 
V. wa/lichii 1425 ::1:61 1240 ± 65 1.1 
v. edulis 4662±263 1132 ::1:77 4.1 

the safety of phytomedicines containing these compotmds. For the production of 
solid oral dosage forms (capsules, fihn-coated tablets), V. officina/is, V. wallichii 
and V. edulis ssp. procera are used. From V. officina/is also tinctures and teas are 
prepared. Phytomedicines that are standardized on valepotriates are mostly 
prepared from V. wallichii and V. edulis ssp. procera, because these species are 
relatively rich in valepotriates (Wichtl 1989, Bos et al. , 1992). 

The dien.e valepotriates were significantly more toxic than the monoene 
valepotriates (Table 1 ). 1bis can be explained in relation to their reactivity: diene 
valepotriates decompose upon storage, whereas the moooeoe valepotriates 
remain stable (Table 2). Despite the decomposition of the diene valepotriates, as 
seen in the stored tinctures, the amounts of baldrinals formed are low. It is 
suggested that they react further to yield yet unknown products (chapters 1 and 
3). 

Comparing the data from the Tables 2 and 3, a clear relationship is seen 
between the valepotriate content of a tincture and its cytotoxicity. The amount of 
valepotriates present in the dilution of a tinctwe causing 50% effect in the MIT 
assay, was in all cases between 0.3 and 0. 7 mglml, as calculated from the data in 
these tables. The ICso values of valtrate, isovaltrate and didrovaltrate were 0.6, 
1.0 and 3.4 f,lg/ml, respectively. 1bis means that most of the cytotoxic effect of 
the valerian tinctwes can be attributed to the presence of valepotriates. 

The valepotriates are alkylating agents, and the epoxy group is 
responsible for this property. They are supposed to display cytotoxic effects by 
interacting with thiol-containing enzymes. The addition of compounds with free 
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thiol groups (e.g. cysteine and glutathione) has been found to counteract the 
cytotoxicity of valepotriates in cultured hepatoma cells (Keochanthala
Bouothanh et a/., 1990). This indicates that intracellular biological nucleophiles 
are able to protect the cell against the cytotoxic effect of valepotriates, by 
covalent and non-covalent binding. COLO 320 has higher cellular gluthathione 
levels than GLC4, and therefore possesses a higher capacity to detoxify alkylating 
agents (Woerdenbag eta/., 1994). This may explain the difference in sensitivity 
between the cell lines for the valepotriates as well as for the reference cytostatic 
drug cisplatin. In addition, valepotriates have been found to inhibit the synthesis 
of DNA and of proteins (Keochanthala-Bounthanh eta/., 1993). 

It is, however, Wlclear to what extent the cytotoxic effects of 
valepotriates and, to a lesser extent, of baldrinals are relevant for humans after 
ingestion of valerian preparations. Nevertheless, more and more preference is 
given to valerian preparations that are devoid of these potentially hazardous 
constituents (De Smet and Vulto, 1988; Hansel. 1992). A tincture of V 
officina/is stored for at least 1-2 months may therefore be preferred over 
valepotriate-rich phytomedicines. 
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Final remarks and perspectives 

Phytomedicines are complex mixtures of substances, and crude plant 
material used for their preparations may vary considerably in its content of active 
ingredients. Additional alterations of plant constituents may be induced by the 
manufacturing process of phytomedicines. Therefore the demands of the 
manufacturer can only be met by a comprehensive quality control. This control 
should include the crude plant material, the manufacturing process as well as the 
standardized final product. It is recommended, also with respect to valerian based 
phytomedicines, that not only the identity of the plant material and the extraction 
procedure should be documented, but also the amount of the components present 
in the preparations on which they may eventually be standardized. The HPLC 
method described in this thesis is suitable for these purposes and can be used as a 
further starting point for an improved monograph on valerian in the next edition 
of the European Pharmacopoeia. 

In the near future, registration of phytomedicines will become obligatory 
in the countries of the European Union. Reliable data on the chemistry, 
pharmacology, toxicology and clinical effectiveness of valerian will thus be 
needed. Despite the broad use of valerian based phytomedicines, especially well
conducted clinical studies are scarce. 

In addition, selection and breeding programmes will also be necessary in 
the future, in order to guarantee a continuous supply of plant material of high 
quality. For the production of valerian, seeds with a high germination capacity 
are necessary. Of further importance is a large production (yield; kg/ha) of 
subterranean parts. High-quality valerian should have an essential oil content of 

l.0-1.5%, a valerenic acid content of~ 0.5% and an extractable matter of~ 30%. 
For harvesting purposes, the plant material should have a small rhizome and a 
large amount of unbranched roots, which can easily be worked up. From an 
environmental point of view, seeds should be selected from plants which are 
more or less resistant against several types of mildew, and against Phoma and 
Venicil/ium dahliae. Also plant louse and thrips often cause damage to the plant 
material. It is important to use as little as possible pesticides. Heavy metals as 
lead and cadmium taken up from polluted environments are expected to give a 
rise of difficulties in the near future. 
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Summary 

In The Netherlands and in other European cotmtries the subterranean parts of 
three valerian species, namely Valeriana officina/is L. s.l., V. wallichii DC. and 
V. edulis Nutt. ex Torr. & Gray ssp. procera (H.B.K.) F.G. Meyer, are used as 
mild sedatives, but they show large differences with regard to their constituents. 
Consequently, phytomedicines prepared from these species show different 
chemical compositions. It is still not fully clear which constituents are 
responsible for the sedative action, but the valepotriates as well as valerenic acid 
and derivatives thereof are generally considered to contribute to it. In additio~ 
the essential oil may play a role in the biological activity of valerian. Quality 
assurance and quality control of the crude drug and its preparations should 
therefore be based on these groups of secondary metabolites. The aim of the 
studies described in this thesis was to characterize valerian species and valerian 
preparations with respect to their contents of valerenic acid and its derivatives, 
valepotriates, and essential oil components. 

In chapter l, botanical, chemical and analytical aspects related to the 
medicinally used valerian species are extensively reviewed as well as their use, 
pharmacology and toxicology. 

Phytochemical investigations of V. officina/is roots and rhizomes carried 
out in our institute during the last 25 years yielded several compotmds, including 
some new ones. The results of some of these investigations are described in 
chapter 2. From the essential oil and a methylene chloride extract from the 
subterranean parts of the plant a number of cyclopentane sesquiterpenoids have 
been isolated and identified. Valerenic acid, hydroxyvalerenic acid, 
acetoxyvalerenic acid and valerenal were already known constituents of this 
species. In addition to these compotmds, valerenol, a number of valerenyl esters. 
faurinone, (-)-pacifigorgiol and methyl valerenate were isolated and identified in 
our laboratory. 

In chapter 3, a high-performance liquid chromatography (HPLC) method 
with diode array detection is described, by which valerenic acid, and its 
derivatives hydroxyvalerenic acid and acetoxyvalerenic acid, as well as the 
valepotriates and their decomposition products baldrinal and homobaldrinal can 
be separated and measured in one rtm. Using this procedure. roots and rhizomes 
of V. officinalis were analysed. Furthermore, the influence of different ethanol
water mixtures, used as extraction liquid, on the composition of extracts of V. 
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officina/is is reported At an ethanol concentration of 30%, valerenic acid and its 
derivatives staned to be extracted, and at ethanol concentrations > 500/o the 
amounts of valerenic acid and its derivatives were more or less constant. 
V alepotriates were extracted only with ethanol concentrations > 700/o. 

The analytical procedure was also applied to a number of valerian based 
phytomedicines available on the Dutch market. Apart from the variation in crude 
drugs used, we found discrepancies with respect to standardization and to the 
maximum daily dosage. In most cases, only capsules bad been standardized with 
respect to valepottiates, whilst tinctures and film-coated tablets were often not 
standardized. Remarkable differences were found with respect to the maximum 
daily dose mentioned, varyina from 45 to 180 drops (2-8 ml), from 6 to 12 film
coated tablets, and from 3 (27.5 mg valepotriate/capsule) to 8 capsules (48 mg 
valepotriatelcapsule). The decomposition products baldrinal and homobaldrinal 
could only be detected in very small amounts in some of the capsules. 

In order to study the stability of the valepotriates and the formation of 
their decomposition products, each day samples of freshly prepared tinctures 
were analysed after storage at 4, 20 and 36°C for up to one month. In a solution 
with 700/o ethanol the concentration of valepotriates decreased to 300/o of the 
originalleve1 after a two-weeks storage period at 20°C, and almost nothing bad 
remained after 3-4 weeks, while the baldrinal content rapidly increased from 5% 
after 2 weeks to 85% after 3-4 weeks. Upon storage at 36°C the valepotriate 
content of the tincture decreased even more rapidly, but baldrinals were not 
detected. A large part of the baldrinals may react with other, yet unknown, 
constituents present in a tinctme and this may explain the lack of baldrinals in 
stored valerian tinctures. 

In the chapters 4, 5 and 6, studies on the essential oil composition of 
three valerian species are described. The investigations were performed by GC 
and GC-MS analysis. 

Chapter 4 deals with the volatile constituents from roots and rhizomes of 
Valeriana officinalis L. sl. and several closely related Valeriana taxa. Most of 
the seeds came from different botanical gardens in Europe, and plants were 
grown in an experimental field in The Netherlands. In addition, commercially 
available plant material ofDutch origin was investigated 

Y. officinalis is a collective species. Four subspecies were included in 
our study. The roots and rhizomes of 16 V. officina/is ssp. officina/is samples 
yielded 0.22-1.55% of essential oil. Oil components found in all samples were 
bomyl acetate (2-36%), myrtenyl acetate (trace-9%), nojigilru acetate (trace-
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0.8%), valerenic acid (0.3-3%), and a yet unidentified tertiary sesquiterpene 
alcohol with a retention index (RI) of 1597. The yield for two samples of V. 

officina/is ssp. col/ina was 0.78% and 0.85% of essential oil. The main 
components were bomyl acetate (22-24%), myrtenyl acetate (6-8%), camphene 

(4-7%), kessane (3-6%), p-eudesmol (4-5%) and a tertiary sesquiterpene alcohol 
(RI = 1622) amounting to 20%, which was present in one sample only. For seven 
samples of V. officina/is ssp. sambucifo/ia the yield of oil was 0.19-1.6%, with 
main components bomyl acetate (4-25%) and valerianol (3-34%). The only 
sample of V. repens yielded 0.34% oil, with bomyl acetate (13%), valerianol 
(19%) and kessane (8%) as the main components. 

Among the other (sub)species investigated in this study. the oil of V. 
ce/tica ssp. norica contained bomyl acetate (22%) and patchouli alcohol (5%). 
Patchouli alcohol was also present in the oil of the two samples of V. phu. 
together with y-patchoulene, patchoulyl acetate and a valerenal isomer ( 15-19% ). 
Valeranone (16%) was the main constituent of the oil of V. exa/tata. Bomyl 
acetate and valerianol were also present in the essential oils of the other related 

taxa studied. 
In addition, the subterranean parts were analysed by HPLC for valerenic 

acid and valepotriates. Although valerenic acid is recognized as a characteristic 
compound of V. officinalis, we also found this sesquiterpenoid in Valeriana taxa 
that are not considered as members of the collective species. It is concluded that 
either valerenic acid is not exclusive for the collective species V. officina/is, or 
the collective species should be extended with some other subspecies. In 
addition, the presence of valepotriates is reported in species that were not known 

to contain these compounds so far. 
In chapter 5, the volatile constituents isolated from roots and rhizomes of 

Valeriana wal/ichii DC. were investigated. The plant material was obtained from 
different sources, namely from a local market in Kathmandu (Nepal), from plants 
grown in The Netherlands and in Germany, and from commercially available 

material from different German importers. The various roots and rhizomes 
yielded between 0.09% and 1.3% essential oil. The main constituents of the oils 
from the plants grown in Europe were an unidentified sesquiterpene 

hydrocarbon, cx-santalene, ar-curcumene and xanthorrhizol. In the oils from the 
Nepalese material and from the commercially available roots, except in one 

sample, patchouli alcohol was the main component. 
Chapter 6 deals with the volatile constituents from roots and rhizomes of 

Yaleriana javanica Blume, grown in Indonesia. This material yielded 0.36% 
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essential oil Main constituents of the oil were a-kessyl acetate (36%), a-cedrene 
(15%), patchouli alcohol (190/o), kessane (7%), valeranone (3%) and bomyl 
acetate (3%). Root extracts were analysed by HPLC for valepotriates, and 
valerenic acid and its derivatives. The valepottiates included valtrate (2.2%), 
isovaltrate (0.6%) and acevaltrate (0.1%). Valerenic acid and derivatives were 
not detected. From a phytochemical point of view, V. javanica is not comparable 
with the Valeriana species used in Western comrtries. However, some similarity 
exists with the Japanese species V.fauriei Briq. 

In chapter 7, the seasonal variation in the contents of the essential oil, 
valerenic acid and derivatives, and valepotriates in V. officinolis roots and 
rhizomes, and the selection of plants suitable for phytomedicines are described 
During the seasons 1989-1993, subterranean parts of V. officina/is plants were 

investigated for their contents of essential oiL valerenic acid and derivatives, and 
valepotriates. Harvesting of the subterranean parts was started in August of the 
year in which the seeds were sown, and continued until the last week of April of 
the subsequent year. Despite usual variations from year to year, the maximwn 
contents of essential oil in the subterranean parts of V. officinolis were fmmd in 
September, ranging from 1.2% to 2.1%. Over the vegetation periods investigated, 
the composition of the oil remained more or less constant V alerenic acid and its 
derivatives, and the valepotriates reached their maximum amO\Dlts in Febnwy
March, with contents of 0. 7-().90/o and 1.1-1.4%, respectively. 

During the period 1989-1993, five V. officina/is strains were investigated 
for their contents of essential oil, valerenic acid and derivatives, and valepotriates 
in order to select plants suitable for pbytomedicines. The selection procedures 
descri~ eventually (in 1993) yielded plant material with a satisfactory content 
of essential oil (0.90/o) combined with a high content of valerenic acid and 
derivatives (0.5%) which could be harvested in September of the year of sowing. 

Characteristic constituents of three Valeriano species were tested for 
cytotoxicity against a human small-cell lung cancer cell line (GLC.), and against 
COLO 320, a human colorectal cancer cell line, using the microculture 
tetrazolium (MIT) assay as described in chapter 8. Valepotriates of the diene 

type displayed the highest cytotoxicity, with ICso values of 1~ ~· The 
monoene type valepotriates were 2- to 3-fold less toxic. The decomposition 
products of valepotriates, baldrinal and homobaldrinal, were 10- to 30-fold less 
toxic than their parent compounds but isovaltral had a higher cytotoxicity than its 
parent compound isovaltrate. Valerenic acid and its derivatives (acetoxyvalerenic 

acid, hydroxyvalerenic acid and methyl valerenate) sho-wed a low toxicity with 
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ICso values between 100 ~ and 200 ~· Freshly prepared and stored tinctures, 
prepared from roots and rhizomes of the three valerian species, namely V. 
officinolis s./., V. wallichii and V. edulis ssp. procera, were also tested for 
cytotoxicity. There was a clear relationship between the valepotriate contents of 
the freshly prepared tinctures and their toxicity. Upon storage, valepotriates 
decomposed, which was reflected in a significant reduction of the cytotoxic 
effect 
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Samenvatting 

In Nederland en in andere Europese Ianden worden de ondergrondse delen 
(wortel en wortelstokken) van drie valeriaansoorten, te weten Valeriana 
officina/is L. s.l., V. wallichii DC. en V. edulis Nutt. ex Torr. & Gray ssp. 
procera (H.B.K.) F.G. Meyer, gebruikt als uitgangsmateriaal voor mHde 
sedativa, hoewel zij kwalitatief en kwantitatief verschillen wat betreft hun 
inhoudsstoffen. Fytofannaca die bereid zijn uit deze valeriaansoorten, 
verschillen hierdoor ook in samenstelling. Tot op bed en is er niet eenduidig 
een stof of stofgroep aan te wijzen die voor de werking verantwoordelijk is, 
maar men denkt dat de valepotriaten alsook valereenzuur en valereenzuur
derivaten hiertoe zeker bijdragen. Ook de vluchtige olie kan een rol spelen bij 
de biologische activiteit van valeriaan. Kwaliteitswaarborging en 
kwaliteitscontrole van bet uitgangsmateriaal en van daaruit bereide preparaten 
moeten daarom gebaseerd zijn op deze groepen secundaire metabolieten. Het 
doel van bet in dit proefschrift beschreven onderzoek was bet karakteriseren 
van valeriaansoorten en valeriaanpreparaten met betrekking tot hun gehalte aan 
valereenzuur en valereenzuurderivaten, valepotriaten en vluchtige-oliebestand
delen. 

In hoofdstu.k 1 wordt een uitgebreid overzicht gegeven van de 
botanische, chemische en analytische aspecten van de valeriaansoorten die 
voor fytofannaca worden gebruikt. Tevens worden hun gebruik, fannacologie 
en toxiciteit besproken. 

Fytochemisch onderzoek van de wortels en wortelstokken van V. 
officina/is dat de afgelopen 25 jaar in ons instituut is uitgevoerd, heeft een 
aantal gei"soleerde - soms nieuwe - verbindingen opgeleverd. De resultaten van 
een aantal van deze studies zijn beschreven in hoofdstu.k 2. Uit de vlucbtige 
olie en uit een dichloormetbaanextract uit de ondergrondse delen van deze 
plant is een aantal cyclopentaan-sesquiterpenen gei"soleerd en gei"dentificeerd. 
Valereenzuur, hydroxyvalereenzuur, acetoxyvalereenzuur en valerenal waren 
reeds bekende verbindingen uit V. officina/is. In aansluiting hierop zijn 
valerenol, een aantal valerenylesters, faurinon, (-)-pacifigorgiol en methyl
valerenaat in ons Iaboratorium geisoleerd en gei"dentificeerd. 

In hoofdstuk 3 wordt een hoge-druk-vloeistofchromatografische 
methode (high-performance liquid chromatography, HPLC) met diode-array
detectie beschreven, waannee zowel valereenzuur, hydroxyvalereenzuur en 
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acetoxyvalereenzuur alsook de valepotriaten en hun ontledingsproducten 
baldrinal en homobaldrinal gescheiden en gemeten kunnen worden in een 
enkele analyse. Gebruikmakend van deze methode werden de ondergrondse 
delen van V. officinal is geanalyseerd. T evens werd de invloed van 
verschillende ethanol-watermengsels die als extractievloeistof werden 
gebruikt, op de samenstelling van de V. officinalis-extracten onderzocbt. Eerst 
bij een ethanolgehalte ~ 30% werden valereenzuur en zijn derivaten 
geextraheerd, en bij een ethanolgehalte > 50% bleef de geextraheerde 
hoeveelheid valereenzuur en derivaten nagenoeg constant. V alepotriaten 
werden slechts geextraheerd bij een ethanolgehalte > 70%. 

De analysemethode is ook toegepast voor de analyse van een aantal in 
Nederland verkrijgbare uit valeriaan bereide fytofarmaca. Er werden grote 
verschillen gevonden zowel in de samenstelling als in de maximale dagelijkse 
dosis, zoals aangegeven door de fabrikanten. In de meeste gevallen werd alleen 
voor capsules een hoeveelheid valepotriaten opgegeven. Bij zowel de tincturen 
als bij de d:ragees werd vaak alleen de hoeveelheid extract vermeld en in een 
enkel geval ook bet uitgangsmateriaal. De aangegeven maximale dagelijkse 
dosis varieerdevan 45 tot 180 druppels tinctuur (2-8 ml), van 6 tot 12 dragees 
en van 3 (27,5 mg valepotriaat/capsule) tot 8 capsules (48 mg 
valepotriaat/capsule). De ontledingsproducten baldrinal en homobaldrinal 
konden alleen in zeer geringe hoeveelheden in enkele capsules worden 
aangetoond. 

Om de stabiliteit van de valepotriaten en de vorming van hun 
ontledingsproducten te bestuderen werden vers bereide tincturen gedurende 1 
maand bewaard bij 4, 20 en 36°C en werden er dagelijks monsters genomen en 
geanalyseerd. In een 70% ethanol-oplossing daalde, na twee weken bewaren 
bij een temperatuur van 20°C, het valepotriaatgehalte naar 30% van bet 
oorspronkelijke niveau., terwijl na 3-4 weken helemaal geen valepotriaten meer 
konden worden aangetoond. Tegelijkertijd nam de hoeveelheid baldrinalen 
snel toe, van 5% na 2 weken tot 85% na 3-4 weken. In een valeriaantinctuur, 
bewaard bij 36°C, ontleedden de valepotriaten zeer snel, maar baldrinalen 
waren niet aantoonbaar. Een groot deel van de baldrinalen reageert 
waarschijnlijk met andere, nog onbekende, stoffen die in de tinctuur aanwezig 
zijn en dit verklaart voor een deel ook bet ontbreken van baldrinalen in oudere 
valeriaantincturen op de Nederlandse markt. 

In de hoofdstukken 4, 5 en 6 wordt de vluchtige-oliesamenstelling van 
drie verschillende valeriaansoorten behandeld. Het onderzoek werd uitgevoerd 
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met behulp van gaschromatografie (GC) en gaschromatografie gekoppeld met 
massaspectrometrie (GC-MS). 

Hoofdstuk 4 betreft de vluchtige componenten uit de wortel en de 
wortelstok van V. officina/is L. s.l. en uit een aantal verwante taxa. Het 
zaadmateriaal, dat afkomstig was van verschillende botanische tuinen in 
Europa, werd uitgezet op een proefveld in Nederland. Tegelijkertijd werd ook 
de vluchtige olie uit commercieel in Nederland verkrijgbaar plantenmateriaal 
onderzocht. 

V. officina/is is de verzamelnaam voor een aantal ondersoorten. Vier 
van deze ondersoorten werden onderzocht. Het vluchtige-oliegehalte van de 
wortels en wortelstokken van 16 monsters van V. officina/is ssp. officina/is lag 
tussen 0,22% en 1 ,55%. Componenten die in elk van deze olien aangetoond 
werden, waren bomylacetaat (2-36%), myrtenylacetaat (spoor-9%), nojigiku
acetaat (spoor-0,8%), valereenzuur (0,3-3%) en een tot op dit moment niet 
gei'dentificeerde sesquiterpeenalcohol met een retentie-index (Rl) van l 597. 
Het vluchtige-oliegehalte van twee monsters van V. officina/is ssp. col/ina 
bedroeg 0,78% en 0,85%. De hoofdcomponenten waren bomylacetaat (22-
24%), myrtenylacetaat (6-8%), kamfeen (4-7%), kessaan (3-6%), 13-eudesmol 
(4-5%) en- in een van beide monsters- een tertiaire sesquiterpeenalcohol (RI 
= 1622) in een percentage van 20%. Voor zeven monsters van V. officina/is 
ssp. sambucifolia lag bet vluchtige olie-gehalte tussen 0,19% en 1,6%, metals 
hoofdcomponenten bomylacetaat (4-25%) en valerianol (3-34%). Het enige 
onderzochte monster van V. repens had een vluchtige-oliegehalte van 0,34%, 
met bomylacetaat (13%), valerianol (19%) en kessaan (8%) als de 
belangrijkste bestanddelen. 

Van andere (onder)soorten die onderzocht werden, bevatte de 
vluchtige olie van V. celtica ssp. norica 22% bomylacetaat en 5% patchouli
alcohol. Patchouli-alcohol was ook aanwezig in de vluchtige olie van de twee 

monsters van V. phu, samen met y-patchouleen, patchoulylacetaat en een 
valerenal-isomeer met een gehalte tussen 15% en 19%. V aleranon was met een 
percentage van 16% de hoofdcomponent van de vluchtige olie van V. exaltata. 
Bomylacetaat en valerianol waren ook aanwezig in de vluchtige olien van de 
overige onderzochte verwante taxa. 

De ondergrondse delen werden voorts onderzocht op de aanwezigheid 
van valereenzuur, zijn derivaten en valepotriaten. Hoewel valereenzuur geldt 
als karakteristieke inhoudsstof voor V. officina/is, hebben we deze 
sesquiterpeen ook aangetoond in een aantal taxa die niet tot V. officina/is 
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worden gerekend. Uit deze gegevens kan worden geconcludeerd, dat 
valereenzuur niet uitsluitend in taxa voorkomt die tot V. officina/is worden 
gerekend, of dat deze soort moet worden uitgebreid met een aantal andere 
ondersoorten. Ook werden valepotriaten aangetoond in soorten waarvan niet 
eerder bekend was dat ze deze verbind.ingen bevatten. 

In hoofdstuk 5 wordt de analyse van vluchtige olie uit de ondergrondse 
delen van V. wallichii OC. bescbreven. Het plantenmateriaal was afkomstig 
van verschillende herkomsten. Gedroogd materiaal werd gekocht op een markt 
in Kathmandu (Nepal)t vers materiaal was afkomstig van planten die in 
Nederland en Duitsland werden gekweekt, en er was commercieel verkrijgbaar 
materiaal van enkele Duitse importeurs. De verschillende monsters leverden 
tussen de Ot09% en 1,3% vluchtige olie op. De hoofdbestanddelen van de 
vluchtige olie van bet uit Europa afkomstige materiaal waren een niet 
geldentificeerde sesquiterpeenkoolwaterstof, a-santaleen, ar-curcumeen en 
xanthorrh.i.zol. Patchouli-alcohol was bet hoofdbestanddeel van de olie van 
zowel bet Nepalese als van bet commercieel verkrijgbare materiaal, met 
uitzondering van een monster. 

Hoofdstuk 6 betreft de samenstelling van de vluchtige olie uit de 
ondergrondse delen van V. javanica Blume, afkomstig uit Indonesie. Het 
vluchtige-<>liegehalte bedroeg 0,36%. Hoofdcomponenten van de vluchtige olie 
waren a-kessylacetaat (36%), a-cedreen (15%), patchouli-alcohol (19%), 
kessaan (7%)t valeranon (3%) en bomylacetaat (3%). Het wortelmateriaal 
werd door middel van HPLC ook geanalyseerd op de aanwezigheid van 
valepotriat~ en van valereenzuur en zijn derivaten. De volgendet reeds 
bekende, valepotriaten werden aangetoond: valtraat (2t2% ), isovaltraat (Ot6%) 
en acevaltrate (0,1%). Valereenzuur en zijn derivaten konden niet worden 
aangetoond. In fytochemisch opzicht komt V. javanica niet overeen met de in 
de Europese Landen gebruikte valeriaansoorten. Wei bestaat er enige 
overeenkomst met de in Japan voorkomende soort V.fauriei Briq. 

In hoofdstuk 7 wordt de seizoenvariatie in bet vluchtige-oliegehalte, in 
bet gehalte aan valereenzuur en valereenzuurderivaten en in bet valepotriaat
gehalte van de ondergrondse delen van V. officina/is beschreven. Ook wordt de 
mogelijkheid van selectie van planten, die geschi.kt zijn voor de bereiding van 
fytofarmaca, beschreven. Gedurende de seizoenen 1989-1993 werden 
ondergrondse delen van V. officinalis-planten onderzocht op hun gehaltes aan 
vluchtige oliet aan valereenmur en derivaten, en aan valepotriaten. De 
monstemame vond plaats tussen augustus van bet jaar van uitzaai tot en met de 
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laatste week van april van bet daarop volgende jaar. Afgezien van de 
gebruikelijke variatie van jaar tot jaar, werd de maximale hoeveelheid 
vluchtige olie gevonden in september. Deze varieerde van 1,2% tot 2,1%. 
Gedurende de onderzochte vegetatieperiodes bleef de samenstell ing van de 
vluchtige olie nagenoeg constant. Het maximale gehalte aan valereenzuur en 
derivaten en aan valepotriaten werd gevonden in februari -maart; het bedroeg 
respectieveUjk 0,7-0,9% en 1,1-1 ,4%. 

Gedurende de periode 1989-1993 werd materiaal van vij fverschi llende 
V. officinalis-lijnen onderzocht op vluchtige-oliegehalte, gehalte aan valereen
zuur en derivaten, en valepotriaatgehalte, met als doel planten te selecteren die 
geschikt zijn voor het bereiden van fytofarmaca. De beschreven 
selectieprocedure leverde uiteindelijk (in 1993) plantenmateriaaJ op met een 
acceptabel vluchtige-oliegehalte (0,9%), gecombineerd met een hoog gehalte 
aan valereenzuur en derivaten (0,5%), en bovendieo kon het materiaal worden 
geoogst in september van het jaar van uitzaaien. 

In hoofdstuk 8 wordt behandeld hoe karakteristieke verbindingen uit 
wortel en wortelstokken van valeriaansoorten werden getest op cytotoxiciteit 
tegen een menselijke kleincellige longkankercellijn (GLC4) en tegen COLO 
320, een menselijke dikke-darmkankercellijn, gebruikmakend van de 
'microculture tetrazolium (MIT) assay'. Valepotriaten van bet dieen-type 
bezaten de hoogste cytotoxiciteit, met IC50-waarden van 1-6 f.IM. De 
valepotriaten van bet monoeen-type waren 2- tot 3-maal minder toxisch. De 
ontledingproducten van de valepotriaten, baldrinal en homobaldrinal, waren 
10- tot 30-maal minder toxisch dan bun uitgangsstoffen, maar isovaltral had 
een hogere toxiciteit dan zijn uitgangsstof isovaltraat. Valereenzuur en zijn 
derivaten (acetoxyvalereenzuur, hydroxyvalereenzuur en methylvalerenaat) 
bezaten een lage toxiciteit, met IC50-waarden tussen I 00 f.IM en 200 f.1M. Ook 
werden vers bereide en enige tijd bewaarde tincturen van de ondergrondse 
delen van V. officina/is s.l., V. wallichii en V. edulis ssp. procera getest op hun 
cytotoxiciteit, en werd daarin bet valepotriaatgehalte gemeten. Er bestond een 
duidelijke relatie tussen bet valepotriaatgehalte van de tincturen en hun 
cytoxiciteit. De vers bereide tinctuur van V. edulis met een hoog 
valepotriaatgehalte bezat een duidelijk hogere toxiciteit dan de beide andere 
tinctureD met een lager valepotriaatgehalte. Een duidelijke afname van de 
cytotoxiciteit was waameembaar bij bewaarde tincturen, waarin de 
valepotriaten ontleed waren. Gezien de hogere cytotoxiciteit van valepotriaat
bevattende tincturen is bet raadzaam de voorkeur te geven aan tincturen bereid 
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uit V. officina/is. Zij bevatten valereenzuur en derivaten ervan die vee} minder 
cytotoxisch zijn en voorts gedmende lange tijd stabiel blijven. Bovendien 
k:unnen tincturen hierop worden gestandaardiseerd. 

Ondanks de uitgebreide toepassing van valeriaanpreparaten zijn er 
slechts enk:ele goed gedocumenteerde klinische studies bekend. 

Om ook in de toekomst verzekerd te zijn van plantenmateriaal dat 
voldoet aan de eisen die gesteld worden in de Europese Farmacopee, speelt een 
aantal zaken een rol van betekenis. Veredeling via zaad is en blijft belangrijk 
metals doel een productie van zaad met hoge kiemkracbt, en plantenmateriaal 
met een vluchtige-oliegebalte van 1 ,0-l ,5%, een extractgebalte van m.inimaal 
30% en een valereenzuurgebalte van 0,5%. 

Het gebruik van herbiciden zal zo laag mogelijk moeten worden 
gehouden. Van zware metalen zoals lood en cadmium is bekend dat ze, 
atbankelijk van de grondsoort, snel in de wortels worden opgenomen. Dit kan, 
in het kader van nieuwe kwaliteitseisen, in de toekomst problemen 
veroorzaken. V anuit milieu-overwegingen, om het gebruik van 
bestrijdingsmiddelen zoveel mogelijk te beperken, is een bepaalde mate van 
resistentie ten opzichte van echte en valse meeldauw, bladluis, Plwma en 
Verticillium dahliae belangrijk. In verband met bet oogsten en verwerken van 
bet wortelmateriaal zal de selectie gericht moeten zijn op planten met een 
kleine wortelstok en een grote hoeveelheid wortels, boewel bekend is dat het 
vluchtige-oliegebalte in de wortelstok boger is dan in bet wortelmateriaal. 

162 

References • 

Adams RP (1989) JdenJification of Essential Oils by Jon Trap Mass Spectroscopy. 
Academic Press, San Diego, New York. 

Anonymous (I 966a) Indian Pharmacopoeia, 2nd ed. 
Anonymous (1966b) Dutch Pharmacopoeia, 'Nederlandse Farmacopee', 6th edn, 2nd 

printing, Staatsuitgeverij, 's-Gravenhage, p. 72. 
Anonymous (1975a) The Rules Governing Medicinal Products in the European 

Community, Commission of the European Commtmities, Brussel 3, 31-3 7. 
Anonymous (1975b) European Pharmacopoeia, 1st edn, CoW1cil of Europe, Strasbourg. 
Anonymous (I 975c) German Homoeopathic Phannacopoeia, 'Homoopathisches 

Arzneibuch (HAB), I. Ausgabe ( 1975), and 3. Nachtrag ( 1985), Deutscher 
Apotheker Verlag, Stuttgart; Go vi-Verlag, Frankfurt, pp. 415- 418. 

Anonymous (1976) Wealth of India, Vol. 10, Publications & Information Directorate, 
CSIR, New Dellii, pp. 424-427. 

Anonymous (1990) Werkgroep Fytotherapeutica van de KNMP. Koninklijke Nederlandse 
Maatschappij ter Bevordering der Pharmacie, 's-Gravenhage, 217-220. 

Anonymous (1992a) Bekanntmachung fiber die Zulassung W1d Registrierung von 
Arzneimitteln. Bundesanzeiger, No. 90, May 15, 1988. 

Anonymous. (1992b) Selected Medicinal Plams of india, Cbemexcil, Bombay, pp. 337-
339. 

Anonymous (1992c) Australian Drug Evaluation Committee: Medicines in pregnancy. An 
Australian catagorization of risk. Australian Government Publishing Service, 
Canberra. 

Anonymous (1993a) F armacotherapeutisch Kompas, Ziekenfondsraad, Amstelveen. p.l 3. 
Anonymous (1993b) Gennan Pharmacopoeia, 'Deutsches Arzneibuch', 10. Auflage. 

Deutscher Apotbeker Verlag, Stuttgart; Govi-Verlag Frankfurt. 
Anonymous (1993c) European Pharmacopoeia, 2nd edn. CoW1cil of Europe, Strasbourg. 
Anonymous ( 1997) European Pharmacopoeia, 3rd edn, European Deparnnent for the 

Quality of Medicines. CoW1Ci1 of Europe, Strasbourg, pp. 1647-1648, 1702-
1703. 

Arora RB, Arora CK (1963) Hypotensive and tranquillizing activity of jatamansone 
(valeranone), a sesquiterpene from Nardostachys jatamansi DC. In Proceedings 
of the 2nd Int. Pharmacal. Meeting, Prague, Pergamon Press, Oxford, pp. 51-
60. 

Baudouy R, Sartoretti J, Choplin F (1983) Synthese totaJe du (±)-valerenal et de l'epi-6-~ 
(±)-valerena.I. Tetrahedron 39, 3293-3305. 

·This list covers chapter l-8 

163 



Bauer R, Czygan FCh, Franz G, Duig M. Nahrstedt A, Sprecher E (1994) 
Pbarmazeutiscbe Qualitat, Standardisienmg und Nonnienmg von 
Pbytopbarmaka. Z. Phytother. 15,82-91. 

Becker H (1984) Baldrian, Botanik, Chemie und Pbarmakologie, Oste". Apoth. Zig. 38, 
41-52. 

Becker H, Chavedej S (1988) Valepotriates, production by plant cell cultures. In, 
Biotechnology in Agriculture and Forestry (Bajaj YPS, ed.), Vol 4, Medicinal 
and Aromatic Plants I, Springer-Verlag, Berlin, pp. 294-309. 

Berglund F. Flodh H. Lundborg P, Prame B. Sarmerstedt R (1984) Drug use during 
pregnancy and breast feeding. A classification system for drug infonnation. Acta 
Obstet. Gynecol. Scand. Suppl. 126, 1-55. 

Bicchi C, Sandra P, Scbelfaut M Verzele M (1983) Studies on the essential oil of 
Valeriano celtica L. J. HRC & Chrom. Comm. 6, 213-215. 

Blatter E, Caius JF, Mhaskar KS (1988) Indian Medicinal Plants, Vol. 2, International 
Book Distributors, India, Dehradun, pp. 1311-1312. 

Bohlmann F, Looitz M (1980) Ober die lnhaltstoffe von Zexmenia gnaphaloides und die 
Synthese von Valerenan-Derivaten Chem. Ber. 113, 2410-2423. 

Bohme H, Hartke K ( 1978) Europaiscfzes Arzneibuch. Band I und Band ll Kommentar, 
WLSSenSChaftliche Verlagsgesellscbaft. Stuttgart; Govi-Verlag. Frankfurt. 

Bobme H, Hartke K (1979) Europaisches Arzneibuch Band ll1 Kommentar, 
WJ.SSeDSChaftliche VerlagsgeseUscba:ft. Stuttgart;. Govi-Verlag. Frankfurt, pp. 
833-837. 

Borkowski B, Lutomski J (1961) Die Gewinoung von Alkaloiden aus der getrockneten 
Wtu7.eln und Wurzelstocken von Valeriano officina/is L. Pharm. ZeniTalhalle 
100, 575-584. 

Bos R, Hendriks H, Kloosteonan J, Sipma G (1983) A structure of faurinone, a 
sesquiterpene ketone isolated from Valeriano officina/is. Phytochemistry 22, 
1505-1506. 

Bos R, VanPutten FMS, Hendriks H, Mastenbroek C (l986a) Variations in the essential 
oil content and composition in individual plants obtained after breeding 
experiments with a Valeriano officina/is strain. In Progress in EssenJial Oil 
Research (Bnmke EJ, ed.) Walter de Gruyter. Berlin, pp. 123-130. 

Bos R, Hendriks H, Bruins AP, Kloosterman J, Sipma G (I986b) Isolation and 
identification of valerenane sesquiterpenoids from Valeriano officina/is. 
Phytochemistry 25, 133-135. 

Bos R, Woerdenbag ill, Hendriks H, Malingri ThM (1992) Der indiscbe oder 
pakistanische Baldrian, Valeriano wa/lichii DC. (=Valeriano jaJamansi Jones). 
Z. Phytother. 13, 26-34. 

Bos R, Woe:rdenbag HJ, Zwaving JH (1994) Valeriaan en valeriaan preparaten. Pharm. 
Weekbl. 129, 37-43. 

164 

Bos R, Woerdenbag ill, Hendriks H, Zwaving JH, DeSmet PAGM, Tittel G, Wikstrom 
HV, Scheffer JJC (1996) Analytical aspects of phytotherapeutic valerian 
preparations. Phytochem. Anal. 1, 143-151. 

Bos R, Woerdenbag HJ, DeSmet PAGM, Scheffer JJC (1997a) Valeriano species. In 
Adverse Effects of Herbal Dn1gs, Vol. 3 (DeSmet PAGM, Keller K, Hlinsel R, 
Chandler RF, eds.), Springer-Verlag, Berlin, Heidelberg. pp. 165-180. 

Bos R, Woerdenbag ill, Hendriks H, Smit HF, Wikstrom HV, Scheffer JJC (1997b) 
Composition of the essential oil from roots and rhizomes of Valeriano wallichii 
DC. Flavour Fragr. J. 12, 123-131. 

Bos R. Woerdenbag HJ, Hendriks H, Scheffer JJC (l997c) Composition of the essential 
oils from undergrotmd parts of Valeriano officina/is L. s.l. and several closely 
related taxa. Flavour Frog. J. 12, 359-370. 

Bos R, Woerdenbag H1, Van Punen FMS, Hendriks H, Scheffer JJC (1997d) Seasonal 
variation of the essential oil, valerenic acid and derivatives, and valepotriates in 
Valeriano officina/is roots and rhizomes, and the selection of plants suitable for 
phytomedicines. Planta Med., in press. 

Bos R, Woerdenbag HJ, Hendriks H, Kruizinga WH, Herrema JK, Scheffer JJC (1997e) 
Methyl valerenate, a new sesquiterpenoid in the essential oil from undergrOtmd 
parts of Valeriano officina/is L. s.l. Z. Naturforsch., 52c, xx:x-xxx. 

Bos R, Woerdenbag ill, Hendriks H, Scheffer JJC (1997f) Essential oil from roots of 
Mexican Valeriano species. Paper in preparation. 

Bountbanh C, Bergmann C, Beck JP, Haag-Berrurier M, Anton R (1981) Valepotriates, a 
new class of cytotoxic and antitumor agents. Plant a Me d. 41, 21-28. 

Bountbanh C, Richert L, Beck JP, Haag-Bemnier M, Anton R (1983) The action of 
valepotriates on the synthesis of DNA and proteins of cultured hepatoma cells. 
PlanlaMed. 49, 138-142. 

Bratm R, Dittmar W, Machut M. Wendland S (1983) Valepotriate- zur Bestimmung mit 
Hilfe von Nitrobenzylpyridin (NBP-Methode). Dtsch. Apoth. Ztg. 123, 2474-
2477. 

Braun R, Dieckmann H, Machut M. Echarti C, Maurer HR (1986) Stucties on the effects 
ofbaldrinal on hemopoietic cells in vitro, on the metabolic activity of the liver in 
vivo, and on the content in proprieny drugs. Planta Med. 52, 446-450. 

Bruins AP (1979) Negative ion chemical ionization mass spectrometry in the 
determination of components in essential oils. Anal. Chern. 51, 967-972. 

Bruins AP (1983) A simple and inexpensive modification of a Finnigan 3300 quadrupole 
mass spectrometer for negative ion detection. Biomed. Mass Spectrom. 10, 46-
49. 

Bnmeton J (1995) Pharmacognosy, Phytochemistry, Medicinal Plants. Lavoisier 
Publishing, Paris 

Bnmke EJ, Hammerschmidt FJ, Struwe H (1980) (+)-epi-~-Santalol. lsolierung aus 
Sandelholrol und Partialsynthese aus (+}<1-Santalol. Tetrahedron Leu. 21, 

2405-2408. 

165 



Bnmke EJ, Hammerschmidt FJ, Schmaus 0 (1992) Die Headspace-Analyse von 
Bliltendilften.Dragoco Rep. 1, 3-31. 

BOcbi G, Popper TL, Stauffacher D. (1960) The structure ofvalerenic acid J. Am. Chem. 
Soc. 82, 2962-2963. . 

Buchbauer G JAger W fwvetz L, Meyer F, Dietrich H (1992) Wuiamgen von Baldrian, 
B~l, Isobomool, Bornyl.acetat uod Isobomylacetat auf die Mobilit.At von 
Versuchstiereo (Miw;en) nach Inhalation. Pharmazie 47, 620-622. 

Buchthala M (1968) Kliniscbe Beobachtungen bei der Anwendung eines neuen Aequilans. 

Hippokrates U, 466-468. 
Buckova A, Eisenreichova E, Haladova M, Tomko J (1977) Alkaloids of the underground 

part of Valeriana officina/is L. Acta Fac. Pharm. 31, 29-35. 
Carmichael J DeGraff WG, Gazdar AF, Minna JD, Mitchell JB (1987) Evaluation of 

te~lium-based colorimetric assay: Assessment of chemosensitivity testing. 
Cancer Res. 47, 936-942. 

Chari VM, Jardan M, Wagner H, Thies PW (1977) A 13C-NMR study of the structure of 
an acyl-linarin from Valeriano wallichii. Phytochemistry. 16, 111(~1112. 

Cbavadej s, Becker H, Weberling F (1985) Further investigations of valepotriates in the 
Valerianaceae. Pharm. Weekbl. Sci. Ed. 7, 167-168. 

Cionga E (1961) Betracbtung Ober die Baldrianwurzel. Pharmazie 16, 43-44. . 
Cionga E, Popesco V, Contz 0, Boniforti L (1976) The alkaloids from Valenana 

officinalis, identification of actinidine. Adv. Mass Spectr. Biochem. 1, ~302. 
Closson s Van H.aeleo M, Van H.aelen-Fastre R., Lefebvre C, Binet C, Van Koninclo<Joo 

M (1992) Variation in valereoic acid and hydroxyvalereoic acid root CODltnt in 
v. officinal is and biological effects of contrasted cbemotypes. In Abstracts of 4th 
and Jnremational Congress on Phytotherapy, Mlllich, p 55. 

Corsi G, Lokar L, Pagni AM (1984) Biological and phytochemical aspects of Valeriano 
officinalis. Biochem. System. &ol. U , 57~2. . . . 

0eoee R., Bos R., Hazelhoff B (1979) Isolation and structure eluctdation of lSOvalb'al, a 
decomposition product of isovaltrate. Plant a Med 37, 4548: . . 

DeSmet PAGM, Vulto AG (1988) Drugs used in oon-orthodox medicme. In S1dt Effects 
of Drugs (Dukes MNG, Bee1y L, eds). Amuall2, Elsevier, Amsterdam. pp. 402-

415. 
DeSmet PAGM (1993) Legislatory outlook on the safety of herbal remedies. In Adverse 

EffecJs of Herbal Drugs Vol. 2 (De Smet PAGM, Keller K. Hansel R., Chandler 
RF, eds), Springer-Verlag, Berlin, pp. 1-90. . 

Dieckmann H (1988) Untersuchungen zur Pbarmakokinetik, Metabolismus uod 
Toxikologie von Baldrinalcn Thesis, University of Berlin, Germany. 

Dossaji SF, Becker H (1981) HPLC separation and quantitative ddennination of 
valepotriates from V aleriana kilimandscharica. Plant a Med. 43, 179- 182. 

DreBing H. Riemann D, USw H, Scbredl M, Reb C, Laux P, Milller WE (1992) Bal~an
Melissc>Kombinatiooen versus Benzodiazepin, bei Sc.hlafstmungen gletcb
wertig? Therapiewoche 42, 726-736. 

166 

Dziuba K (1968) Erfahrungen mit dem Aequilans Valmane in ambulanter Praxis. Med 
Welt. 35, I 866- I 868. 

Eisenhuth F (1956) Quality and production problems in Valeriano officina/is. 
Pharmazie 11,271-278. 

EJ-Nagger U, Beal JL (1980) lridoids. A review. J. Nat. Prod. 43, 649-707. 
Endlich B (1966) Valeriano celtica L., Ein Beitrag zur Drogengeschichte, Biologie, 

morphologischen und chemischen Charakterisienmg der Pflanze tmter 
besonderer Berllcksichtigung des atherischen Oles. Thesis, University of Gie3en, 
Germany. 

Endlich B (I 973) Unscheinbar und wenig bekannt; der Echte Spei.k. Kosmos 69. 438-442. 
Engel K (1976) Beitrnge zur Systematik der Valerianaceae unter besonderer 

Berucksichtigung cytosystematischer Ergebnisse. Thesis, University of Gie.Ben. 
Germany. 

Evans W.C. (1989) Trease and Evans' Pharmacognosy, 13th edn, BaiUiere Tindall, 
London, pp. 525-528. 

Fink C, H6lzl J, Rieger H, Krieglstein J (1984) Wirkungeo von Valtrat auf das EEG des 
isoliert-perfimdierten Rattenhims. Anneim. Forsch. 34. 170-174. 

Forster W, Becker H, Rodriguez E (1984) HPLC analysis of valepotriates in the North 
American genera P/ectritis and Valeriana. Plan/a Med. 50, 7-9. 

Franck B, Petersen U, Hillmer F (1970) Valerianin, ein tertiares Monoterpen-Alkaloid aus 
Baldrian. Angew. Chemie 82,875-876. 

Freytag WE (1983) Bestimmtmg von Valerensauren und Valerenal neben Valepotriaten in 
Valeriano officina/is durch HPLC. Ph arm. Ztg. 128, 2869-2871 . 

Frohne D, Jensen U (1992) Systematik des Pjlanzenreichs, 4. Auflage, Gustav Fischer 
Verlag, Stuttgart, Jena, New Yorl<, p. 234. 

Funke ED, Friedrich H (1974) Valepotriate in oberirdischen tmd unterirdischen Organen 
von Valerianaceen. Phytochemistry 13, 2023-2024. 

Funke ED, Friedrich H (1975) Valepotriate in oberirdischen Organen weiterer Arten der 
Valerianaceen. PlanJa Med. 28, 215-222. 

Gildemeister E, Hoffinann Fr (1961) Die titherischen Ole, Band 7, A.kademie Verlag, 
Berlin, pp. 542-563. 

Girgune JB, Jain NK, Garg BD (1980) Antimicrobial studies on Vitex negundo and 
Valeriano wallichii DC. (Valerianaceae). indian J. Microbio/. 20, 142-143. 

Gobbato S, Lolla E (1996) A new HPLC method for the analysis of valerenic acids in 
Valeri ana officina/is extracts. Fitoterapia 67, 159-162. 

Govindacbari TR, Rajadurai S, Pai BR (1 958) Struktur von Jatamanson. Chem. Ber. 91 , 
908-910. 

GrafE, Bomkessel B (1978) Analytische und pharmazeutisch-technologische Versuche 
mit Baldrian. Dtsch. Apoth. Ztg. 118, 503-508. 

Gran.icher F, Christen P, Kapetanidis I (1992) High-yield production of valepotriates b) 
hairy root culrures of Valeriano officina/is L. var. sambucifolia Mikan. Plant 
Cell. Rep. 11, 339-342. 

167 



Granicher F, Christen P, Kapitanidis I (1995) Essential oil from normal and hairy roots of 
V aleriana officinal is var. sambucifolia. Phytochemistry 40, 1421-1424. 

Greger H, Emet D (1971) Flavonoide und Systematik der Valerianaceae. 
Naturwissenschaften 58, 416-417. 

Gross D, Edner G, SchUtte HR. (1971) Ober monoterpeooide Valeriana-Alkaloide. Arch. 
Pharm. 304, 19-27. 

Grusla D, HOlzl J, Krieglstein J (1986) Baldrianwirlrung im Gebim der Ratte. Disch. 
Apoth. Ztg. 126,2249-2252. 

Gstimer F, Kleinbauer E {1958) Zur pharmakologischen Prilfung der Baldrianwurzel. 
Pharmazie 13,415-436. 

Gupta LK. Shah SC (1981) Cultivation and importance of Valeriano wallichii in the 
hills of Uttar Pradesh. Indian Drugs 393-395. 

Hansel R, Schulz J (1982) Valerc:nsAuren und Valerenal als Leitstoffe des offizineUen 
Baldrians. Dtsch. Apoth. Ztg. 122, 215-219. 

Hllnsel R, Schulz J, Stahl E (1983) Pn1fung der Baldrian-Tinktur auf IdentiW. Arch. 
Pharm. 316, 646-647. 

Hllnsel R, Schulz J (1985) Beitrag zur QualiWssichenmg von Baldrianexttakten. 4. Mitt 
Pharm. Ind. 47, 531-533. 

Hllnsel R {1990) Ptlanzliche Sedativa. Z. Phytother. 11,14-19. 
Hansel R (1992) lndischer Baldrian nicht empfehlenswert? Z. Phytother. 15, 130- 131. 
Hartke K, Mutschler E (1987) DAB 9 - Kommentor, Band 2, Wissenschaftliche 

Verlagsgesellscbaft, Stuttgart; Govi-Verlag, Frankfurt, pp. 917-921. 
HazelhoffB, Smith D, MaJ.ingre ThM, Hendriks H {1979a) The es..o;ential oil of Valeriano 

officinalis L. s.l. Pharm. Weekbl. 114, 443-449. 
HazelhoffB, Weert B, Denee R, Malingre ThM (1979b) Isolation and analytical aspects 

of Valeriano compounds. Pharm. Weekbl. 114, 956-964. 
Hazelhoff B, Malingre TM, Meijer DKF (1982) Antispasmodic effects of Valeriano 

compounds. Arch. Phormacodyn. Ther. 257,274-287. 
Hazelhoff B (1984) Phytochemical and pharmacological aspects of valerian compotmds 

with special reference to valepotriates. The.sis, University of Groningen, The 
Netherlands. 

Hegoauer R (1973) Chemotaxonomie der Pflanzen, Band 6, Birkh!user Verlag. Base~ 
Stuttgart, p. 638, p. 651. 

Hendriks H (1973) Beschreibmg eines Geriites fUr die GewinnWlg groBerer Mengen 
litberischer 61e filr die Analyse. Planta Med. 24, 158-164. 

Hendriks H, Smith 0 , Hazelhoff B (1977) Eugenyl isovalerate and isoeugenyl isovalerate 
in the essential oil of valerian root Phytochemistry 16, 1853-1854. 

Hendriks H, Bruins AP (1980) Study of three types of essential oil of Valeriano officina/is 
L s.l. by combined gas chromatography-negative ion chemical ioniution mass 
spectrometry. J. Chromatogr. 190,321-330. 

168 

Hendriks H, B~s R, Allersma DP, Malingre TM, Koster AS (1 98la} Pharmacological 
screerung of valerenal and other components of essential oil of Valeriano 
officina/is. Planta. Med. 42, 62-68. 

Hendriks H, Geertsema HJ, Malingre ThM (1981b) The occurrence of valeranone and 
cryptofauronol in the essential oil of Valeriano officina/is L. s. /. collected in the 
nortbem part ofThe Netherlands. Phorm. Weekbl. Sci. Ed. 3, 1316-1320. 

Hendriks H, Bos R (1984) Essential oils of some Valerianaceae. Dragoco Rep. l , 3-1 7. 
Hendriks H, Bos R, Woerdenbag HJ, Koster AS (1985) Central nervous depressant 

activity ofvalerenic acid in the mouse. Planta. Med. 51, 28-31. 
Hikino H. Hikino Y, Takeshita Y, Shirata K, Takemoto T (1963) The structure ofkessan, 

kessanol, valeranol, kanokonol, valeranone and kanokanol. Chem. Pharm. Bull. 
11,547, 952,1207-1210, 1210-1212. 

H.i.kino H. Hikino Y, Agatsuma K, Takemoto T (1968) Structure and absolute 
configuration offawinone. Chern. Phorm. Bull. 16, 1779-1783. 

Hikino H, Hikino Y, Kobinata H, Aizawa A ( 1980) Sedative principles of valeriana roots. 
Shoyakugaku Zasshi 34, 19-24. 

Holm E, Kowollik H, Reinecke A, von Henning GE, Behne F, Scherer HD (1980) 
Vergleichende neurophysiologische UntersuchWlgen mit Valtratwn!lsovaltratum 
Wld Extractum Valerianae an Katzen. Med. Welt. 31, 982-990. 

Htslzl J, Jurcic K (1975) Valepotriates in the leaves of Va/erianajatamansi. Planra Med. 
27, 133-139. 

HOlzl J, Fink C (1984) UntersuchWlgen zur Wirkwlg der Valepotriate auf die 
SpontanmotiliW von Mausen. Arzneim. Forsch. 34, 44-47. 

HOlzl J (1996) Baldrian, ein Mittel gegen SchlafstOnmgen Wld Nervositat. Dtsch. Apoth. 
Ztg. 136, 751-759. 

Houghton PJ (1988) The biological activity of valerian and related plants. J 
Ethnophormacol 22, 121-142. 

Houghton PJ {1994) Valerian. Phorm. J. 253, 95-96. 
Hilbler B ( 1969) Erfabnmgen mit dem Aequilibrans V almane als Zusatztherapeutikum bei 

vertabragenen Erkrankungen. Der Landorzt 45, 1591-1 594. 
lzac RR, Poet SE, Fenical W, Van Engen D, Clardy 1 (1982) The structure of 

pacitigorgio~ an icthyotoxic sesquiterpenoid from the Pacific Gorgonian coral 
Pacifigorgia cf adamsii. Tetrahedron Lett. 23, 3743- 3746. 

Janot MM, Guilhem J, Contz 0 , Verena G, Cionga E (1979) Contribution to the study of 
Valeriano alkaloids (Valeriano officina/is L.). Actinidine and 
naphthyridylmethylketone, new alkaloids. Ann. Pharm. Fr. 37, 413-420. 

Jansen W (1977) Doppelblindstudie mit Baldrisedon. Therapiewoche 27, 2779-2786. 
Jauch H {1969) Valmane in der Geriatrie. Med. Klin. 64, 437-439. 
Johnson RD, Waller GR (1971) Isolation of actinidine from Valeriano officina/is. 

Phytochemistry 10, 3335-3339. 
Joshi GD, Vaidya AS, Kulkarni SN, Bhattacbaryya SC (1968) Components of lndian 

valerian root oil. Perfom &sent. Oil Rec. 187. 

169 



Jmcic K. (1974) Zur Biosynthese tmd Pbannakokinetik der Valepotriate von Valeriano 
wallichii. Thesis, University of Munich, Germany. 

Kapoor LD ( 1990) Valeriano j atamansi Jones. In, Handbook of Ayurvedic Medicinal 
Plants CRC Press, Florida, Boca Raton, pp. 330. 

Keochantbala-Bountbanb C, Haag-Berrurier M, Beck JP, Anton R (1990) Effects of thiol 
compouods versus cytotOxicity of valepotriates on cultured hepatoma cells. 
Plan/a Med. 56, 190-192. 

Keochanthala-Bountbanb C, Beck JP, Haag-Berrurier M, Anton R (1993) Effects of two 
monoterpene esters, valtrate and didrovaltrate, isolated from Valeriano wallichii, 
on the uJtrasttucture ofhepatoma cells in culture. Phytother. Res. 7, 124-127. 

K.rant W (1994) Milestones for ESCOP. Europ. Phytotelegram 6, 4-6. 
Krepinsky J, Herout V, Sorm F (1959) Vergleichende Untersuchungen von Droge tmd 

von stabilisierten frischen WurzelstOcken; Nachweis alpba-Kessylalkobol in 
etU"Opaischem Baldrian. Col/. Czech. Chem. Comm. l4, 1884-1896. 

Krepinsky J, Sykora V, Zvonkova E, Herout V (1965) Comtitution of sesquiterpenic 
valc:reoolic acid. Coli. Czech. Chem. Comm. 30, 553-558. 

Krieglstein J, Grusla D {1988) Zenttal dampfende Inhaltsstoffe im Baldriao. Dtsch. Apoth. 
Zig. ~ 2041-2046. 

Kulkarni KS, Paknikar SK, Bbattacharyya SC (1964) Structure and stereochemistry of 
bydroxyvaleranooe and acetylhydroxyvaleranooe. Tetrahedron 20, 1289-1300. 

Laufer JL. Seckel BJ, Zwaving JH (1970) Oode:rzod< naar de samenstelling van de 
werkzame bestanddeleo van verschillende valeriaan- en kentranthussoorten. 
Pharm. Weekbl. 105, 609-625. 

Leathwood PD, Cbauffard F, Heck E, Mlmoz-Box R {1 982) Aqueous extract of valeriao 
root (Valeriano officina/is L.) improves sleep quality in man. Pharmacol. 
Biochem. Behav. 17, 65-71. 

Leath\\OOCI PD, Cbauffard F, Munoz-Box R (1983) Effect of Valeriano officina/is L. on 
subjective and objective sleep parameters. In Sleepl982, 6th Eur. Congr. Sleep 
Res., Karger, Base4 pp. 402-405. 

Lemberkovics E, Verzar-Petri G, Pethes E, Mikita K (1977) Atherisches 01 im Laubblatt 
von Valeriano officina/is L., und dessen Vergleich mit dem WurzelOl. Sci. 
Pharm. 45, 281-289. 

Leuschner J, Miiller J, Rudmann M (1993) Characterisation of the central nervous 
depressant activity of a commercially available valerian root extract. Arzneim. 

Forsch. 43, 638-641. 
Lindahl 0 , Lindwa1J L (1989) Double blind study of a valerian preparation. Pharmacol. 

Biochem. Behav. 32, 1065-1066. 
Liptak J, Verzar-Petri G (1980) Titrimetriscbe Bestimmung der Valepotriale. Sci. Phann. 

48, 203-206. 
Lorenz M (1989) Untersuclnmgeo zur Domestikatioo der mexikanischen 

Medizinalptlanze Valeriano edulis ssp. procera Meyer. Thesis, Teclmical 
University ofMtmich, Germany. 

170 

Madaus G (1976) Lehrbuch der biologischen Heilmittel, Georg Olms Verlag, Hildesheim, 
pp. 2770-2777. 

Mannestatter E, Gerlach H, Poethke W (1967) Ober die Inhaltsstoffe von Valerianaceen. 
1. Mitt., Der Nachweis einiger lnhaltsstoffe von Ken/ranlhu.s ruber DC. Pharm. 
Zentralhalle 106, 797-804. 

Mannestiitter E, Gerlach H, Poethke W (1968) Ober die lnhaltsstoffe von Valerianaceen. 
3. Mitt, Beitr!ge zur Bestimrmmg des Halazuchroms B in Valerianaceen
Drogen. Pharm. Zentralhalle 101, 261-269. 

Mayer B, Springer E (1974) PsychoexperimenteUe UntersuchWlgeo zur Wirkung einer 
Valepotriatkombination sowie zur kombinierteo Wirkung von Valtratum und 
Alkohol. Arzneim Forsch. 24, 2066-2070. 

McGregor FB, Abernethy VE, Dahabra S, Cobden I, Hayes PC (1989) Hepatoxicity of 
herbal remedies. Br. Med. J. 299, 11 56-1157. 

Meijer C, MulderNH, Timmer-Bosscha H, Zijlstra JG, De Vries EGE (1987) Role of free 
radicals in an adriamycin resistant bwnao small celiiWlg cancer cell line. Cancer 
Res. 47, 4613-4617. 

Middel 0 , Woerdenbag HJ, Van Uden W, Van Oeveren A, Jansen JFGA Feringa BL. 
Konings AWT, Pras N, Kellogg RM {1995) Synthesis and cytotoxicity of novel 
lignans . .!. Med Chem. 38,2112-2118. 

Miskelly F G, Goodyer U (1992) Hepatic and pulmonary complications of herbal 
medicines. Pos1grad. Med. J. 68, 935. 

Morazzoni P, Bombardelli E (1995) Valeriano officina/is, traditional use and recent 
evaluation of activity. Filoterapia 66, 99-112. 

Narayanan CS, Kulkarni KS, Vaidya AS, Kanthamani S, Lakshmi Kumari G, Bapat 
BV, Paknikar SK, Kulkarni SN, Kelkar GR, Bhattacharyya SC (1964) 
Components of Indian valerian root oil. Tetrahedron 20, 963-968. 

Nishiya K, Kimura T, Takeya K, ltokawa H {1992) Sesquiterpenoids and iridoid 
g)ycosides from Valerianafauriei. Phylochemistry 31,3511-3514. 

Nishiya K, Tsujiyama T, Kimura T, Takeya K, ltokawa H, Iitaka Y (1995) 
Sesquiterpenoids from Valerianafauriei. Phylochem. 39,713-714. 

Ockendon DJ (1976) Valeriano. In Flora Europaea (Turin TG et a/., eds), Vol. 4, 
University Press, Cambridge, pp. 52-55. 

Oshima Y, Matsuoka S, Ohizwni Y (1995) Antidepressant principles of Valerianafauriei 
roots. Chem. Pharm. Bull. 43, 169-L 70. 

Paknikar SK, Kirtany JK (1972) The structure of Valeriano wallichii hydrocarbon. 
Chem. Ind. 803. 

Pande A, Shukla Y (1993) Naphtholic acid derivative from Valeriano wallichii. 
Phytochemistry 32, 1350-1351. 

Penso G (1983) Jndex PlanJarum Medicinalium Totius Mundi Eorumque Synonymorum, 
Organimtziooe Editoriale Medico Fannaceurica, Milano, pp. 986-987. 

Petticic J (1979) Stability and estimation ofvalerian (Radix Valerianae) constituents. Acta 
Pharm. Jugoslav. 29, 23-28. 

171 



Pouet MJ {1982) 13C-NMR Spectroscopy of [ 4.n.O) bicyclic compounds, assignment of 
the ringj\Dlction configmation from ring fimction 13C chemical shifts- application 
and limits. Org. Magn. Reson. 19,229-234. 

Quinn LA, Moore G£, Morgan RT, Woods LK (1979) Cell lines from hwnan colon 
carcinoma with unusual cell products, double mimJtes, and homogeneously 
staining regions. Cancer Res. 39,4914-4924. 

Rabbeoo A (1930) Sull' azione fmnacologica del pirrole e dei pirrilalchilchetoni. Nota 3 
Richerche sui sistema nervoso isolato. Arch. Int. Phonnacodyn. 36, 172-204. 

Rashid MH, Begmn S, Malik MN (1972) Chemical investigations on the roots of 
Valeriano wallichii. Pakistan J. Forestry 439-445. 

Reichling J, Horz K.H. Bodesbeim U (1994) Valeriano. In Hagers Handbuch der 
Phonnazeutischen Praxis (Hansel R, Keller K. Rimpler H, Scheider G, eds), 
Band 6, Springer Verlag, Berlin, pp. 1067-1095. 

Reynolds JEF, Prasad AB (1982) Martindale, The Extra Pharmacopoeia, 28th edn, The 
Pharmaceutical Press, London, pp. 1768. 

RUcker G, Kretzschmar U (1972) Patchouli-Alkohol und y-Patchoulen aus Nardostachys 
chinensis. Planta Med. 21, 1-4. 

Rilcker G, Tautges J (1976) (3-Ionon und patchoulialkohol aus den unterirdischen teilen 
von Valeriano officina/is. Phytochemistry 15, 824. 

Riicker G, Tautges J, Sieck A, Wenzl H, GrafE (1978) UntersuchWlgen zur lsolienmg 
und pharmakodynamischen Aktivitat des Sesquiterpens Valeranon aus 
Nardostachysjalamansi OC. ATZ11tim. Forsch. 28,7-13. 

RUcker G, Neugebauer M. Sharaf El Din M (1981) OOnnschichlcbromatograp 
Quantitative Analyse voo V alepotriaten. Planta Med. 43, 299-301. 

sandor P, Kov&ch AGB, HoMth KB, Szentpetery GB, Clauder 0 (1970) 
Pbarmakologische Untersuchungen Uber die Wirlrung von syntbetiscben a
Metbyl-pyrryf-keton auf das Zentralnervensystem und den Krei.slaut: Al'Z11tim. 
Forsch. 20, 29-32. 

Scbaette R (1971) ZlD" Wertbestimmung, Pharmakologie und lDDWeltbedingten 
WII'kstoftbildung von Radix Va/erianae. Thesis, University of Munich, 
Germany. 

Schild W (1969) 'Ober die Valepotriate in Valerianaceen. Thesis, University of 
Saarbriicken, Germany. 

Schimmer 0 , ROder A (1992) Valerenic acid in commercial plant drugs and extracts 
prepared from the roots of Valeriano officina/is L. s.l. TLC studies using the 
guidelines oftbe German Pharmacopoeia Phonn. Zig Wiss.137, 31-36. 

Shepherd C (1993) Sleep disorders. Liver damage warning with insomnia remedy. Br. 
Med.J. 306, 1472-. 

Shrivastava SC, Sisodia CS (1970) Analgetic studies on Vitex negundo and Valeriano 
wal/ichii. Ind. Vet. J. 47, 170-175. 

172 

Smit ALC, Field FH (1 977) Gaseous anion chemistry. formation and reactions of OH"; 
reaction of anions with N20; Olf negative chemical ionization. J. Am. Chern. 
Soc. 99, 6471-6483. 

Snowden RL, Sonnay P, OhloffG {1981) Stereoselective syntheses of(±)-epi-P-santalene 
and (±)-epi-(3-santalol. Helv. Chim. Acta 64, 25·32. 

Sood VK (1964) Isolation ofmaaliol from the oil of Valeriano wollichii DC. Indian J. 
Chern. 2, 170-171. 

Sood VK (1965) Isolation of Indian valerian oil from Valeriano wollichii DC. roots and 
rhizomes. Perfum &sent. Oil Rec. 10, 656-657. 

Stahl E, Schild W (1969) Diinnschicht-Chromatographie zur Kennzeichnung von 
Armeibucbdrogen. Arzneim. Forsch. 19,314-316. 

Stahl E, Schild W (1971) Ober die Verbreitung der Aequlibrierend wirkenden 
Valepotriate in der Familie der Valerianaceen. Phytochemistry 10, 147-153. 

Stahl E, Schatz E (1980) Extraktion labiJer Narurstoffe mit uberkritischen Gasen. Planto 
Med. 40, 262-270. 

Standi R (1968) Untersuchungen mit einem aus der Baldrianwurzel gewonnenen 
Wirkstoff zur SedierWtg von Zerebralsklerotikem. Z. Geront. 1, 188-192. 

Steinegger E, Hansel R (1992) Pharmakognosie, 5th edn, Springer-Verlag, Berlin, pp. 
162-163,666-671. 

Stoll A, Seebeck E (1957) Die IsolierWtg von Hesperitinsaure, Behensaure und von zwei 
tmbekannten S!iuren aus Baldrian. Liebigs Ann. Chern. 603, 158-168. 

Stoll A, Seebeck E, Stauffacher D ( 1957a) lsolienmg und Charakterisienmg von bisher 
tmbekannten lnhaltsstoffen aus dem NeutralteiJ des fiischen Baldrians. Helv. 
Chim. Acta. 136, 1205-1229. 

Stoll A, Seebeck E, Stauffacher D ( 1957b) Neuere Untersuchungen tiber Baldrian. 
Schweiz. Apoth. Ztg. 16, 115-120. 

Straube G (1968) Die Bedeutung der Baldrianwurzel in der Therapie. Therapie 
Gegenwart4, 555-562. 

Sugati SSri, Hutapea JR (1991) Jnventoris Tanoman Obot Indonesia, Departemen 
Kesehatan Rl, Jakarta, pp. 582-583. 

Suzuki H, Zhang BC, Harada M, lida 0 , Satake M (1993) Quantitative studies on terpenes 
of Japanese and ElD"opean valerians. Shoyakugo/cu Zasshi 47, 305-310. 

Takam\D"a K, Kakimoto M, Kawaguchi M, Iwasaki T (1973) Pharmacological studies on 
the constituents of crude drugs and plants. I, Pharmacological action of 
Valeriano officina/is. J. Pharm. Soc. Japan 93, 599-606. 

Takam\D"a K, Kawaguchi M, Nabata H (I 975a) The preparation and phannacological 
screening ofkessoglycol derivative. Yakugolcu Zasshi 95, I I 98-1204. 

Takam\D"a K, Nabata H, Kawaguchi M (1975b) The pharmacological action on the 
kessoglycol 8-monoacetate. Y akugaku Zasshi 95, 1205-1209. 

Teppner H (1982) Der Echte Speik - Valeriano ce/lico. In Die Koro/pen, Beitrag =ur 
Botanik, Geologie, Klimatologie und Volkskunde, pp. 47-52. 

173 



Thies PW (1966) Zw- Konstitution der lsovalereosaw-eester Valepobiat, Acetoxy
valepotriat und Dihydrovalepotriat Tetrahedron utt. 11, 1163-1170. 

Thies PW, Funke S (1966) Nachweis \.Dld lsolienmg von sedativ wirksamen lso
VaJeriansaureestem aus Wurzel und Rhizomen von verschiedenen Valeriana
und Kentranthus-Arten. Tetrahedron Lett. 11, 1155-1162. 

Thies PW (1968a) Die Konstitution der VaJepotriate. Mitteilung Uber die Wirlcstoffe des 
Baldrians. Tetrahedron 24,313-347. 

Thies PW (l968b) Ober die Wirkstoffe des BaJdriam; Linarin-isovaJerianat, ein bisber 
tmbekanntes Flavonoid aus Valeriano wallichii DC. Planta Med. 16, 361-371. 

Thomas AF, Willhalm B (1965) A peculiarity in the deuteration of certain bicyclo-[2.2.1 )
beptanones. Tetrahedron utt. 18, 1309-1311. 

Tittel G (1978) Analyse und Isolienmg von Pflanzmjnba)tsstoffen durcb Hochleisnmgs
fliissigkeitscbromatographie. Thesis, Univernty of Munich, Germany. 

Tittel G, Wap:r H (1978) HochldsnmgsflOssigcbromatograpbische Tremung und 
quantitative Bestimmung von VaJepobiaten aus Valeriana-Drogen tmd 
Zubereittmgen. J. Chromatogr. 148, 459-468. 

Tittel G, Chari VM, Wagper H (1978) HPLC-Analyse von Valeriano mexicana Extrakten. 
Planta Med. 34, 305-310. 

Titz E. Titz W(l981) Die diploiden \.Dld tetraploiden Armei-BaJdriane der Schweiz und 
angrenzeoder Regionen (VaJerianaceae) Bot. Helvetica 91, 169-188. 

Titz W, Jurenitscb J, Fitzbauer-Busch E, Wicho E, Kubelka W (1982) Valepobiate und 
atherisches 0~ mo.rphologisch und chromosomal definierter Typen von 
Valeriano afficinalis s.l. I, Vergleich von VaJepobiatgehalt und zusammen
setzlmg. Sci. Pliarm. 50, 309-324. 

Titz W, Jurenitscb J, Gruber J, Scbabus I, Titz E, Kubelka W (1983) VaJepotriate und 
atherisches 01, morphologisch und chromosomal ddinierter Typen von 
Valeriana afficinalis s.l. II,. Variation cbaraktc:ristis Kompooenten des 
atbcrischen ols. Sci. Pharm. 51, 63-86. 

TorsseU K, Wahlberg K (1967) Isolation, structlD"e and synthesis of alkaloids from 
Valeriano officina/is L Acta Chem. Scand 11, 53-62. 

Tucker AO, M.aciare.Uo M (1993) Mass Spectral Library of Flavor & Fragrance 
Compounds, Vol. 1-27, Department of Agriculture & Natural Resources, Dover, 
Delaware, Delaware State University. 

Tyler VE (1993) The Honest Herbal, 3rd edn, Pbannaceutical Products Press, New York., 
pp. 315-317,350-351. 

Tyler VE {1994) Herbs ofChoice, Pbmnaceut:ical Products Press, New York, pp. 17-32, 
117-119. 

Van Meer JH., VanderSluis WG, Labadie RP (1977) Ooderzoek naar de aanwezigheid 
van valepotriaten in valeriaanpreparaten. Pharm. Weekbl. 112, 20-27. 

Van Meer JH., Labadie RP (1981) Straight-phase and reversed-phase high-performance 
liquid chromatographic separations of valepotriate isomers and homologues. J. 
Chromatogr. 105, 206-212. 

174 

Verzar-Petri G, Pethis E, Lemberkovics E (1976) Thin layer and gas chromatographic 
studies on iridoidic compounds in Valeriano officina/is. L. Herba Hung. 15, 79-
91. 

Von Eickstedt KW, Rahman S (1969) Psychophannakologische Wirkungen von 
Valepobiaten. Arzneim. Forsch. 19, 316-319. 

Von der Hude W, Scbeutwinkei-Reicb M, Braun R., Dittmar W (1985) In virro 
mutagenicity ofvalepotriates. Arch. Toxicol. 56, 267-271. 

Von der Hude W, Scheutwinkel-Reich M, Braun R (1986) Bacterial mutagenicity of the 
tranquilizing constituents ofValerianaceae roots. Mutat. Res. 169, 23-27. 

Wagner H, HOrhammer L, Holzl J, Schaette R (1970) Zur Wertbestimmung der Baldrian
Droge tmd ihrer Zubereitungen. Arzneim. Forsch. 20, 1149-1152. 

Wagner H, Jurcic K (1979) Uber die spasmolytische Wirkung des Baldrians. Planta Med. 
37, 84-95. 

Wagner H, Jurcic K (1980) In-vitro tmd in-vivo Metabolismus von 14C-Didrovaltrat. 
Plan/a Med. 38, 366-376. 

Wagner H, Jurcic K, Schaette R (1980) Vergleichende Untersuchungen tiber die 
sedierende Wirktmg von Baldrianextrakten, Valepotriaten tmd lhren Abbau
produkten. Planta Med. 38, 358-365. 

Wagner H (1980) Valepobiate- Wirksarnes Prinzip der Baldrians. Dtsch. A pot h. Ztg. 120, 
731. 

Wang ZY, Niu FD ( 1980) Studies on the chemical constituents of the essential oil of 
Valerianajatamansi Jones. Acta Bot. Yunn. 2, 58-61. 

Weberling F (1970) Valerianaceae. ln fllustrierte Flora von Mittel-Europa (Gustav Hegi 
ed.), Band VI/2, Paul Parey, Berlin, Hamburg, pp. 131-172. 

Weberling F, Endlich B, Engel K (1971) Zur systematischen Stellung von Valeriano 
pancicii Halacsy & BaJdacci tmd V. bertiscea. Osterr. Bot. Z. 119, 94-10 l. 

WeiB RF (1990) uhrbuch der Phytotherapie, 7th edn, Hippokrates Verlag, Stuttgart. pp. 
350-354. 

Wichtl M (1989) Teedrogen, 2nd edn, Wissenschaftliche V erlagsgesellschaft, Stuttgan, 
pp. 79-82. 

Wienschlerz HJ (1978) Erfahnmgen bei der Kultivierung von Valeriano wa/lichii (DC) in 
der Bundesrepublik Deutschland. Acta Horticult. 73,315-321. 

Willey LB, Mady SP, Cobaugh OJ, Wax PM {1995) Valerian overdose: a case report. Vet. 
Human Tocicol. 37, 364-365. 

Woerdenbag HJ, DeSmet PAGM, Scheffer JJC (1993) Plantaardige geneesmiddelen in 
mediscb-farmaceutisch perspectief. Pharm. Weekbl. 118, 164-177. 

Woerdenbag HJ, Merfort l, PaBreiter CM, Schmidt ThJ., Willuhn G, Van Uden W, Pras 
N, Kampinga HH, Konings A WT {1994) Cytotoxicity of flavonoid.s and 
sesquiterpene Jactones from Arnica species against the GLC4 and the COLO 320 
cell lines. Planta Med 60, 434-437. 

Woerdenbag HJ (1995) The role and research of phytomedicines in European countries. 
Ned Tijdschr. Fytother. 8, 13-16. 

175 



Woerdenbag lU, Ltake LR, Bos R. SteVens JF, Hulst R., Krui7inga WH, Zhu Y-P, Elema 
ET, Hendriks H, Van Udeo W, Pras N (1996) Isolation of two cytotoxic 
diterpenes from the fern Pteris multifida. Z Naturforsch Sl c, 635-638. 

Woerdenbag ID, Bos R, Scheffer JJC (1997) Valerian: Quality assw-ance of tbe crude 
drug and its preparations. In Valerian, the Genus Valerian (Houghton PJ, ed.), 
Harwood Academic Publishers, Amsterdam, pp. 101-128 

Zwaving JH (1993) Kwaliteitscoolrole van natuurlijke grondstoffen door de apotbdcer eo 
zijn rol in de voorlicbting over plantaardige geoeesmiddeleo aan de patient. 
Pharm. Weekbl. 128, 178-184. 

176 

Publications 

Zwaving JH, Smith D, Bos R ( 1971) The essential oil of chervil, Anthriscus cerefolium 
(L.) Hoffinan. Pharm. Week.bl. 106, 182-189. 

Tattje Dlffi, Bos R (1971) De vluchtige olie van Myrica pensylvanica Loisel. Pharm. 
Weekbl. 106, 361-365. 

Tattje DHE, Bos R (1972) De vluchtige olie van Ruta graveolens L. (II) Pharm. 
Week.bl. 107, 261-265. 

Malingre ThM, Hendriks H, Battennan S, Bos R (1973) The presence of cannabinoid 
components in the essential oil of Cannabis sativa L. Pharm. Weekbl. 108, 
549-557. 

Tattje DHE, Bos R., Van Kernebeek G ( 1974) De vluchtige olie van Ruta graveolens L. 
(IIO Pharm. Weekbl. 109,881-884. 

Tattje DHE, Bos R (1974) De vluchtige olie van Myrica gale L. Pharm. Weekbl. 109, 
1189-ll95. 

Malingre ThM, Hendriks H, Batterman S, Bos R,Visser JF (1975) The essential oil of 
Cannabis sativa. Planta Med. 28, 56-61. 

Hendriks H, Malingre ThM, Batterman S, Bos R (1975) Mono- and sesquiterpene 
hydrocarbons of the essential oil of Cannabis sativa. Phytochemistry 14, 814-
815. 

Hendriks H, Malingre ThM, Batterman S. Bos R (1977) Alkanes of the essential oil of 
Cannabis sativa. Phytochemistry 16, 719-721. 

Hendriks H, Malingre ThM, Battennan S, Bos R (1978) The essential oil of Cannabis 
sativa L. Pharm. Weekbl. 113, 413-424. 

Buurma H, Bos R., Tattje DHE, Zwaving JH ( 1978) Sesquiterpenes from the essential 
oil of Astrantia major. Phytochemistry 17, 2129. 

Tanje DHE, Bos R (1978) The essential oil of Ruta graveolens L. (IV), the 
composition of the root oil. Pharm. Weekbl. 113, 1169-11 74. 

Tattje DHE, Bos R (1979) Valeranone, valerenal and vitispirane in the leaf oil of 
Liquidambar styraciflua. Phytochemistry 18, 876. 

ROst LCM, Bos R (1979) Biosystematic investigations with Acanls L., 3. cornm. 
Constituents of essential oils. Planta Med. 36, 350-361 . 

Denee R, Bos R., HazelboffB (1979) Isolation and strucrure elucidation ofisovaltral, a 
decomposition product ofisovaltrate. Planta Med. 37,45-48. 

Bos R., Tattje DHE (1979) De vluchtige olie van Myrica pensylvanica L. (U) Danseria 
16, 16-20. 

Tattje DHE, Bos R., Bruins AP (1980) Constituents of essential oil from leaves of 
Liquidambar styraciflua L. Plant a Me d. 38, 79-85. . 

Hendriks H, Batterman S, Bos R., Huizing HJ, Malingre ThM (1981) Use of Amberhte 
XAD-2 colwnns for the separation of cannabinoids from Cannabis extracts. J. 
Chromatogr. 205, 444-450. 

177 



Tattje DHE, Bos R (1981) Composition of essential oil of Ledum palustre. Plant a Med 

41, 303-307. 
Hendriks H, Bos R, Allersma DP, Malingre ThM, Koster AS (1981) Pharmacological 

screening of valerenal and other components of the essential oil of Valeriano 

officina/is L. Planta Med 42, 62-68. 
Van Dooren B, Bos R, Tattje DHE (1981) Composition of essential oils of some 

Senecio species. Planta Med. 42, 385-389. 
Hokwerda H, Bos R, Tattje DHE, MalingrC ThM (1982) Composition of essential oils 

of Laurus nobilis L., Laurus nobilis var. angustifo/ia and Laurus azorica. 

Planta Med 44, 116-119. 
Bos R, Bruins AP, Hendriks H (1982) Chem.ische Ionisation mi~ negativen lonen, ein 

neues, wichtiges Hilfsmittel filr die Analyse atherischer Ole. In Atherische. Ole, 
Analytik; Physiologie, Zusammensetzung (Kubeczka KH, ed.). Georg Thieme 
Verlag, Stuttgart-New York, pp. 25-32. 

Tittel G, Wagner H, Bos R (1982) Ober die chemische Zusammensetzung von 
Melissenolen. Planta Med 46, 91-98. 

Gijbels MJM. Bos R, Scheffer JJC, Baerheim Svendsen A (1983) PhthaHdes in roots of 
Opopanax chironium. Planta Med. 41, 3-6. . 

Bos R, Hendriks H, Kloosterman J, Sipma G (1983) A structw'e of faunnone, a 
sesquiterpene ketone isolated from Valeriano officina/is. Phytochemistry 22, 

1505-1506. 
Bos R, Hendriks H, Van Os FID. (1983) The composition of the essential oil in the 

leaves of Coleus aromaticus Bentham and their importance as a component of 
the Species antiaphthosae Ph. Ned. Ed. V. Pharm. Weekbl. Sci. Ed. 5, 129-

131. 
Hendriks H, Bos R (1984) Essential oils of some Valerianaceae. Dragoco Rep. 1, 3-17. 
Melnikov VN, Bugaenko L, Hendriks H, Bos R (1984) Chemical composition of the 

essential oil of Mentha spica/a. Rastituti Resursi. 20, 131-136. 
Hendriks H, Bos R, Woerdenbag HJ, Koster AS (1985) Central nervous depressant 

activity of valerenic acid in the mouse. Plant a Med. 51, 28-31. . 
Gupta MP, Arias TO, Williams NH, Bos R, Tanje DHE (1985) Safrole, the mam 

component of the essential oil from Piper auritum of Panama. J. Nat. Prod. 

48, 330-343. 
Hendriks H, Bos R, Bruins AP ( I 985) Analysis of the essential oil of Eupatori~m 

canabinum by combined gas chromatography-mass spectrometry usmg 
electron impact and negative ion chemical ionization. Planta Med 51 , 473-

546. 
Saleh MM, Zwaving m. Malingre ThM, Bos R (1985) The essential oil of Apiu"! 

graveolens var. secalinum and its cercaricidal activity. Pharm. Weekbl. Set 

Ed. 1, 277-279. 

178 

Bos R, Hendriks H, Bruins AP, Kloostennan J, Sipma G {1986) Isolation and 
identification of valerenane sesquiterpenoids from Valeriano officina/is. 
Phytochemistry 2S, 133-135. 

Bos R, Hendriks H, Kloosterman J, Sipma G (1986) Isolation of the sesquiterpene 
alcohol (-)-pacifigorgiol from Valeriano officina/is. Phytochemistry 2S, 1234-
1235. 

Bos R, Van Putten FMS, Hendriks H, Mastenbroek C ( 1986) Variations in the essential 
oil content and composition in idividual plants obtained after breeding 
experiments with a Valeriano officina/is strain. In Progress in Essential Oil 
Research (Brunke EJ, ed.), Walter de Gruyter, Berlin, pp. 123-130. 

Schmidt S, Bos R (1986) Volatiles of Orthosiphon s tamineus Benth. In Progress in 
Essential Oil Research (Brunke EJ, ed.), Walter de Gruyter, Ber~ pp 93-97. 

Montenarella L, Bos R, Fischer FC ( 1986) The essential oil in lamina and petiole of 
Heracleum dissectum leaves. Planta Med. 52, 332-334. 

Kubeczka KH, Ullmann 1, Schultze W, Bos R (1989) The essential oil of Lomatiwn 
grayi fruits. Composition and chemotaxonomic implications. J. Essent. Oil 
Res. 2, 91-96. 

Hendriks H, Vander Elst DID, Van Punen FMS, Bos R (1990) The essential oil of 
Dutch tansy (Tanacetum vulgare L.). J. Essent. Oil Res. 2, 155-1 62. 

Tucker AO, Hendriks H, Bos R, Fairbrothers DE ( 1991 ) The origin of Mentha x 
gracilis (Lamiaceae). ll, Essential oils. Econ. Bot. 4S, 200-215. 

Woerdenbag HJ, Hendriks H, Bos R (1991) Eupatorium cannabinum L., der 
Wasserdost oder Wasserhanf. Z. Phy tother. 12, 28-34. 

Woerdenbag HJ, Pras N, Bos R, Visser JF, Hendriks H, Malingre ThM (1 991) Analysis 
of artemisinin and related sesquiterpenoids from Artemisia annua L. by 
combined gas chromatography/mass spectrometry. Phytochem. Anal. 2, 215-
219. 

Bos R, Woerdenbag HJ, Hendriks H, Malingre ThM (1992) Der indische oder 
pakistanische Baldrian, Valeriano wallichii DC. (= Valeriano jaramansi 
Jones). Z. Phytother. 13, 26-34. 

Woerdenbag HJ, Bos R, Hendriks H (1992) Eupatorium perfoliatum L., der 
'durchwachsene' Wasseihan.f. Z. Phytother. 13, 134-139. 

Zwaving JH, Bos R (1992) Analysis of the essential oils of five Curcuma species. 
Flavour Fragr. J. 7, 19-22. 

Woerdenbag HJ, Bos R, Salomons MC, Hendriks H, Pras N, Malingre ThM (I 993 ) 
Volatile constituents of Artemisia annua L. (Asteraceae). Flavour Fragr J 8 . 
131-137. 

Hendriks H, Bos R, Woerdenbag HJ (1993) Der Rainfam - eine potentielle Arznei
pflanze? Z. Phytother. 14, 333-336. 

Bos R, Woerdenbag HJ, Zwaving JH (1994) Valeriaan en valeriaanpreparaten. Pharm. 

Weekbl. 129, 37-43. 

179 



Woerdenbag HJ, Pras N, Chan NG, Bang BT, Bos R, Van Uden W, Y PV, Boi NV, 
Batterman S, Lugt CbB {1994). Artemisinin, related sesquiterpenes, and 
essential oil in Artemisia annua during a vegetation period in Vietnam. Planta 
Med 60, 272-275. 

Bos R. Woerdenbag HJ, Hendriks H, Zwaving JH, DeSmet PAGM, Tittel G, WikstrOm 
HV, Scheffer JJC (1996) Analytical aspects of pbytotherapeutic valerian 
preparations. Phytochem. Anal. 1, 143-151. 

Hendriks H, Bos R, Woerdenbag HJ (1996). The essential oil of Tanacetum 
parthenium (L.) Scbultz-Bip. Flavour Fragr. J. 11, 367-371. 

Zwaving JH, Bos R (1996) Composition of the essential fruit oil of Vi lex agnus-castus. 
Planta Med. 62, 83-84. 

Zwaving JH, Bos R, ( 1996) Composition of the essential oil from the root of Sassafras 
albidum (Nutt.) Nees. J. Essen/. Oil Res. 8, 193-195. 

Bos R, Woerdenbag HJ, Hendriks H. Sidik, WikstrOm HV, Scheffer JJC {1996) The 
essential oil and valepotriates from roots of Va/erianajavanica Blume grown 
in Indonesia Flavour Fragr. J. 11, 321-326. 

Woerdenbag HJ, Lutke LR, Bos R, Stevens JF, Hulst R, Kruizinga WH, Zhu ':· 
EJema ET, Hendriks H, Van Uden W, Pras N (1996) Isolation of two cytotoXJc 
diterpenes from the fern Pteris multifida. Z. Naturforsch. 51, 635-638. 

Bos R, Woerdenbag HJ (1996) Analytical aspects of the essential oil, valerenic acid 
derivatives, and valepotriates in Valeriano officina/is roots and rhizomes. In 
Beitrage zur Zuchtungsforschung. Bundesanstalt filr Ziichtungs- forschung an 
Kulturpflanzen. 2. Jahrgang, Heft 1, pp. 355-358 

Bos R, Woerdenbag HJ, Hendriks H, Smit HF, WikstrOm HV, Scheffer JJC (1997) 
Composition of the essential oil from roots and rhizomes of Valeriano 
wallichiiDC. Flavour Fragr. J. U . 123-131. 

Bos R, Woerdenbag HJ, De Smet PAGM, Scheffer JJC {1997) Valeriano species. In 
Adverse Effects of Herbal Drugs, Vol. 3 (DeSmet PAGM, Ketler K, Hansel R, 
Chandler RF, eds.), Springer-Verlag, Berlin, Heidelberg, pp. 165-180. 

Bos R, Woerdenbag HJ, Hendriks H, Scheffer JJC (1997) Occurrence of valerenic acid 
and valepotriates in taxa related to Valeriano officina/is L. s./. Sci. Pharm. 65, 
165-168. 

Hendriks H, Andersoo-Wildeboer Y, Engels G, Bos R, Woerdenbag HJ (1997) The 
content of parthenolide and its yield per plant during the growth of Tanacetum 
parthenium (L.) Schultz-Bip. Planta Med. 63, 356-359. 

Woerdenbag HJ, Bos R, Scheffer JJC (1997) Valerian: Quality assmance of the crude 
drug and its preparations. In Valerian, the Genus Valerian, (Houghton PJ, 
ed.), Harwood Academic Publishers, Amsterdam, pp 101-128. 

Bos R, Woerdenbag HJ, Hendriks H, Scheffer JJC (1997) Composition of the essential 
oils from underground parts of Valeriano officina/is L. s.l. and several closely 
related taxa. Flavour Fragr J. 12, 359-370. 

180 

Bos R, Woerdenbag HJ, Hendriks H, Kruizinga WH, Herrema JK. Scheffer JJC ( 1997) 
Methyl valerenate, a new sesquiterpenoid in the essential oil from underground 
parts ofv Valeriano officina/is L. s.l. Z.. Naturforsch. , 52c, xxx-xxx. 

Bos R, Woerdenbag HJ, VanPutten FMS, Hendriks H, Scheffer JJC (1997) Seasonal 
variation of the essential oil, valerenic acid and derivatives, and valeptriates in 
Valeriano officina/is roots and rhizomes, and the selection of plants suitable 
for phytomedicines. P/anta Med. in press. 

Bos R, Hendriks H, Scheffer JJC, W oerdenbag HJ ( 1997) Cytotoxic potential of 
valerian constituents and valerian tinctures. Phytomed. , in press. 

181 



Nawoord 

Het onderzoek dat ik in dit proefschrift heb beschreven, is voor een dee! bet 
resultaat van een goede samenwerking tussen de werkgroep Farmaceutische 
Biologie en de Verenigde Nederlandse Kruidencooperatie in Elburg. Nu het 
proefschrift klaar is, wil ik iedereen die op zijn of haar manier een bijdrage 
heeft geleverd heel hartelijk bedanken. 

Mijn promotores, Prof. Dr. H.V. Wikstrom en Prof. Dr. J.J.C. Scheffer 
ben ik dank verschuldigd voor hun goede begeleiding, hun bereidheid als 
promotor op te treden, en voor bet kritisch lezen van het manuscript. Hans 
Scheffer ben i.k bovendien nog dankbaar voor bet zeer conscientieus nakijken 
van bet manuscript waarmee vele uren gemoeid moeten zijn geweest. 

Dr. Herman Woerdenbag was, na het overlijden van Prof. Dr. Th.M. 
Malingre, het eerste aanspreekpunt. Herman, ik heb je bet afgelopen jaar 
tevens leren waarderen als kamergenoot, boewel klassieke muziek, en met 
name opera, niet tot je favoriete genre behoorde. Vooral voor je geduld, je 
substantiele bijdrage aan bet gebeel en de praktiscbe bijdrage aan bet laatste 
hoofdstuk ben i.k je veel dank verschuldigd. 

Dr. Henk Hendriks ben i.k zeer erkentelijk voor zijn kritiscbe inbreng 
bij onze gezamenlijke publicaties en bet becommentarieren van bet manuscript. 

Zonder bet enthousiasme van Freeke van Putten, die ondanks de 
onvermijdelijke stofwolken en de daaropvolgende niesbuien bet grootste dee! 
van de monstervoorbereiding verzorgde, was bet aantal verkregen resultaten 
niet zo groot geweest. 

Ik ben de werkgroep Farmaceutische Biologie erkentelijk, in eerste 
instantie wijlen Prof. Dr. Th.M. Malingre, voor de toestemming om een 
promotie-onderzoek te mogen starten, en in een later stadium Dr. Jan Zwaving 
en Dr. Niesko Pras, heiden als werkgroepleider a.i., voor de mogelijkheid en de 
vrijheid die zij mij gaven om het onderzoek te kunnen voortzetten en afronden. 

Niet te vergeten, mijn dank geldt ook alle ondersteunende diensten van 
bet Universitair Centrum voor Farmacie, met name Dr. Andries Bruins en 
Margot Jeronimus-Stratingh van de massaspectrometrieafdeling, die er steeds 
weer in slaagden de Finnigan bedrijfsklaar te bouden. 

Zonder plantenmateriaal was dit onderzoek niet mogelijk geweest. Jan 
Visser ben ik zeer erkentelijk voor bet verzamelen van de verschillende 
zaadmonsters en bet opkweken van het jonge plantenmateriaal. 

V oor het gebruik van de proeftuin in Elburg ben ik het Bestuur van de 
Verenigde Nederlandse Kruidenco0peratie u.a. en vooral de directeur A.J. 
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Ottens veel dank verscbuldigd. Dankzij deze faciliteit was er altijd voldoende 
planten.materiaal aanwezig. Voor bet veredelingswerk wil ik Ir. Ingeborg 
Westerdijk-Hoks hartelijk bedanken. Voor bet opkweken, het verzorgen, en bet 
regelmatig oogsten en verzenden van bet plantenmateriaal ben ik Frank 
Nagelhout zeer erlcentelijk. 

In bet kader van bun bijvakonderzoek bebben Perry Kuiper en Wil 
Speerstra hun steentje aan bet onderzoek bijgedragen. Als HBO- en MBO
stagiaires hebben Jeanette Alkema en Harm-Jan Visser een groot aantal 
valeriaanmonsters geanalyseerd. 

Zonder de specifieke kennis op hun vakgebied van degenen die als 
mede-auteur aan de verschillende publicaties hebben meegewerkt, zou dit 
proefschrift niet in deze vorm tot stand zijn gekomen. 

Bei Christa und Gerolf Tittel mochte ich mich herzlich fiir die vielen 
Diskussionen tiber die phytochemische Analyse und ihre Methoden bedanken, 
Bei unseren regelmi6igen Besuchen in Grifelfing wurden viele Probleme 
dislrutiert und gelost bei einem original bayrischen Weim>ier oder einem guten 
Schoppen Frankenwein. 

De leden van de promotiecommissie, Prof. Dr. R Verpoorte, Prof. Dr. 
K.-H. Kubeczka en Prof. Dr. W. Kubelka, ben ik zeer erkentelijk voor bet 
kritisch beoordelen van het manuscript; Rob V erpoorte vooral voor de goede 
suggesties waardoor hoofdstuk 2 toch een leesbaar geheel is geworden. Bei 
Karl-Heinz Kubeczka und Wolfgang Kubelka bedanke icb mich herzlich fiir 
die Bereitwilligkeit, das Manuskript zu begutachten. 

V erder wil ik iedereen, die hier niet met naam genoemd wordt, maar 
toch - in welke vonn dan ook - een bijdrage aan dit proefschrift heeft geleverd, 
daarvoor hartelijk danken. 

Tot slot wil ik de leden van de werlcgroep Farmaceutische Biologie die 
door de jaren been bij de werkgroep werkzaam zijn geweest, of dat nog zijn, 
bedanken voor de prettige samenwerking. 
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