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Resumo

Valeriana glechomifolia é uma espécie vegetal endémica da regido sul do Brasil. Ela
acumula valepotriatos em todos os seus 6rgaos, que sao os possiveis componentes sedativos
das espécies de Valeriana utilizadas farmaceuticamente.

Foi comparado o crescimento in vitro de V. glechomifolia em meios de cultura
s6lidos Murashige e Skoog completo (MS), com 75% dos nutrientes inorganicos (MS 75) ou
em uma formulacdo modificada (M A) em culturas mantidas a longo prazo, por até 9 meses
sem subcultura. Alteragdes da biomassa, do desenvolvimento de raizes e partes aéreas, bem
como a producdo dos valepotriatos acevaltrato, valtrato e diidrovaltrato foram avaliadas
mensalmente. O maior aumento de biomassa e desenvolvimento foliar foi detectado em
plantas cultivadas em meio MS, e o melhor desenvolvimento radicular foi observado em
plantas cultivadas em meio MS modificado (M A) durante o cultivo. A andlise por
Cromatografia Liquida de Alta Eficiéncia mostrou que o maximo de rendimento de valtrato e
diidrovaltrato foi apds os seis meses de cultivo em plantas em meio M A, enquanto a maior
concentracao de acevaltrato foi encontrada em plantulas cultivadas em meio MS 75, apds sete
meses de cultivo. Os resultados sugerem uma relagdo direta entre crescimento e acimulo de
valepotriatos, e um efeito positivo do aumento da quantidade de micronutrientes e de meso-
inositol nos rendimentos valepotriatos em plantas mantidas em longo periodo de cultivo.

Também foi analisado o efeito neurocomportamental de um extrato contendo uma
mistura de valepotriatos (EV) de V. glechomifolia. Camundongos adultos foram tratados com
doses de 1, 3 e 10 mg/kg de EV ou veiculo, 30 minutos antes dos testes. Durante a exploracdo
no campo aberto, os camundongos tratados com 10 mg/kg mostraram redu¢ao na locomogao e
no comportamento exploratorio (nimero de rearings) em comparaciao aos animais controle, e
0 EV nio induziu altera¢do na ansiedade. Todos os grupos realizaram normalmente a tarefa de
memoria de reconhecimento de novo objeto, exceto o grupo que recebeu 3 mg/kg, que
apresentou piora na memoria de reconhecimento do novo objeto. Os resultados indicaram que
os camundongos tratados com valepotriatos ndo apresentaram déficits de memoria aversiva de
longa duracdo, e apenas a dose de 3 mg/kg apresentou um prejuizo na tarefa de memoria de
reconhecimento de novo objeto, além de uma possivel propriedade sedativa na dose de 10

mg/kg.

Palavras-chave: Valeriana, cultivo in vitro, atividade farmacoldgica
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Abstract

Valeriana glechomifolia is a plant species endemic to southern Brazil. It accumulates
the terpene derivatives valepotriates, the presumed sedative components of the
pharmaceutically used species of Valeriana, in all of its organs.

In vitro growth of V. glechomifolia on solid Murashige and Skoog (MS) without
phytohormones at full, 75% (MS 75) or on a modified formulation (M A) was compared in
long term stock cultures kept for up to 9 months without subculture. Changes in biomass
accumulation, development of roots and shoots, as well as the production of valepotriates
acevaltrate, valtrate and didrovaltrate were monthly evaluated. The best root development was
observed in plants grown on modified MS medium (M A), whereas highest biomass
accumulation and leaf development were detected in MS medium grown plants throughout
the period. High Performance Liquid Chromatography analysis showed maximal valtrate and
didrovaltrate yields on M A grown plants harvested after six months of culture, whereas
acevaltrate concentration was highest on MS 75 grown plants after seven months of culture.
The overall results suggest a direct relationship between growth and valepotriate
accumulation, and a positive effect of increases in micronutrient and myo-inositol amounts on
valepotriate yields of long-term stock-cultures.

An extract containing a mixture of valepotriates (EV) of V. glechomifolia was
evaluated in relation to neurobehavioral parameters. Adult mice were treated with doses of 1,
3 and 10 mg/kg of EV or vehicle, 30 minutes before tests. During exploration of an open
field, mice treated with 10 mg/kg showed reduced locomotion and reduced exploratory
behavior (number of rearings) compared to control animals, and the EV did not induce
alterations in anxiety. All groups performed normally the task of novel object recognition
memory, except the group receiving 3 mg/kg dose, which showed decrease in novel object
recognition memory. The results indicated that mice treated with valepotriates presented no
deficits in long-term memory for aversive training and presented an impairment in novel
object recognition memory task only at 3 mg/kg, as well as a possible sedative proprieties at

10 mg/kg.

Key-words: Valerian, in vitro cultures, pharmacological activity
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CNS: Central Nervous System
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PS: Peso Seco
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VAL: Valtrato, Valtrate
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L. Introducao

Produtos naturais t€ém servido como importantes fontes de substancias quimicas
desde a Antigiiidade (Khan, 2006; Raza, 2006). A quimiodiversidade observada na natureza
(em plantas, microrganismos e organismos marinhos) revela grandes variacOes estruturais e
de propriedades bioldgicas, oferecendo assim uma interessante fonte em direcdo a novas

descobertas (Corrado, 2001).

Os vegetais e os produtos derivados do seu metabolismo secunddrio podem ser
utilizados como adesivos e revestimentos, agroquimicos, flavorizantes, fragrancias, corantes,
biopesticidas, além de aditivos alimenticios para fabricacio de medicamentos, produtos de
interesse terapéutico, que pela cura ou prevencdo de doengas apresentam sucesso no decorrer
da histéria (Ramachandra Rao & Ravishankar, 2002; Raskin et al., 2002; Fakim, 2006).
Embora as pesquisas de produtos naturais na indudstria farmacéutica tenham diminuido na
ultima década, os recentes avangos tecnoldgicos e as atuais expectativas levaram a um
renovado interesse na descoberta de novos compostos com atividades terapéuticas em
produtos naturais (Koehn & Carter, 2005). Os medicamentos fitoterdpicos e suplementos
alimentares tornaram-se uma opg¢ao popular em satde, com um mercado estimado de US$4

bilhdes nos Estados Unidos e US$6,7 bilhdes em Europa (Gruenwald, 2000).

O tratamento de diversas doencas foi obtido a partir de compostos fornecidos pela
natureza (Khan, 2006). O advento de medicamentos psicoterapéuticos permitiu o tratamento
de doencas mentais e outros problemas neuroldgicos, como a epilepsia, sem a necessidade de
internacdo hospitalar (Costa et al., 2004). Porém, algumas doencas neuroldgicas,
psicossomadticas e distirbios psiquidtricos, que tém apresentado crescente aumento, ainda nao
apresentam claramente elucidadas as suas causas, 0s seus mecanismos de acdo nem 0s seus
tratamentos (Kapczinski & Ribeiro, 2000). Dentre essas doencgas, a ansiedade, a depressdo e
as gastralgias associadas, bem como distirbios do sono, sdo tratados com benzodiazepinicos,
antidepressivos triciclicos e inibidores da monoaminooxidase, enzima responsavel pela

degradacdo de aminas bioativas (Graeff & Guimaraes, 2001).

A insdnia € o disturbio do sono mais freqiientemente encontrado na populagdo geral:
mais de 50 estudos epidemioldgicos t€ém mostrado que 1/3 de diferentes populacdes
apresentaram problemas de insdnia (Schenck et al., 2003). A OMS reconhece a insdnia como
um problema de satide publica devido ao seu impacto negativo sobre a saide fisica e mental,

atividade social, capacidade de trabalho e sobre a qualidade de vida do individuo (Léger et al.,
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2002). As conseqiiéncias diurnas da insOnia incluem fadiga corporal, energia diminuida,
dificuldade de concentracdo, piora da memdria, baixa motivacdo, perda de produtividade,
irritabilidade, dificuldades de relacionamento, aumento de aborrecimento, ansiedade e
depressao (Moul et al., 2002; Ohayon & Roth, 2003). Persistentes insones nao tratados t€ém
um forte fator de risco para depressdo maior (Nowell & Buysse, 2001). Os benzodiazepinicos
constituem o grupo de medicamentos mais comumente utilizados de ansioliticos e sedativo-
hipnéticos (Auchewski et al., 2004). Sao prescritos principalmente como ansioliticos e
hipnéticos, além de possuir acdo miorrelaxante e anticonvulsivante (Andreatini et al., 2001).
Embora apresentem um tratamento relativamente seguro, as restricoes a utilizacdo de
medicamentos hipnéticos tém sido cada vez maiores, devido a incidéncia de efeitos colaterais
(Andreatini et al., 2001) relacionados a depressao do sistema nervoso central (Hardman et al.,
2001). Dentre os efeitos colaterais, os principais sdo diminuicao da atividade psicomotora,
prejuizo na memoria, desinibi¢do paradoxal, tolerincia e dependéncia, estrutura do sono
alterada, crises de abstinéncia, sonoléncia e/ou efeito rebote, diminui¢cdo da capacidade de
trabalho e do estado de alerta em situagdes de perigo (Kapczinski & Ribeiro, 2000; Poyares et
al., 2002) e a potencializacdo do efeito depressor pela interacdo com outras drogas
depressoras, principalmente o dlcool (Longo et al., 2000). Os pacientes que utilizam
medicacdo benzodiazepinica devem ser orientados sobre a ocorréncia de prejuizo no
rendimento por diminui¢do da atencdo, o que, conseqiientemente, pode aumentar o risco de

acidentes com automdveis e outras atividades psicomotoras (Hardman et al., 2001).

Dessa forma, alternativas para distirbios do sono que ndo causem tais reacdes
adversas tém sido pesquisadas, como por exemplo, valeriana, passiflora e kava, que sdo
possivelmente os fitoterdpicos mais comumente utilizados no mundo (Block et al., 2004). A
Organizag¢ao Mundial da Saide considera que as preparagdes farmacéuticas obtidas a partir de
Valeriana officinalis podem ser utilizadas como alternativa aos benzodiazepinicos, sendo sua
principal indicagio como sedativo leve (WHO, 1999). E um medicamento presente em
diversos Cddigos Oficiais Nacionais, como nas Farmacopéias Austriaca, Brasileira, Britanica,
Egipcia, Européia, Francesa, Germanica, Grega, Hungara, Iugoslava, Italiana, Japonesa,
Holandesa, Norueguesa, Norte-americana, Romena, Suica, Tchecoslovaca, ex-URSS, no The
US National Formulary, FDA’s Generally Recognized as Safe, German Commission E
(Blumenthal et al., 2000), Tyler’s Honest Herbal, e WHO Monographs on Selected Medicinal
Plants. Valeriana parece ter uma larga janela terapéutica, com grande margem de seguranca

entre a dose ativa e a dose letal (Willey et al., 1995). Testes clinicos relatam alguns efeitos
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adversos minoritarios (Block et al., 2004), mas a tolerancia nao é relatada (O'Hara et al.,

1998).

A familia Valerianaceae contém cerca de 350 espécies no mundo (Bell & Donoghue,
2005), e tem sido subdividida tradicionalmente em trés tribos: Triplostegieae, Patrinieae, e
Valerianeae, fracionadas em 14 géneros (Brummitt, 1992; Backlund & Moritz, 1998).
Algumas espécies da familia Valerianaceae, que sdo ervas perenes nativas da Europa e Asia
(Tyler, 1994) sao fontes de produtos naturais conhecidos desde a Antiguidade (Houghton,
1988). As primeiras descri¢des para propriedades de cura sao relatos de ancestrais Gregos e
Romanos (Petkov, 1979), bem como utiliza¢cdes na medicina tradicional chinesa, por indios
americanos e por europeus (Tesch, 2001). Na Idade Média, valeriana foi utilizada como
sedativo e agente espasmolitico; no século X, para tratar “aflicoes nervosas em mulheres” e
ansiedade; na Primeira Guerra Mundial, para tratamento de “choques de batalha” (Willey et
al., 1995); e na atualidade, partes subterraneas de algumas espécies de Valerianaceae tém sido
utilizadas etnofarmacologicamente nos paises europeus, na Asia e na América do Norte
(Sampaio et al., 1993; Cass, 2004). V. officinalis € a mais utilizada na medicina e cultivada
em larga escala na Europa para preparacao de fitomedicamentos (Morazzoni & Bombardelli,
1995; Bos et al., 1996). V. officinalis é principalmente utilizada na Europa Ocidental e no
Japao; V. wallichii, na fndia; V. edulis, no México e na China; V. angustifolia e V. Fauriei, no
Japao (Morazzoni & Bombardelli, 1995; Houghton, 1999). V. officinalis é vendida sem
receita médica em muitos paises, totalizando, por exemplo, US$ 8 milhdes nos Estados
Unidos, entre julho de 1997 e de 1998 (Stevinson & Ernst, 2000). Em 1998, esteve na lista
dos 12 fitoterdpicos mais vendidos nos EUA (O'Hara et al., 1998). Também foi a quarta
planta medicinal mais vendida na Europa na dltima década, ao passo que na Austrélia estd

entre as 10 plantas mais vendidas (Wills & Shohet, 2003).

Os principais empregos de fitoterdpicos derivados de partes subterraneas de espécies
de Valerianaceae devem-se ao efeito sedativo do sistema nervoso central (SNC), com
atividades para tratamento da insOnia, depressdo, hiperatividade gastrintestinal, com forte
efeito antiespasmodico e antiarritimico, hipotensivo, relaxante, vasodilador e fungicida
(Petkov, 1979; Hazelhoff et al., 1982; Fuzzati et al., 1996; Backlund & Moritz, 1998;
Houghton, 1999; Dewick, 2000; Cass, 2004; Gilani et al., 2005).

A valeriana ¢é freqiientemente utilizada em combinagdo com outras plantas
medicinais sedativas, tais como camomila, melissa, maracujd, erva-de-Sao-Jodo, framboesa e

lipulo (O'Hara et al., 1998; Berman & Cott, 1999; Cerny & Schmid, 1999; Beaubrun & Gray,
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2000; Miiller et al., 2003; Miiller & Klement, 2006).

Toda a matéria-prima utilizada para producdo de fitoterdpicos no Brasil a base de
valeriana € importada (Houghton, 1988; Hobbs, 1989; Korolkovas, 1999). Em nosso patis,
estdo registrados 11 medicamentos produzidos a base de valeriana: Calmazil® (Abnat),
Noctaval® (Sigma Pharma), Sonoripan® (Marjan), Vadorm® (Barrenne Industria
Farmacéutica Ltda.), Valeriane® (Nikkho), Valerimed® (Grupo Cimed), Valmane® (Solvay
Farma Ltda.), Valerin® (Fontovit Laboratérios Ltda.), Valerix® (Ativus farmacéutica Ltda.),
Valezen® (Laboratério Teuto Brasileiro Ltda.), Traminer® (Ativus Farmacéutica), e 3
fitoterdpicos em associagdo com outras plantas medicinais: Remilev®, em associagdo com
Humulus (Aché), Sedantol®, em associacdo com melissa e maracuja (Dovalle) e Sonhare®,
em associacdo com melissa (Boehringer Ingelheim). Todos sao indicados como calmante,
para distdrbio do sono, tensdo, estresse € como sedativo, sendo compostos por extratos secos
de raizes de V. officinalis, padronizados em relagdo aos dcidos valerénicos (ANVISA, 2006;

DEEF, 2005/06).

No Brasil, foram descritas dezessete espécies de Valeriana, encontradas desde Minas
Gerais (MG) até o Rio Grande do Sul (RS), com uma distribui¢do geografica de gradiente
meridional (Sampaio et al., 1993; Sobral, 1999a). Considerando a distribui¢do mundial,
valerianas tém preferéncia por altas elevacdes e regides montanhosas, com muitas espécies
nas zonas dos Alpes, e parecem requerer temperaturas mais baixas e umidade elevada para
prosperar (Bell & Donoghue, 2005), justificando a maior incidéncia de espécies no RS. Entre
as espécies descritas no Brasil, doze ocorrem no Rio Grande do Sul, sendo essas V.
bornmuelleri, V. catharinensis, V. chamaedryfolia, V. eichleriana, V. eupatoria, V.
glechomifolia, V. polystachya, V. reitzania, V. salicarifolia, V. scandens, V. tajuvensis e V.

ulei (Sobral, 1999a, 1999b, 1999¢).

V. glechomifolia Meyer (Fig. 1) é uma erva ginodidica, prostrada, enraizada nos
entrends, com tricomas de até 0,2mm de comprimento nas folhas arredondadas, dotadas de
0,6-1,1cm de comprimento e 0,8-1,5cm de largura, mais largas que longas, dentadas, com
nervuras secunddrias pouco evidentes em ambas as superficies. Possuem flores pistiladas,
frutos oblongos e ramos que se elevam a no maximo 2cm do solo, formando novas raizes a
cada brotacdo (Sobral, 1999a). Esta espécie ocorre em locais abertos nos campos de altitude
de Santa Catarina e do Rio Grande do Sul, onde desde 1960 s6 foi encontrada quatro vezes. V.
glechomifolia encontra-se na lista de espécies da flora do Rio Grande do Sul ameagadas de

extin¢do (IBAMA, 1992).
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Figura 1. Aspecto geral de V. glechomifolia. Fonte: Sobral, 1999a.

Atividades Bioldgicas e Constituintes Quimicos de Valerianas

Apesar da ampla utilizacdo e das investiga¢des quimicas e farmacoldgicas referentes
a acdo sedativa de Valeriana spp, ainda nao foi relatado o mecanismo de acdo preciso para a
acdo farmacoldgica dessas plantas (Cass, 2004), e existem controvérsias quanto aos
compostos responsdveis pelas atividades bioldgicas (Tesch, 2001; Cass, 2004). Mas é devido
a acdo efetiva no tratamento de insdnia e distirbios do sono que valeriana tem sido
amplamente utilizada na Europa por décadas (Houghton, 1999), e seu uso tem se tornado

popular nos Estados Unidos (Barnes et al., 2002).

Estudos demonstraram que os efeitos sedativos de valeriana foram um pouco
inferiores do que os dos benzodiazepinicos e os de outros compostos similares (Leuschner et
al., 1993). Um ensaio clinico duplo-cego (em 128 pacientes voluntarios) evidenciou que a
administracdo de um extrato aquoso liofilizado de raiz de valeriana, na dose de 400mg/dia
provocou diminui¢do do tempo necessdrio para adormecer, menor quantidade de movimentos
na cama, e sem a cldssica ressaca matinal (hangover), que ocorre na utilizacdo de outros
psicofarmacos (Leathwood & Chauffard, 1982). Em outros dois estudos duplos-cegos com 8
pacientes com insOnia moderada e 10 pacientes sem insOnia, a administracdo entre 450-

900mg do extrato aquoso liofilizado de raiz de valeriana demonstrou diminui¢do significativa
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na laténcia de inicio de sono em ambos os grupos (Leathwood & Chauffard, 1985; Balderer &

Borbely, 1985).

Os efeitos benéficos de extratos de raizes de valeriana (600mg/dia) foram
confirmados em outro estudo duplo-cego, que abrangeu 121 pacientes com insdnia,
verificando-se 50% de melhora na qualidade do sono em relacdo ao placebo apds quatro
semanas de tratamento (Vorbach et al., 1966). Em um ensaio clinico realizado em criangas
com déficit intelectual e com insdnia, o extrato de valeriana demonstrou melhoras clinicas

significativas em relagdo ao grupo controle (Francis & Dempster, 2002).

Outras espécies de valerianas também se mostraram efetivas, como V. edulis,
conhecida como valeriana mexicana. Em um estudo clinico cruzado, randomizado, duplo-
cego em 20 pacientes com insdnia, Herrera-Arellano et al (2001) constataram que tanto a
administracdo de 450mg de extrato de V. edulis como a de V. officinalis aumentaram
significativamente a fase REM do sono, melhorando significativamente a qualidade e
quantidade do mesmo. Além disso, pode-se comprovar o efeito dos extratos de valeriana em
pacientes que haviam deixado ou interrompido seu tratamento com benzodiazepinicos

(Poyares et al., 2002).

Até meados do século XX, as a¢Oes farmacoldgicas de extratos de valeriana eram
atribuidas aos monoterpenos presentes nos Oleos voldteis, como o borneol (Fig. 2a)
(Houghton, 1999), bem como aos sesquiterpenos caracteristicos, como os acidos valerénicos
(Fig. 2b) (Dietz et al., 2005). Na década de 1960, apds a identificagdo dos iridéides ndo
glicosilados valepotriatos (Fig. 2c), esses compostos passaram a ser apontados como
responsaveis pelo efeito sedativo (Houghton, 1988; Cass, 2004), bem como os seus produtos

de degradacdo, os baldrinais (Fig. 2d) (Houghton, 1999).

CH2OCOCHS

HO»

COOH
Figura 2. Estrutura molecular dos principais constituintes quimicos de valeriana. (a) borneol, monoterpeno
biciclico presente no 6leo voldtil; (b) dcido valerénico, sesquiterpeno presente no 6leo voldtil; (c) estrutural geral
dos monoterpenos valepotriatos; (d) baldrinais. Fonte: Houghton, 1999; Fernandez et al., 2004; Dietz et al.,
2005.
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Molecularmente, dados de um estudo de Yuan er al (2004) sugerem que os efeitos
farmacoldgicos de extratos de valeriana e dcidos valerénicos sdo mediados pela modulacdo da
funcdo de receptores de dcido y-aminobutirico (GABA) do tipo A. E relatado que diferentes
constituintes de valeriana interajam com o sistema GABA no cérebro, causando: (a) inibi¢ao
de GABA-transaminase, (b) interferéncia na recaptacdo e liberacdo de GABA na fenda
sindptica (Morazzoni & Bombardelli, 1995; Houghton, 1999) e (c) interacdo com receptores
GABA/benzodiazepinicos, com menor afinidade e efeitos clinicos mais leves (Mennini et al.,
1993), explicando, ao menos em parte, o efeito sedativo e ansiolitico de V. officinalis. Fracdes
lipofilicas provenientes de extratos hidroalcodlicos totais de V. officinalis também
demonstraram afinidade por receptores barbitiricos, bem como o diidrovaltrato, com os
receptores benzodiazepinicos periféricos (Morazzoni & Bombardelli, 1995). Interacio com
receptores 5-HT1A e adenosina também foi relatada (Wong et al., 1998). A flavona 6-
metilapigenina, isolada de raizes e rizomas de V. wallichii, exibiu propriedades agonistas em
receptores GABA (Wasowski ef al., 2002). Extratos de valeriana e dcido valerénico também
sdo agonistas parciais de receptores 5-HT5A (Dietz et al., 2005). A lignana 4’-O-B-D-
glicosil-9-0O-(6’-desoxisacarosil)olivila, isolada de raizes de V. officinalis, exibiu atividade
agonista parcial em receptores de adenosina A; (Miiller, 2000). J4 os valepotriatos
demonstraram ligacdo a receptores dopaminicos, podendo inibir o efeito estimulatério da
dopamina endégena no SNC (Houghton, 1999). Também tém sido atribuidas atividades as
substancias polares em extratos de valeriana, como os aminodcidos GABA, glutamato,
tirosina, arginina e glutamina (Santos et al., 1994a; ESCOP, 1997; Houghton, 1999), aos
alcaldides valeranina e actinidina (Morazzoni & Bombardelli, 1995), aos flavonodides
hesperidina (Marder et al., 2003) e linarina (Ferndndez et al., 2004), as lignanas (Houghton,
1999) ou também a possiveis acdes sinérgicas (Hendriks et al., 1981; Morazzoni &

Bombardelli, 1995; Houghton, 1999).

Os oleos voléteis possuem composi¢ao bastante varidvel, bem como a concentracio
(menos de 1% no material pulverizado e ndo mais que 5% no extrato etandlico) (Houghton,
1999). Na composicdo do dleo volatil de V. officinalis e V. faueri foram encontrados
monoterpenos e sesquiterpenos hidrocarbonados, oxigenados e ciclopentandides. Os
principais componentes sao borneol e seus ésteres acetil e isovalérico (acetato de bornila e
isovalerenato de bornila), d4cidos valerénicos (acidos valérico, isovalérico e
acetoxivalerénico), valeranona, kesil glicol (Houghton, 1999), a e B-pineno, valerenal, entre

outros (Hobbs, 1989; Grinicher et al., 1995; Bos et al., 1996; Tori et al., 1996). Tanto o 6leo
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da raiz como os compostos voldteis purificados (baldrianol, borneol, isoborneol, acetato de
bornila e acetato de isobornila) foram empregados em técnicas de aromaterapia, provocando
efeitos sedativos em animais por meio de inalacdo (Buchbauer et al., 1992). O odor
caracteristico considerado desagraddvel de valeriana ocorre devido a atividades enzimadticas
sobre Oleos volateis e outros constituintes, onde o acido isovalérico € comumente estereficado

no anel, e a ligacdo éster € facilmente hidrolizada (Houghton, 1999).

Como constituintes minoritarios, foram isoladas de raizes de V. officinalis pequenas
quantidades de alcal6ides monoterpénicos (Torsell & Wahlberg, 1967), como valerianina
(Franck et al., 1970), actinidina e naftiridilmetilcetona (Janot et al., 1979), bem como a-

metilpirrilcetona e esquiantina (Torssell & Wahlberg, 1967).

Os flavondides mais relatados para o gé€nero sdo quercetina, diosmetina, luteolina,
apigenina, acacetina, caempferol, acacetina 7-O-B-soforosideo, acacetina 7-O-(6"-O-0-
ramnopiranosil)-B-soforosideo, hesperidina, 6-metilapigenina e linarina (Fursa & Litvinenko,
1981; Fursa & Belyaeva, 1983; Fursa et al., 1987; Tang et al., 2002; Wasowski et al., 2002;
Marder et al., 2003; Fernandez et al., 2004). Foram isoladas as lignanas pinoresinol e (+)-1-

hidroxipinoresinol (Bach et al., 1993).

Os iridéides sdo compostos classificados em dois grupos: carbociclicos e seco-
iridéides, restritos as dicotiledoneas, sendo abundantes na ordem Dipsacales, na qual esta
incluida a familia Valerianaceae (Dahlgren, 1989). Os iridéides carbociclicos ndo glicosilados
do tipo valepotriatos sdo produtos do metabolismo secunddrio vegetal de valerianas, sendo
compostos por um esqueleto monoterpeno furanopiranoidico (Backlund & Moritz, 1998;
Houghton, 1999). Suas variacdes estruturais devem-se aos diferentes substituintes dcidos
esterificados com os grupos hidroxila, a presenca ou auséncia de um grupo epdxido e ao
numero e posicao das ligacdes duplas no nicleo principal (Hobbs, 1989). Monoterpenos que
apresentam anéis carbociclicos com configuracdo 8 podem ser monoénicos (apenas uma
dupla ligacdo no anel) ou di€nicos (uma segunda ligacdo dupla entre C5-C6 no anel). Os
valepotriatos monoénicos mais freqiientemente relatados em espécies de Valeriana sdo
diidrovaltrato, homodiidrovaltrato, isovaleroxi-hidroxi-diidrovaltrato  (IVHD-valtrato),
acetoxi-hidroxi-valtrato (AHD-valtrato) e isodiidrovaltrato, enquanto os diénicos sdo valtrato,
isovaltrato, diavaltrato, homovaltrato, homoacevaltrato, hidroxivaltrato, iso-homoacevaltrato,
seneciovaltrato e 1-B-acevaltrato e desacetil-isovaltrato (Thies, 1968; Houghton, 1988; Hobbs,

1989; Bach et al., 1993). Também foram relatados os valepotriatos valtrato-hidrinas,
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desoximonoénicos (desoxi-diidrovaltrato e desoxi-homodiidrovaltrato), e patrinosideo,

valeclorina e valerosidato (Bos et al., 2002).

Por ndo serem glicosilados e possuirem ligacdes de ésteres, valepotriatos possuem
polaridade intermedidria, sendo extraidos com solventes alcodlicos, o que explicaria a
atividade farmacoldgica das formas farmacéuticas do tipo tinturas. Valepotriatos sdo
termolabeis e decompdem-se em solugdes 4cidas, alcalinas e alcodlicas, produzindo dcidos
livies e nicleos monoterpénicos, embora os valepotriatos di€nicos apresentem-se
relativamente estaveis em metanol anidro, estocado a 20°C (Bos et al., 2002). Dessa
instabilidade, surgem os produtos de degradagdo baldrinal, homobaldrinal, desacil-baldrinal,
isovaltral e valtroxal (Denee et al., 1979; Houghton, 1988; Hobbs, 1989). Homobaldrinal e o
valtroxal parecem ser mais eficientes na diminui¢do da mobilidade animal em experimentos
com cobaias, levando a sugestdo de que valepotriatos agem como pro-farmacos (Veith et al.,

1986; Houghton, 1999).

Os valepotriatos foram relacionados com propriedades sedativas (Wagner et al.,
1980), ansioliticas (Attele et al., 2002), anti-espasmoliticas (Wagner & Jurcic, 1979),
anticonvulsivantes (Hiller & Zetler 1996), fungicidas (Fuzzati et al., 1996), e anti-tumorais

(Bounthanh et al., 1981).

Foram isolados e identificados sete compostos de V. glechomifolia, sendo quatro
valepotriatos diénicos: valtrato (Fig. 3a), diavaltrato (Fig. 3b), acevaltrato (Fig. 3c), 1-B-
acecevaltrato (Fig. 3d), dois valepotriatos monoénicos: diidrovaltrato (Fig. 3e), AHD-valtrato

(Fig. 3f) e o irid6ide glicosilado dihidrocornina (Fig. 3g) (Salles et al., 2000).

Figura 3. Estrutura quimica dos iridéides encontrados em V. glechomifolia: (a) valtrato, (b) diavaltrato, (c)
acevaltrato, (d) 1-B-aceacevaltrato, (e) diidrovaltrato, (f) AHD-valtrato e (g) dihidrocornina. Fonte: Salles et al.,
2000.
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Nao existem até o momento relatos de sintese orginica de valepotriatos. A sintese
quimica total de moléculas s6 € vidvel economicamente quando o composto de interesse
possui uma estrutura simples, o que ndo € o caso da maioria dos produtos naturais (Verpoorte,

2000).

Backlund & Moritz (1998) propde que os iriddides sejam biossintetizados a partir de
duas rotas principais, em que dois grandes grupos de iriddides (carbociclicos e seco-iriddides)
sao formados a partir de precursores — iridodial e epi-iridodial (Fig. 4). Na rota iridodial, o
acido mevalonico € o precursor, e o pirofosfato de geranila, o intermedidrio. Na rota de
biossintese da série 8-epi, ou seja, iridéides com estereoquimica 8 (C-10 em conformagio
B), epi-iridodial, via epi-iridotrial, com posterior oxidagdo de C-11, a aglicona se origina do
acido epi-desoxiloganico. Esse acido, por glicosilacdo, fornece acido epi-desoxiloganico, o

precursor dos iridéides carbociclicos com estereoquimica 8.
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As concentragdes de valepotriatos variam muito entre as espécies: 1,5-2% em V.
officinalis, 3% em V. wallichi, 7% em V. mexicana (Hobbs, 1989) e 8% em V. edulis
(Houghton, 1999), sendo que na maioria das espécies de valerianas, os valepotriatos
concentram-se nas raizes e rizomas (Hobbs, 1989; Bos ef al., 1998), embora tenha sido
relatada a presenca de 3,8% nas flores e 5,9% nas folhas de V. kilimandascharica (Dossaji &
Becker, 1981). Também ha relatos de valepotriatos nas partes aéreas de V. wallichii (sin. V.
Jjatamansii), V. sitchensis ssp. scouleri, V. microphylla, V. dioica, V. tripteris e V. simplicifolia
(Funke & Friedrich, 1975; Holzl & Jurcic, 1975; Dossaji & Becker, 1981; Foerster et al.,
1984; Bach et al., 1993). As maiores quantidades relatadas de valepotriatos totais foram de
14,5%, nas raizes de V. thalictroides; entretanto, apesar da alta producdo, as raizes desse
vegetal ndo podem ser utilizadas eficientemente para suprir a demanda para uso terapéutico,

uma vez que possuem pequeno porte (Becker et al., 1983).

Na espécie em estudo, V. glechomifolia Meyer, foram identificadas
aproximadamente as mesmas quantidades de valepotriatos nas partes aéreas e subterraneas
(Salles et al., 2000), o que permite extragdo de compostos com a manutencdo dos individuos,
ndo sendo necessdria a extragdo da raiz e a conseqiiente morte da planta para obtengao dos
valepotriatos (Salles et al., 2002). Entre as espécies nativas do Rio Grande do Sul estudadas,
V. glechomifolia apresentou os maiores teores de valepotriatos totais quantificados (superior a
2%), sendo valtrato e acevaltrato os majoritarios (Salles et al., 2000; Silva, 2001; Silva et al.,
2002). Além disso, foi identificado o valepotriato 1-fB-aceacevaltrato, descrito apenas em
Phyllactis pulvinata (Salles et al., 2000). Os maiores teores de valepotriatos, bem como a
presenca desses compostos nas partes aéreas, tornou interessante o estabelecimento do cultivo
in vitro de células e tecidos (Salles, 1999; Silva, 2001; Carvalho, 2003). O protocolo
desenvolvido para a micropropagacdao de plantulas de V. glechomifolia possibilitou a
propagacdo da espécie e gerou plantulas com morfologia normal (Salles et al., 2002). A
quantificacdo de extratos das plantulas micropropagadas demonstrou que os seus teores de
valepotriatos eram superiores aos da planta in natura, mantendo a maior concentragdo das
substancias nas partes aéreas (Silva, 2001). Para finalizar o processo de propagacdo, Carvalho
et al (2004) investigaram a otimizacdo do enraizamento, a adaptacdo das plantas em casa de

vegetacdo e aclimatagdo.
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Biotecnologia Vegetal

Com o crescimento da populagdo mundial e a limitada quantidade de terra ardvel
para producdo de alimentos, o uso do solo para a produ¢do de medicamentos a partir de
plantas torna-se restrito, e € importante a busca de alternativas como melhoramento das
plantas para maiores produgcdes em menores extensdes de terra (Rout et al., 2000; Pretty et
al., 2003). As reservas vegetais nativas sdo esgotaveis e constituem a unica op¢ao vidvel para
obtencdo de certas substancias. O extrativismo puro e simples tem conseqiiéncias irreversiveis
em relacdo a conservacdo das espécies (Verpoorte, 2000). Nesse contexto, a biotecnologia

representa alternativas para a obtencdo de compostos de origem vegetal (Dicosmo & Misawa,

1995; Gontier et al., 2002).

Pode ser considerado que a biotecnologia abrange, pelo menos, quatro areas de
trabalho: (i) cultura de tecidos e micropropagagdo, (ii) caracterizacdo de marcadores
moleculares da diversidade genética, (iii) mapas genéticos, selecdo assistida por marcadores e
genOmica, e as disciplinas relacionadas a protedmica e metabdlica e (iv) modificagido genética

e a producdo de organismos transgénicos (FAO, 2004).

A biotecnologia vegetal oferece a oportunidade de melhora genética das espécies,
proporcionando plantas com propriedades e caracteristicas fenotipicas desejdveis, como
resisténcia a herbicidas, insetos e patégenos e/ou maior produtividade das substincias
desejadas, sendo que os metabdlitos secundarios podem ser extraidos de plantas inteiras ou
produzidos por células vegetais, tecidos ou 6rgaos cultivados em condi¢des assépticas (Rout

et al., 2000).

A micropropagacdo oferece como vantagens para a prética agricola a maior rapidez
na obten¢do de um grande niimero de mudas e a erradicac@o das pragas e doencas da cultura,
principais responsaveis pela baixa produtividade da planta. A clonagem in vitro é
particularmente util para a conservacdo de espécies ameacadas de extincdo e para a
propagacdo de espécies recalcitrantes ou de ciclo de vida longo, podendo ser aplicada as
espécies vegetais produtoras de principios ativos uteis e serem exploradas economicamente
(Rachamandra Rao & Ravishankar, 2002). Na inddstria farmacéutica, a propagacio vegetativa
in vitro € a aplicacdo mais pratica da cultura de tecidos, sendo utilizada em muitas espécies
vegetais em larga escala devido a possibilidade de obtencdo de maior quantidade de matéria-
prima vegetal em menor tempo (Rout et al., 2000; Hazarika, 2006). Outras vantagens da

utiliza¢do de cultivo como fontes de metabdlitos secundarios residem no fato de as mesmas
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serem independentes de variagOes geograficas e sazonais e de vdrios fatores ambientais;
oferecerem sistemas de producdo definidos que garantem o fornecimento, a uniformidade e a
qualidade dos produtos e possibilitam a obten¢ao de substancias que ndo sdo produzidas na
planta matriz, bem como a biotransformacao (Dicosmo & Misawa, 1995; Rachamandra Rao

& Ravishankar, 2002).

As principais limitagcdes dos processos biotecnoldgicos para producido de plantas
estdo ligadas ao alto custo de investimento necessario para a instalacdo dos equipamentos
industriais, a manutencdo da mao-de-obra especializada e a manutencdo das condi¢des de
producdo que exigem controle rigido de temperatura e luminosidade, bem como meios de
cultura balanceados em termos de sais minerais, vitaminas e reguladores de crescimento, ao
crescimento lento da biomassa vegetal, a falta da exsudac¢ao dos metabdlitos pelas culturas e
as dificuldades de preservacdo das condi¢des axénicas por longos periodos (Fowler et al.,

1990; Herman, 1993; Trigiano & Gray, 2005).

Durante a ultima década, um considerdvel progresso foi atingido na pesquisa da
biossintese e do acimulo de metabdlitos secundarios em culturas de células e de tecidos
vegetais (Dixon, 1999; Ramachandra Rao & Ravishankar, 2002). Como forma de otimizar o
crescimento vegetal, bem como a producdo de compostos de interesse, esforcos t€ém sido
realizados para aperfeicoamento dos métodos de cultivo, como, por exemplo, o uso de
biorreatores. Entre as possiveis aplicacdes em escala industrial, pode-se citar a producao de
taxuiunanina C, paclitaxel e outros taxanos em culturas de células de Taxus chinensis (Wang
& Zhong, 2002; Zhong, 2002) e a produ¢ao de saponinas ginsenosidicas e polissacarideos em

culturas de Panax ginseng (Jeong et al., 2006; Thanh et al., 2006).

Existem diversas estratégias para otimizar o crescimento das células e a produgdo de
metabolitos em culturas de células vegetais, como, por exemplo, a variagdo de parametros
fisicos e quimicos como a intensidade luminosa, a temperatura, o pH do meio de cultura, a
agitacdo e a aeracdo, a adi¢do de precursores ou intermedidrios da via biossintética, fito-
hormoénios, anti-metabdlitos e a utilizacdo de elicitores bidticos (compostos que induzem
respostas de defesa em células vegetais contra infecgdes microbianas), de elicitores de
natureza abidtica (como radiacdo UV e fons de metais pesados) e a variacdo da composicao
quimica do meio de cultivo (Choi et al., 2000; Rout et al., 2000; Bourgaud et al., 2001).
Também € possivel o melhoramento genético por meio da transferéncia de genes e a
conseqiiente obtencao de plantas transgénicas com caracteristicas fenotipicas, fisiolégicas ou

bioquimicas alteradas, mais vantajosas sob o ponto de vista sécio-econdmico (Dixon, 1999;
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FAO, 2004).

Os meios de cultura utilizados no cultivo in vitro de plantas micropropagadas
baseiam-se nas exigéncias nutricionais das plantas, com algumas modificacdes favoraveis ao
desenvolvimento in vitro (Caldas et al., 1998). A literatura apresenta diferentes formulagdes
nutritivas, como os meios White (1951), MS (Murashige & Skoog, 1962), LS (Linsmaier &
Skoog, 1965) e Gamborg BS (Gamborg et al., 1968), sendo os meios MS e Gamborg BS5
utilizados na cultura de tecidos da maioria das espécies. SAo compostos por uma mistura de
macro e micro-nutrientes organicos e inorganicos, fontes de ferro, vitaminas, fontes de
carbono e reguladores de crescimento. Diferenciam-se pelas variagdes das concentragdes dos

nutrientes e podem ser otimizados, apresentando modificagdes qualitativas e quantitativas.

A manipulacdo do meio de cultura deve ser efetiva no aumento do crescimento ou da
acumulacdo de metabdlitos secunddrios, sendo a expressdo de vdrias rotas metabdlicas
alteradas com a modificagdo da concentragdo de alguns nutrientes (Misawa, 1985;
Ramachandra Rao & Ravishankar, 2002). Dependendo da rota biossintética, diferentes
substratos, precursores e cofatores adicionados ao ambiente ou ao meio em que a planta esta
se desenvolvendo tornam-se importantes para respostas de producdo e crescimento. Os
componentes comumente investigados, visando a otimizacdo da produgdo in vitro, sdo a
concentracdo e o tipo de fonte de carbono, a concentracio de nitrogénio e de fosfato, além do

tipo e da concentracao de reguladores de crescimento (Fowler et al., 1990; Rout et al., 2000).

De um modo geral, o acimulo de metabdlitos secunddrios ocorre de maneira
independente do crescimento, ou seja, em fases distintas, em que no primeiro estigio se
estabelece o aumento de biomassa, € no segundo momento induz-se a producdo. Para tanto, a

otimizagdo de meios de cultura para cada fase torna-se necessaria.

O cultivo in vitro de culturas de 6rgaos e tecidos de espécies de valeriana tem sido
investigado visando ao estudo e ao aumento da capacidade biossintética de produtos do
metabolismo secundario (Becker & Schrall, 1980; Violon et al., 1984; Milkova et al., 1988;
Mathur & Ahuja, 1991; Mathur, 1992; Enciso-Rodriguez, 1997; Kaur et al., 1997; Banerjee et
al., 1998; Castillo et al., 2000; Castillo et al., 2002; Salles et al., 2002; Carvalho et al., 2004;
Maurmann et al., 2006; Russowski et al., 2006).

Culturas in vitro de calos de V. glechomifolia foram estabelecidas a partir de folhas
do vegetal em meios BS e MS de cultura variando-se concentracdes de macro e micro-

nutrientes (Salles, 1999). Ap6s um ano de cultivo, os extratos de calos obtidos nos meios de
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cultura foram quantificados por Cromatografia Liquida de Alta Eficiéncia (CLAE) e os
resultados demonstraram que todas as culturas mantiveram a capacidade biossintética de
producdo de acevaltrato, 1-B-acevaltrato, valtrato, DIA-valtrato e diidrovaltrato, sendo que os
calos cultivados em meio B5 suplementado com 2,0mg/L de acido 2,4 diclorofenoxiacético
(2,4-D) apresentaram a maior producdo das substdncias. Além disso, algumas culturas
produziram concentra¢des maiores de acevaltrato e 1-B-acevaltrato do que a planta in natura.
O aumento da producdo de acevaltrato também foi observado em culturas celulares de Fedia

cornucopiae, Centranthus ruber, Valerianella dentata, V. coronata e V. locusta (Becker &

Schrall, 1980).

Foram estabelecidas culturas de células em suspensdo e de raizes ndo transformadas
de V. glechomifolia originadas a partir de calos fridveis (Fig. 5a) e de raizes de plantulas
micropropagadas (Fig. 5b), respectivamente, em meio MS suplementado com 1,0mg/L de
acido naftaleno acético (ANA) e com 0,Img/L de 6-benzilaminopurina (BAP) e em meio
Gamborg (B5) suplementado com Img/L de 2,4-D e 0,2mg/L de cinetina (Maurmann et al.,
2006). Apés um ano de cultivo, os teores de valepotriatos nas suspensdes celulares foram
quantificados por CLAE. Os resultados obtidos indicaram que culturas acumularam maiores
teores de valepotriatos em meio Gamborg BS suplementado com 1mg/L de 2,4-D e 0,2mg/L
de cinetina na auséncia de exposi¢do a intensidade luminosa, e foi observada uma relagdo
positiva entre crescimento e produgdo de valepotriatos em culturas de calos, de células em

suspensao e de raizes (Maurmann et al., 2006, anexo 1).

Figura 5. Culturas em meio liquido de V. glechomifolia. (a) Aspecto dos calos, (b) aspecto das raizes e (c)
desenvolvimento das culturas de raizes em erlenmeyer. Fonte: Maurmann et al. (2003); Carvalho (2003);
Maurmann et al. (2006).
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O protocolo desenvolvido para a micropropagacdo de V. glechomifolia possibilitou a
propagacdo da espécie e gerou plantulas com morfologia normal (Fig. 6). Os resultados da

quantificag@o de valepotriatos nas plantulas micropropagadas demonstraram-se superiores aos

teores da planta matriz, mantendo a maior concentracdo das substincias nas partes aéreas

(Salles et al., 2002).
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Figura 6. Aspecto de V. glechomifolia: (a) planta in natura e (b) micropropagadas em meio MS. Escala em
centimetros. Fonte: Salles et al., 2002.

Ap6s estudo do processo de propagacdo de V. glechomifolia, Carvalho et al (2004)
investigaram a otimiza¢do do enraizamento in vitro; para tanto foi procedida a aclimatagdo ex-
vitro com a transferéncia das plantas para casa de vegetacdo, demonstrando 100% de

sobrevivéncia (Fig. 7).

Figura 7. Desenvolvimento das plantas apds 45 dias de transplantio para o solo (a) Aspecto da sala de cultivo e
(b) plantas em crescimento nos potes com solo:vermiculita. (c) Planta aclimatada e (d) visualizagdo com
aproximacdo. Fonte: Carvalho (2003).

Dando continuidade ao trabalho de Carvalho ef al (2004), as plantas foram mantidas
na Faculdade de Agronomia e foram acompanhados o seu crescimento (Fig. 8a) e a produgdo

de valepotriatos até o florescimento (Fig. 8b) (Vidal et al., 2005).
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Figura 8. V. glechomifolia cultivada ex-vitro. (a) Aspecto da planta transplantada e (b) floracdo. Fonte: Vidal et
al., 2005.

Também foram realizados experimentos submetendo-se plantas micropropagadas
inteiras cultivadas por 2 meses em meio semi-solido MS a transplantio para meio nutritivo
liquido (Fig. 9a,b) — um processo de cultivo alternativo para obtencdo de biomassa e
valepotriatos que demonstrou um aumento na producdo de valepotriatos quando comparado

ao cultivo em meio semi-sdlido (Russowski et al., 2006, anexo 2).

Figura 9. Cultivo de plantas inteiras de V. glechomifolia transferidas para meio liquido de cultivo. (a) Aspecto
do cultivo e (b) detalhe da planta em frasco erlenmeyer. Fonte: Russowski, 2007.

Os estudos do cultivo in vitro de V. glechomifolia t€ém sido conduzidos por grupos de
pesquisa vinculados a Faculdade de Farmdcia e ao Centro de Biotecnologia da Universidade
Federal do Rio Grande do Sul (Salles et al., 2000; Salles et al., 2002; Silva et al., 2002;
Carvalho et al., 2004; Russowski et al., 2006; Maurmann et al., 2006). As metodologias de
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cultivo in vitro, além de permitirem o incremento da producdo de metabdlitos secundarios
pelos vegetais, viabilizam a producdo em massa de plantas e o0 melhoramento e conservagao
das espécies. Isto € extremamente relevante para a espécie V. glechomifolia, que é uma planta
de pequeno porte, sensivel a variacdes climdticas e edaficas e de ocorréncia restrita,
encontrando-se somente na regido fisiografica dos Campos de Cima da Serra, nos Estados do

Rio Grande do Sul e Santa Catarina (Sobral, 1999a).
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II. Objetivos

Visou-se avaliar a producdo de valepotriatos e o crescimento in vitro de plantas de
Valeriana glechomifolia cultivadas em meio de cultura baseado na formulacao de Murashige
& Skoog (1962) com diferentes concentracdes de nutrientes e sob cultivo de longo prazo.
Com o intuito de verificar o efeito farmacoldgico de um extrato enriquecido de valepotriatos
de V. glechomifolia, foram examinados alguns parametros neuro-comportamentais em
camundongos. Para ordenar os assuntos abordados, o trabalho estd apresentado na forma de

dois artigos, a seguir:

No Artigo 1 estdo apresentados os resultados dos experimentos de cultivo in vitro de
plantas de V. glechomifolia Meyer, variando as concentracdes de nutrientes do meio de

cultura MS, para estudo dos efeitos no crescimento e na produgdo de valepotriatos.

No Artigo 2 estd esbocado o estudo inicial do efeito neuro-comportamental em
camundongos de um extrato cloroférmico semi-purificado de V. glechomifolia, enriquecido

de valepotriatos, para avaliacdo das atividades biolégicas de valepotriatos.
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III. Artigo 1

No Artigo 1 estdo apresentados os experimentos realizados de cultivo in vitro de
plantas de Valeriana glechomifolia Meyer, variando as concentracdes de nutrientes do meio
de cultura Murashige & Skoog (1962), para avaliacdo dos efeitos das variacdes em diferentes
parametros crescimento (massa fresca, indice de crescimento, nimero de folhas e nimero de
raizes) e na producdo dos valepotriatos majoritarios (valtrato, diidrovaltrato e acevaltrato).
Este artigo foi enviado para publicacdo para a revista In Vitro Cellular & Developmental

Biology — Plant.
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Improved nutrient medium for biomass and valepotriate
production in extended period stock cultures
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Abstract Valeriana glechomifolia, a southern Brazilian
endemic species commonly known as Valerian, acoumu-
lates the bioactive terpene derivatives valepotriates in all of
its organs. fnr vitro growth of V glechomifolia on solid
Murashige and Skoog (MS) without phytohormones at full,
75% (MS 75), or on a modified formulation (M A) was
compared in stock cultures kept for up to 9 mo. without
subculture. Changes in biomass accumulation, development
of roots and shoots, and the production of the valepotriates
acevaltrate, didrovaltrate, and valtrate were monthly eval-
uated. The highest biomass accumulation and root devel-
opment was observed in plants grown on M A, whereas
better leaf development was detected in M-A- and MS-
medium-grown plants after 8 and 9 mo. of culture,
respectively. Maximal didrovaltrate and valtrate vields were
observed in M-A-grown plants harvested after 5 and 6 mo.
of culture, respectively, whereas acevaltrate concentration
was highest on M-A- and MS-75-grown plants after 7 mo.
of culture. Plants grown for 6 mo. without subculture in
M A were successfully propagated, showing stable growth
and wvalepotriate yields three- to sixfold higher that those
observed in field-grown plants. The results showed a
positive effect of combined moderate reduction in salt
concentration and increases in selected micronutrients and
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myo-inositol amounts on both growth and valepotriate
vields of extended period stock cultures of V. glechomifolia.

Keywords Prolonged cultivation - Valerian - Acevaltrate -
Valtrate - Didrovaltrate

Introduction

Due to their medical interest as a sedative phytomedicine,
rhizomes of different Valeriana species have been over-
harvested (Castillo et al. 2000). Pharmacological properties
of Valeriana species (sedative, fungicidal, and antitumoral)
have been attributed to various components, such as
valepotriates, valerenic acids, borneol derivatives, and
flavonoids (Fuzzati et al. 1996; Houghton 1999; Fernandez
et al. 2006). As an alternative to obtain active compounds
of pharmaceutical interest, in vifre production has been
evaluated, mostly in differentiating callus cultures and
various tissues from some Valerianaceae such as Valeriana
afficinalis, Valeriana wallichi, Cemranthus ruber, and
Centranthus macrosiphon (Becker and Schrall 1930;
Violon et al. 1984).

Valeriana glechomifolia Meyer, a species of the family
Valerianaceae, is indigenous to southern Brazl (Sobral
1999) and is currently enlisted as an endangered species
(IBAMA 1992). V. glechomifolia is capable of accumulat-
ing in all of its organs the terpene derivatives valepotriates,
and aerial parts of this species are richer in valepotriates
than the subterranean organs (Salles et al. 2000; Silva et al.
2002) in contrast to other valerian-derived phytomedicine
sources, which consist primarily of the roots (Houghton
1999). ¥ glechomifolia has numerous small leaves and
roots, displaying a stoloniferous habit and covering areas of
soil in elevated areas, particularly in rocky fields.

@ Springer

33



MAURMANN ET AL.

A protocol for micropropagation of V. glechomifolia has
been established and the valepotriates accumulated quant-
fied (Salles et al. 2002). Further studies analyzed the
growth kinetics and the influence of the auxins indole-3-
acetic acid, indole-3-butyric acid, and o-naphthaleneacetic
acid in micropropagated V. glechomifolia and survival
under ex vitro conditions afier plant acclimatization (De
Carvalho et al. 2004). Production of valepotriates has also
been studied in ¥ glechomifolia tissue cultures, such as
callus, cell suspension, and root cultures (Maurmann et al.
2006); the roles of light and medium composition on growth
and valepotriate contents in whole plants cultured in liquid
medium were also investigated (Russowski et al. 2006).

In this work, we present information on the optimization
of growth, development of roots and leaves, and valepotriate
production in micropropagated V. glechomifolia, cultivated
on three different nutrient formulations as stock cultures for
9 mo. The main purpose of this investigation was to optimize
nutrient composition for valepotriate and biomass accumu-
lation in long-term maintenance cultures. Moreover, the
effect of the physiological age of mother plantlets cultured in
vitro for 6 mo. was studied on successive subcultures and
the valepotriate contents analyzed.

Figure 1. Growth of ¥/

Materials and Methods

Chemicals. External standards of valepotriates [acevaltrate
(ACE), didrovaltrate (DID), and valtrate (VAL)] were
isolated from V. glechomifolia and purified by prep-LC
using the procedure described by Salles et al. (2000). All
solvents used for chromatographic purposes were high
performance liquid chromatography (HPLC) grade. Other
solvents were reagent grade or equivalent.

Plant material and culture conditions. Shoot tips (1.5-cm
long) isolated from 2-mo.-old micropropagated V. glechomifolia
were obtained following the protocol descnbed by Salles et al.
(2002) without the inclusion of polyvinylpolypymolidone in
the culture medium. Plants uwsed in the expenments were
gown on modified MS medium (Murashige and Skoog
1962), named M A, containing 75% of the original strength
of MS macro-nutrients: KNO;, (NH,),NO;, MgS0,.7H-0,
CaCl;.2H,0, KH,PO,; 75% of original strength the following
MS micro-nutrients: MnSO,.7H,0, H;BO;, ZnS0,7H-O,
NaH, EDTA.2H,0, FeSO,7H,0; 150% of the original
strength of the following MS micro-nutrients: KI,
Na,Mo0,;2H-0, CuS0,.5H,0, CoCl,.6H,0, and 150% of
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the original concentration of myo-inositol, compared to
standard MS formulation. All salts were analytical grade
(Sigma, Saint Louis, MO). The media were supplemented with
3% (wiv) sucrose (Vetec, Rio de Janeiro, Brazil). The pH was
adjusted to 58, and media were solidified with 0.6% agar
(extra pure, Merck, Darmstadt, Germany). The choice of the
micronutrients I, Mo, Cu, and Co as components with
increased concentration in the modified medium was based
on their general lack of effect on tobacco callus growth within
a range of various concentrations m the original study of
Murashige and Skoog (1962) and, hence, their potential to
modulate metabolism without affecting growth. The choice of
myo-inositol as an organic constituent to be added at an
increased concentration was based on its potential effects on
endogenous auxin homeostasis (Ljung et al. 2002; Loewus
and Murphy, 2000), as this phytohormone has been shown to
be important for stable valepotriate production (De Carvalho
et al. 2004).

Media (25 ml aliquots) were placed in 150-ml glass
flasks and capped with two layers of aluminum foil. Plants
generated within 2 mo. after inoculation were transferred to
the same fresh medium (M A), to full strength MS medium

Figure 2. Development

(MS), or to diluted MS containing three quarters (75%) of
the original concentration of morganic salts (MS 75). These
plants were maintained for three cycles of 2 mo. each, with
subculture to the cormresponding medium at the end of each
cycle, using individual shoot tips as explants. All media
were sterilized by autoclaving at 121°C and 1.5 atm for
20 min afier the addition of all components. The cultures
were maintained at 25+3°C under a 16/8-h (day/night)
photoperiod with light provided by cool-white fluorescent
lamps (Osram, Sdo Paulo, Brazil) at an intensity of
approximately 50 pmol m™> s~

Upon completion of the three passages on the appropriate
media for adaptation to the specific medium conditions,
explants of ¥ glechomifolia containing the apical menstem
were removed. The average initial fresh weight of the
explants (n=451) was determined before the initiation of the
of the long-term maintenance experiment, in which the plants
remained for 9 mo., without transference to fresh medium.
Within the 9-mo. time frame of the long-term maintenance
experiment, plant growth (1) and valepotriate contents (2)
were monthly evaluated. Plants cultured in vitro for 6 mo. in
M A were subcultured in the same medium and grown for
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the same peniod of time under the same conditions descnibed
above. Afier three periods of 6 mo. of in vitre culture, plant
growth and valepotriate contents were evaluated.

Growth analysis. Every month, fresh biomass was mea-
sured (FW) after removing the adhering culture media with
a filter paper. The numbers of leaves and roots were
recorded, and the whole plants were freeze-dried for dry
weight (DW) determination and valepotriate analysis. Roots
(whitish and clearly polarized cylindrical structures) were
counted when longer than 2 mm. Lateral roots (root
ramifications) were included in the counting.

Although an effort was put on using similar explant sizes
to start the experiment, to minimize differences in growth
that may have been the result of variation in initial explant
size, the Growth Index (GI)=(weights,,—weight; ;i)
weight i was also used to evaluate growth.

Valepotriate determinations. Freeze-dried plants were
extracted according to the method described by Salles et al.
(2002). The powdered material was extracted four times at
room temperature with chloroform, under 20-min senication

Figure 3. Time-course of

(Ultrasonic®, Sdo Paulo, Brazil). The extract was dissolved
in methanol to obtain a concentration of 1 mg/ml, filtered
through a membrane filter (0.22 pm pore size, Merck), and
analyzed by HPLC. HPLC analysis of valepotriates was
performed as previously reported (Silva et al. 2002), in a
Shimadzu equipment coupled to an LC-10AD pump, an
SPD-10A UV detector and an automatic injector (SIL-10%),
with a 20 pl sample loop. The separation conditions were:
column, Nova-Pack C18 Waters (4 um, 3.9x150 mm i.d.),
attached to a guard column, Nova- Pack C18 Waters 60A
(3.9 %20 mmy); mobile phase, CH;CN/H-0, 50:50 (v/v); flow
rate, 1 ml min~'; detector sensitivity, 1.0 Aufs; detection at
208 nm (monoenic valepotriate) with retention times of
19.8 min (DID) and 254 nm (dienic valepotriates) with
retention times of 18.1 min (ACE) and 34.8 min (VAL).
Valepotriate contents were expressed as a percentage of the
freeze-dried weight of the plants.

Statistical analysis. In all of the experiments, the layout
was completely randomized. All treatments had at least four
replicates, and the experiments were independently carried
out three times. One-way analysis of varance within each
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Fig. 3 (continued) ¢
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sampling time, followed by Duncan test when appropriate,
was applied with a critical value of P<0.05 (Sokal and
Rohlf 1981).

Results and Discussion

In vitro growth. V. glechomifolia plants grew and accumu-
lated valepotriates in all of the media formulations tested
During 9 mo. without subculture, significant increases of
biomass were observed (Fig.la) and higher numbers of
leaves and roots were produced, especially the former
(Fig. 2a,b). The overall growth response of plants to the
three media was similar. Nevertheless, plants grown on MS
medium displayed faster biomass increase (up to the sixth
month of culture) and growth decline afterwards (Fig. 1a),
whereas plants grown on MS 75 and M A reached their
maximum biomass after 7 and 8 mo. of growth, respectively.

Largest FW (2.89+0.03 g) and GI values (159.23=%
45.83; Fig. la,b), as well as the highest number of roots
(164.06+61.99; Fig. 2b) were obtained on M A after 8 (FW
and roots) and 7 (GI) mo. of culture. Plants grown on MS

il
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75 and MS showed a trend toward intermediate and lower
growth responses, respectively, compared to M AL
Plants cultured on diluted medium (MS 75) displayed
maximum FW (2.34£0.61 g) and GI (136.06+43.39) afier
7 mo. of culture and decreased afterwards (Fig. 1a,b). The
highest number of leaves (422.75+116.48) and roots (94.31+
52.74) were observed afier 8 or 9 mo. of culture respectively
(Fig. 2a.b).
Plants grown on MS medium displayed maximum FW
(2.34+0.56 g) and GI (120.34+39.02) after 6 mo. of culture
(Fig. la,b), whereas the highest number of leaves (556.20+

192.59) and roots (70.27+33.38) were recorded after 9 mo.
of culture (Fig. 2a.b).
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Time of Culture (monthsh

Valepotriate accumulation. Maximum total valepotriate
contents were observed in plants kept on the three media
after 5 mo. of in vitro culture (11.47+2.70 g% DW—M A;
8.46+3.22 g% DW—MS 75; 6.86+2.00 g% DW—MS;
Fig. 3a). For plants cultivated in MS medium, the total
valepotriate yields (Fig. 3a) and the individual valepotriates
DID, VAL, and ACE (Fig. 3b—d) seemed to follow closely
the growth of the plants, increasing up to Month 5 and
decreasing on the subsequent mo (Figs. la and 3a).

ﬂ Springer

37



MAURMANN ET AL.

In MS-75- and M-A-grown plants, the highest produc-
tion of valepotriates occurred after 5 mo., a period within
which the plants had not reached maximum biomass.
Metabolite production remained constant afier 6 mo. and
started a moderate decrease after 7 mo., which was
intensified on the subsequent mo (Figs. la and 3a). Overall,
the results confirmed a direct relationship between growth
and valepotriate yield.

The comparative analysis of individual and total
valepotriate production within each month of analysis
between MS and MS 75, which differ only in the
concentration of inorganic salts, shows statistically equiv-
alent yields for most of the time points evaluated, except
for Months 6 and 7 for total valepotriates and VAL,
Month 7 for ACE, and Month 6 for DID (Fig. 3). In each
of these instances, MS 75 plants yielded higher amounts
of valepotriates. In contrast to the relatively similar
valepotriate yields in plants grown in MS and MS 75
media, M- A-grown plants had higher content of total
valepotriates than the other two media after 6, 7, 8, and
9 mo. of culture (Fig. 3a). The same pattemm was observed for
DID and VAL (Fig. 3b,c), whereas for ACE, M- A-grown
plants had higher content after 8 and 9 mo. (Fig. 3d).

The media M A and MS 75 differ in the composition of
myo-mositol and micronutrients, which showed relatively
minor effects on tobacco callus growth assays described
the classic work of Murashige and Skoog (1962); these
components are present at 1.5x higher concentration in
M A. The higher content of myo-inositol may have affected
auxin homeostasis (Ljung et al. 2002), perhaps stimulating
growth and valepotriate metabolism (De Carvalho et al
2004). The increased content of selected micronutrients
could have caused a mild but chronic oxidative stress
response potentially capable of inducing valepotriate
accumulation. Reactive oxygen species have been shown
to trigger the production of various secondary metabolites,
including terpenes (Zhao et al. 2005).

A first examination of the results might suggest that root
development was correlated with the higher accumulation
of valepotriates in M-A-grown plants. However, this is
unlikely because at Months 6 and 9, M-A-grown plants had
equivalent number of roots as plants grown in MS 75 but
significantly higher amounts of DID, VAL, and total
valepotriates (Fig. 2b and Fig. 3a—c). Similarly, at Months 2
and 4, M-A-grown plants had more roots than those from
M 75, but no significant increase in valepotriate was
detected. Furthermore, in Month 8, M-A-grown plants
had the highest number of roots, whereas the highest total
valepotriate amounts were observed in Months 5 and 6
(Figs. 2b and Fig. 3a).

V. glechomifolia prolonged in vitro cultivation and valepotriate
accumulation. The mass propagation achieved in long-term
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cultivation showed that successive subcultures had no
adverse effect on plantlet vigor. Plants cultured in vitro
for 6 mo. in M A subcultured in the same medium and
grown for the same period of time for three rounds
displayed stable increases in biomass (2.97+0.87 g) and
total valepotriate content (9.74+0.05 g% DW). Therefore,
the method outlined in this study provides a large clonal
population that retains the physiological characteristics and
metabolic profile of the species.

The major valepotriate quantified in plants grown in the
three media was DID (Fig. 3), followed by VAL and ACE.
Valepotriate contents throughout the cultivation period were
higher than those reported for field-grown mtact plants of F.
glechomifolia. Field-grown plants of V. glechomifolia,
collected in the spring in the state of Rio Grande do Sul,
yielded about 2% of total valepotriates, with a predomi-
nance of ACE, VAL, and DID (Silva et al. 2002).
Therefore, M A medium contained enough nutrients to
support a growth cycle of 6-7 mo. for ¥ glechomifolia
plants, and these long-term cultured plants were capable of
accumulating a higher concentration of total valepotriates
than field-grown plants with a similar composition profile.

The overall results confirm, for long-term cultures in
solid media, the direct relationship between growth and
valepotriate production previously established for shorter
term whole-plant, cell and root cultures of V. glechomifolia
grown in liquid media (Maurmann et al. 2006; Russowski
etal. 2006). Moreover, the media modifications in M A were
able to significantly enhance growth and production of
valepotriates, maintaining physiological viability and provid-
ing an adequate formulation for longterm stock cultures.

Acknowledgments The authors are grateful to the Brazlian agencies
CAPES, CNPg, and FAPERGS for financial support. We would also
like to thank Prof. Dr. Pedro R. Pemovick (Faculdade de Fammacia,
UFRGS) for lending the HPLC equipment.

References

Becker H., Schrall R. Valepotriates in tissue cultures of nine different
Valenianaceae species in companison to lierature dat of the
intact plants. J Nat Prod 43: 721-723; 1980.

Castillo P., Marquez J., Rubluo A, Hemandez G., Lara M. Plant
regeneration from callus and suspension cultures of Faleriana
edulis ssp. procera via simultaneous organogenesis and somatic
embryogenesis. Plant Sci 151: 115-119; 2000.

De Carvalho C. M. B, Maurmann N, Luz D. I, Fett-Neto A. G,
Rech 8. B. Control of development and valepotniate production
by auxins in micropropagated Valeriana glechomifolia. Plant Cell
Rep 23: 251-255; 2004,

Fernandez 5. P, Wasowski C., Paladim A. C., Marder M. Central
nervous system depressant action of flavonoid glycosides. Eur J
Pharmacol 539: 168-176; 2006.

Fuzzati N., Wolfender J. L., Hostettmann K., Msonthi 1. D, Mavi 8.,
Molleyres L. P. Isolation and antifungal wvalepotnates from

38



IMPROVED NUTRIENT MEDIUM IN Valeriana glechomifolia CULTURES

Valeriana capense and the search for valepomriates i crude
Valenanaceae extracts. Phytochem Anal 7: 76-85; 1996.

Houghton P. J. The scientific basis for the reputed activity of Valerian.
J Pharm Pharmacol 51: 505-512; 1999,

IBAMA (1992) Espécies da flora ameagadas de extingiio, httpz/www.
ibama.gov.br/flora'home. htm, Portana n. 37, cited 03 Apr 1992

Ljung K., Hull A. K., Kowalczyk M., Marchant A., Celenza 1., Cohen 1. D.,
Sandberg G. Biosynthesis, conjugation, catabolism and homeostasis
of mdole-3-acetic acid in Arabidopsis thaliana. Plant Mol Biol 49:
249272, 002,

Loewus F., Murphy P. Myo-mositol metabolism in plants. Plant Sci
150: 1-19; 2000,

Maurmann N, De Carvalho C. M. B, Silva A. L., Fett-Neto A. G,
Von Poser GG. L., Rech S. B. Valepotnates accumulation i callus,
suspended cells and untransformed root cultures of Valeriana
glechomifolia. In Vitro Cell Dev Biol Plant 42: 50-53; 2006.

Murashige T., Skoog F. A revised medium for rapid growth and bioassays
with tobacco tissue cultures. Physiol Plant 15: 473-497; 1962,

Russowskn D, Maurmarmn N, Rech §. B, Fett-Neto A, G, Role of
light and medium composiion on growth and valepotriate

contents in Valeriana glechomifolia whole plant liquid cultures.
Plant Cell Tiss Org Cult 86: 211-218; 2006.

SallesL. A, Silva A. L, Feti-Neto A, G., Von Poser G. L, Rech 5. B,
Valeriana glechomifolia: In vitro propagation and production of
valepotnates. Plant Sci 163: 165-168; 2002,

Salles L. A, Silva A. L, Rech S. B., Zanatta N., Von Poser G. L.
Constituents of Valeriana glechomifolia Meyer. Biochem Syst
Ecol 28: 907-910; 2000.

Silva A. L., Rech 5. B., von Poser G. L. Quantitative determination of
valepotnates from Falerigna native to south Braazl. Planta Med
68: 570-572; 2002,

Sobral M. E. G. Valerianaceae. Boletim do Instituto de Biociéncias,
UFRGS 58: 1-61; 1999,

Sokal RR., Rohlf F. I. Biometry. Freeman, San Francisco; 1981,

Violon C. 1., Dekegel D, Vercruysse A. Relation between valepotriate
content and differentiation level in various tissues of Valeriancae.
J Nat Prod 47: 934-940; 1984,

Zhao J., Davis L. C., Verpoorte R. Elicitor signal ransduction leading
to production of plant secondary metabolites. Biotech Adv 23:
283-333; 2005,

@ Springer

39



40
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Este artigo foi escrito para obtencdo do crédito de redacdo cientifica. Apresenta os
resultados iniciais de experimentos pré-clinicos realizados em colaboracdo com o grupo do
Dr. Rafael Roesler para investigacdo da atividade bioldgica de um extrato enriquecido de

valepotriatos de V. glechomifolia injetados intraperitonealmente em camundongos.
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Abstract

An extract containing a mixture of valepotriates of Valeriana glechomifolia
(Valerianaceae, endemic of southern Brazil) was evaluated in neurobehavioral parameters.
Adult mice were treated with doses of 1, 3 and 10 mg/kg or vehicle, 30 minutes before tests.
During exploration of an open field, mice treated with 10 mg/kg showed reduced locomotion,
and reduced exploratory behavior (number of rearings), compared to control animals. The
extracts with valepotriates (EV) did not induce alterations in anxiety. All groups performed
normally in a novel object recognition memory task except the group receiving 3 mg/kg dose,
which showed alterations in novel object recognition memory. The results indicate that mice
treated with valepotriates presented no deficits in long-term memory for aversive training and
presented an impairment in novel object recognition memory task only at 3 mg/kg and
possible sedative proprieties at 10 mg/kg.

Key words

Valerianaceae, Valepotriates, Memory, Behavior, Pharmacology, Central Nervous
System.

Introduction
Different species of the genus Valeriana are widely known around the world, and their
medical properties have been described in Europe for many centuries (Bach et al., 1993). The

phytopharmaceutical agents most frequently used for the treatment of insomnia and anxiety
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are preparations of the subterranean parts of Valeriana officinalis (Houghton, 1999; Herrera-
Arellano et al., 2001), but the evidences for effects of valerian on the CNS are inconclusive
(Trease & Evans, 1984; Stevinson & Ernst, 2000; Carlini, 2003).

Over 100 constituents of valerian have been identified, their concentrations are subject
to seasonal variation (Bos et al., 1998) and many may be potentially physiologically active
(Block et al., 2004). Currently, there is no scientific agreement on the mechanism of action of
sedating activity or the compounds responsible the effects of valerian (Plushner, 2000; Cass,
2004; Dietz, 2005). Valerianaceae are known for having high concentration of 2 major groups
of constituents, the mono- and sesquiterpenoids (hydrophilic valerenic acids and the
hydrophobic valepotriates), which may account for its activity on the CNS (Morazzoni &
Bombardelli, 1995; Backlund & Moritz, 1998; Houghton, 1999; Gao & Bjork, 2000).

The valepotriates (valerian-Epoxy-Triesters) are a group of unusual lipophilic iridoids
having a cyclopenta[c]pyranoid skeleton with an epoxy ring and 3 ester linkages rather than
the glycosidic linkages found in most iridoids (Houghton, 1999).

The role of valepotriates in the sedative effect is somewhat controversial (Marder et
al., 2003). Their degradation products, baldrinals, may account for valerians’ sedative effect
(Wagner, 1980; Veith et al., 1986). The central depressant action could not be demonstrated
by a reduction of the glucose turnover in rat brain, a known test to detect activity in the CNS
(Holzl, 1997). Valepotriates have low stability, are thermolabile and decompose rapidly under
acidic or alkaline conditions in water, as well as in alcoholic solutions (Bos et al., 2002) and
the resulting baldrinals are chemically reactive and may form polymers (Bos et al., 1997),
hence both valepotriates and baldrinals disappear rapidly from the extracts (Marder et al.,
2003). The roots and rhizomes of different valerian species show large differences with
regards to their constituents (Houghton, 1999).

In mice, intraperitoneal injections of valerenic acid, valerenal and whole herb extracts
produced significant sedation, ataxia and anticonvulsant effects (Hendriks et al., 1981).
Valerian root extract reduced motility and increased thiopental and pentobarbital-induced
sleeping time, and in comparison with diazepam and chlorpromazine, valerian extract had
weak anticonvulsive properties (Leuschner er al., 1993; Hiller, 1996). Even the aroma of
valerian root exerted sedative effects (Buchbauer ef al., 1992).

Unlike diazepam, valerian did not affect spontaneous locomotion and rearing or
approach-avoidance conflict in a water-lick conflict test. On the other hand, valerian and
imipramine significantly inhibited immobility induced by a forced swimming test in rats and

significantly reversed reserpine-induced hypothermia in mice, leading researchers to conclude
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that valerian may be a useful antidepressant (Sakamoto et al., 1992). Valepotriates suppressed
symptoms associated with diazepam withdrawal in rat (Andreatini & Leite, 1994). Cats given
10 mg/kg of a valerian extract by gastric gavage had a significant decrease in restless, fearful
and aggressive behaviors (Voneickstedt, 1969).

V. glechomifolia Meyer is an herb that grows in rocky fields in a small geographic area
of southern Brazil (Salles et al., 2002). From nine Valeriana species distributed in southern
Brazil (Sobral, 1999), V. glechomifolia is the richest in valepotriates (Silva et al., 2002),
found in both aerial and subterraneous parts of the plant (Salles et al., 2000).

V. officinalis contains a higher concentration of terpenes, of which valerenic acid is
perhaps the most important indicator compound (Morazzoni & Bombardelli, 1995). Both V.
glechomifolia and V. officinalis contain valepotriates; V. glechomifolia contains high
concentrations of valepotriates (Salles et al., 2000; Silva, et al., 2002; Maurmann et al., 2006;
Russowski et al., 2006).

As an alternative to obtain plant material, we studied the growth kinetics of
micropropagated V. glechomifolia in continuous presence of 5.71uM of auxine indole-3-
acetic acid that yielded plants with stable levels of valepotriates (Carvalho et al., 2004).
Production of valepotriates have also been studied in tissue cultures: callus, cell suspension
and root cultures (Maurmann et al., 2006) as well as the role of light and medium composition
on growth and valepotriate contents in V. glechomifolia whole plant liquid cultures
(Russowski et al., 2006).

However, a detailed behavioral analysis of the effect in mice of V. glechomifolia,
containing valepotriates has not been previously reported, neither valepotriates effects in
memory. In the present study, we investigated open field behavior, memory for aversive

training, and recognition object memory in CF1 mice.

Materials and Methods

Plant material

Plants of V. glechomifolia Meyer were collected in the city of Sao José dos Ausentes,
in region of Aparados da Serra, state of Rio Grande do Sul, Brazil, in April 1998. The species
was identified by M. Sobral and a voucher specimen (Sobral, 7733) is deposited in the
Herbarium of the Federal University of Rio Grande do Sul (ICN). The plants were

immediately freezing, and then lyophilized, powdered and kept in freezer (-20°C).
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Preparations of chloroform extracts of valerian

Valerian extracts were prepared from dried powdered underground parts of V.
glechomifolia. Lyophilized aerial and subterraneous parts of the plant were crushed to a
particle size smaller of 850mm. Approximately 100g dry weight was extracted with 500ml of
chloroform 2 times of 15 min using a sonication bath (Ultrasonic®, Séo Paulo, Brazil) at 25°C.
The extract was filtered through a glass filter and the filtrate was evaporated on a rotary
evaporator under vacuum evaporation to dryness at 40°C, yielding 4.21g of chloroformic

extract.

Obtainment of semi-purified EV

To obtain an enriched valepotriate extract (EV), the dried chloroform extract of V.
glechomifolia was separated by silica gel vacuum column chromatography with hexane and
chloroform gradient. The fraction containing valepotriates was monitored by preparative TLC
(5x5cm glass plate coated with 0.5mm layers of silica gel GF254; bands were detected in UV
light 254nm) with chloroform: methanol (50:0.5) as eluent (Salles et al., 2000). The EV was

concentrated and used on behavior tests.

Valepotriate determinations

The High Performance Liquid Chromatography (HPLC) analysis of valepotriates
contained in EV was performed according to the previously procedure reported (Silva et al.,
2002). The EV (3x5mg) was dissolved in methanol to obtain a concentration of 1 mg/ml,
filtered through a membrane filter (0.22um pore size, Merck) and analyzed by HPLC
(Shimadzu equipment coupled to a LC-10AD pump, a SPD-10A UV detector and an
automatic injector, SIL-10", with a 20ul sample loop). The conditions were: column Nova-
Pack C18 Waters (4um, 3.9x150 mm i.d.) adapted to a guard column Nova-Pack C18 Waters
60A (3.9x20 mm); mobile phase CH3CN/H,O 50:50 (v/v); flow rate lml.min'l; detector
sensitivity 1.0 Aufs; detection at 208nm (for monoenic valepotriate DID, with retention times
of 19.8min) and 254nm (dienic valepotriates, with retention times of 18.1min - ACE, and
34.8min - VAL). The valepotriates used as external standards were isolated as described
elsewhere (Salles et al., 2000). The EV contains 96% of valepotriates (1.66+0.05mg of VAL,
1.10£0.01mg of ACE and 2.05+£0.11mg of DID).
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Drug, doses and drug administration

The EV mixture containing 41% DID, 33% VAL and 22% ACE was suspended in
saline solution, with Tween-80, 5.0% (v/v). The drugs were freshly prepared each time and
intraperitoneally injected in a volume of 10 ml/kg body weight and were evaluated at the
doses of 1, 3 or 10 mg/kg. The control animals received the same volume of vehicle (5%
Tween 80 in saline). In order to determine the neuropharmacological profile of the EV, the

tests were carried out 30 min after extract administration.

Animals

Swiss adult male CF1 mice (60 - 90 days of age and mean body weight of
36.18+3.41g) obtained from the FEPPS (Fundacdo Estadual de Producdo e Pesquisa em
Saude, Porto Alegre, Brazil) were used for pharmacological assays. Each group consisted of
8, 9 or 10 animals. Animals were maintained on a 12h light/dark cycle with food and water
available ad libitum. Behavioral procedures were conducted between 12:00a.m. and 5:30p.m.
All experimental procedures were in accordance with the NIH Guide for Care and Use of
Laboratory Animals (NIH publication No. 85-23 revised 1996) and the procedures of the
Brazilian College of Laboratory Animals (COBEA).

Behavioral testing

The same animals were used in 3 different behavioral tests. They were submitted first
to open field exploration (Roesler et al., 1999); 2 week after the end of the open field, they
were tested in an inhibitory avoidance task. Finally, a novel object recognition task carried out
2 weeks after the end of the object recognition task. Between trials, the apparatus were

washed with 70% ethanol solution.

Open Field Behavior

Open field exploration was carried out as previously described (Roesler et al., 1999).
The open field was a 50x25cm arena, surrounded by 50cm high walls, and made of brown
plywood with a frontal glass wall. The floor of the arena was divided into 12 equal squares by
black lines. 30min after EV administration, mice were put in the apparatus, placed on its left
rear quadrant, and left to freely explore the arena for 5 min. Latency to start locomotion,
crossings of the black lines, rearings performed, and the number of fecal pellets were counted.
The number of crossings and rearings was used respectively as measures of locomotor

activity and exploratory behavior, whereas the latency to start locomotion and the number of
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fecal pellets were used as measures of anxiety (Roesler et al., 1999; Fernandez-Teruel et al.,

2002; Henderson et al., 2004).

Inhibitory avoidance

Inhibitory avoidance in rodents is a widely used animal model of aversively motivated
learning and memory (Izquierdo & Medina, 1997; Mcgaugh, 2000). The step-down inhibitory
avoidance apparatus and procedures were described in a previous study (Roesler et al., 1999).
The inhibitory avoidance training box was a 50x25x25cm acrylic box whose floor consisted
of parallel stainless steel bars (Imm diameter) spaced lcm apart. A 100cm” wide, 2cm high
platform was placed on the center of the floor. 30min after EV administration, animals were
placed on the platform, and their latency to step-down on the grid with all 4 paws was
recorded. In the training trial, immediately after stepping down on the grid, animals were
given a 0.6mA/3s footshock. In retention test session carried out 24h (long-term memory
retention) after training, no footshocks were given when step-down on the grid and a ceiling

of 180s was imposed in the test latency.

Novel object recognition

The novel object recognition task was performed as previously described (Rosa et al.,
2003). Habituation in the object recognition task took place in the same arena used for the
open field. Twenty-four hours after arena exploration, and 30min after EV administration,
training was conducted by placing individual mice for 5min into the arena, in which 2
identical objects (objects Al and A2; Duplo Lego toys) were positioned in 2 adjacent corners,
10cm from the walls. In a long-term memory retention test given 24h after training, the same
mice explored the field for Smin in the presence of familiar object Al and a novel object B.
Between trials the objects were washed with 70% ethanol solution. All objects presented
similar textures and sizes, but distinctive colors and shapes. Exploration was defined as
sniffing or touching the object with the nose and/or forepaws. The exploratory preference was
defined as the percentage of the total exploration time that the animal spent investigating
object A2 (in the training trial) or the novel object. Differences in exploratory preferences

between training and retention test trials were used as memory retention scores.

Statistic analysis
Results are expressed as mean £ SEM. Comparisons between groups were performed

using One-way ANOVA, following LSD or Dunnett C. All statistical analyses were
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performed using the statistical software package SPSS. In all comparisons, P values of less

than 0.05 were considered to indicate statistical significance.

Results
Open field behavior

Results for open field behavior are shown in Fig. 1. There were no significant
differences between groups in the latency to start locomotion (P=0.09; Fig. 1a), or defecation
(P=1.95; Fig. 1b) indicating that EV showed no alterations in anxiety. However, mice treated
with 10 mg/kg of EV showed a significantly lower number of crossings performed (P=0.046;
Fig. 1c) and number of rearings (P=0.039; Fig. 1d), which indicates alterations in locomotion

and reduced exploratory behavior, compared to control animals.
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Figure 1. Open field behavior 30 min after administration of extract with valepotriates (EV) of V.
glechomifolia in mice. Animals were left to freely explore the arena for Smin. Data are mean + SE (a)
latency to start locomotion (seconds), (b) number of fecal pellets, (c) number of crossings and (d) number of
rearings. N=10 animals in each group. *Significant difference from the control group (P<0.05).

Inhibitory avoidance

Results for inhibitory avoidance are shown in Fig. 2. There were no significant
differences between groups in step-down latencies in the training trial performances (P=0.9,
mean + SE overall training trial step-down latencies was 16.2+1.7s; Fig. 2a). In addition, there

was no significant difference between groups in long-term memory retention when compared



48

to the control group (Fig. 2b). These results indicate that EV did not induce any impairment in

the inhibitory avoidance memory test.
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Figure 2. Memory for inhibitory avoidance in mice treated with extract with valepotriates (EV) of V.
glechomifolia 30 min before training. Memory retention was tested 24h after training. Data are mean + SE
latencies to step-down (s) (a) training and (b) test trials. N=9 animals per group. There was no significant
difference between groups.

Novel object recognition

In the recognition memory task, there was no difference between groups in the total
time spent exploring both objects during the training trial, indicating that both groups showed
similar motivation during task acquisition. Mean * SE total exploration time (s) was 80.9+7.2
(control), 87.4+7.9 (1), 63.3+7.8 (3), and 70.6£11.2 (10) mg/kg doses.

In addition, there was no significant difference between groups in exploratory
preference in the training trial (Fig. 3a). There was significant difference from the control
group at 3 mg/kg in long-term memory retention of the novel object recognition task (P=0.01;
Fig. 3b). Others groups showed significant preference towards the novel object during the
long-term retention test trials. These findings indicate that dose 3 mg/kg showed alterations in

novel object recognition memory.
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Figure 3. Novel object recognition memory in mice treated with extract with valepotriates (EV) of V.
glechomifolia, 30 min before training. Memory retention was tested 24h after training. Data are (a) mean
exploratory preferences during the training and (b) mean + SE exploratory preferences during test trials.
Exploratory preference was defined as % time exploring left and right object A during training or % time
exploring the novel object B during test trials. N=8 animals per group. **Significant difference from the control
group (P<0.01).
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Discussion

Valeriana officinalis has been widely used in traditional medicine for its sedative,
hypnotic and anticonvulsant effects. The roots of V. officinalis contain several compounds.
These include the essential oil and its sesquiterpenoids (valerenic acid), epoxy iridoid esters
(valepotriates) and their decomposition products (such as baldrinal and homobaldrinal),
amino acids (arginine, GABA, glutamine, tyrosine), and alkaloids. Valerian also possesses
small amounts of phenolic acids and flavonoids, valerosidatum, chlorogenic acid, caffeic acid,
choline, B-sitosterol, fatty acids, and various minerals (Herbalist, 1999).

Studies in humans showed that valerian alone did not cause any somnolence the next
morning; the benzodiazepines did result in a significant increase in reports of feeling more
sleepy than usual the next morning (Block et al., 2004). And unlike benzodiazepines, valerian
appears to cause no impairments in driving abilities (Gerhard et al., 1996).

At low doses of dichloromethane extracts of valerian does not appear to have any
significant cytotoxicity or genotoxicity in human endothelial cell line ECV304, but, at high
doses, causes moderate DNA damage through oxidative stress (Hui-Lian et al., 2003). Only a
few, minor, adverse events have been reported (Bos et al., 1997). There has been a reported
case of deliberate overdose by a suicidal patient, who came to no harm in consequence,
leading the authors to comment: ‘a valerian overdose equal approximately to 20 times the
recommended therapeutic dose appears to be benign’ (Willey et al., 1995).

An influence of valerenic acid in rotarod and traction test was obtained only at
relatively high doses (100 mg/kg or more), had an unspecific central nervous depressant
activity (Hendriks et al., 1985).

Marder et al (2003) detected activity on the CNS of two flavonoids isolated from
Valeriana wallichii. A dose of 4 mg/kg of hesperidin decreased the ambulatory locomotor
activity reduced the exploration of holes and the number of rearings performed in the
holeboard test and increased the sodium thiopental-induced sleeping time. 6-methylapigenin
at dose of 1 mg/kg produced anxiolytic-like effects and 10 mg/kg was devoid of sedative
action evaluated in the holeboard test. The calculated percentage of 6-methylapigenin in the
crude drug is in the range 0.013% to 0.0013% (Wasowski et al., 2002), a low concentration.

Although the role of valepotriates is considered somewhat controversial, in this study,
the extract contains 96% of valepotriates of V. glechomifolia was effective in the reduced
locomotion during exploration and reduced exploratory behavior, in open field at 10 mg/kg

mice, compared to control animals, indicating sedative propriety. Similar use for effects on
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sleep, in popular medicine, interest in other valerian species. The EV showed no alterations in
anxiety.

Our results show that, all groups performed normally the novel object recognition
memory task except for the 3 mg/kg dose showed impaired long-term memory. The results
indicate that mice treated with valepotriates presented no deficits in long-term memory for
inhibitory avoidance, a type of single-trial aversively motivated conditioning, and impaired in
novel object recognition memory task only at 3 mg/kg.

In summary, our results show sedative properties in extract with valepotriates of V.

glechomifolia at 10 mg/kg, without impaired memory.
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V. Discussao

O cultivo in vitro de Valeriana glechomifolia Meyer foi estabelecido por Salles et al.
(2002). A espécie apresenta interesse, uma vez que possui valepotriatos nas partes aéreas e
subterraneas (Silva et al., 2002) — compostos relacionados a atividades fungicidas, anti-
tumorais, ansioliticas e sedativas (Fuzzati et al., 1996; Bergman & Cott, 1999; Dewick, 2000).

E uma espécie nativa dos Campos de Cima da Serra (Sobral, 1999a) e encontra-se em

processo de extingdo (IBAMA n.° 37-N, 1992).

Neste trabalho foram realizados experimentos de avaliagdo da propagacdo in vitro de
plantulas de V. glechomifolia submetidas a longo prazo de cultivo, e variando concentracdes
de nutrientes do meio de cultura Murashige & Skoog (1962) semi-s6lido, para avaliacdo dos
efeitos no crescimento e na producdo de valepotriatos, bem como a relagdo entre esses dois

parametros.

A micropropagacdo geralmente envolve transferéncia periddica do material vegetal
para novos meios, apos 1 a 2 meses, devido a exaustdo de nutrientes no meio e também ao
continuo crescimento e propagagdo dos tecidos, os quais sdo geralmente limitados pelo
tamanho do recipiente de cultura (Etienne & Berthouly, 2002). Como V. glechomifolia é uma
planta de pequeno porte e possivelmente ndo hd muitas exigéncias nutricionais para seu
crescimento, as culturas puderam ser mantidas no mesmo frasco por nove meses, sem
subcultura para novos meios de cultura. Por volta do nono més, os meios de cultura
apresentaram-se exauridos e as plantas mostraram sinais de senescéncia (clorose e necrose

foliar).

Os meios de cultura estudados demonstraram-se vidveis para o desenvolvimento de
plantulas de V. glechomifolia, proporcionando aumento da biomassa e manutencdo da
biossintese de valepotriatos. As plantulas cultivadas em meio MS apresentaram o maior
indice de crescimento durante todo o periodo de estudo, bem como maior nimero de folhas e
maior biomassa. A maior concentragdo de sais parece ativar o metabolismo primdrio da
planta, estimulando o crescimento. Tais resultados indicam o meio MS como o mais
adequado para utilizacio em experimentos que necessitem de maior biomassa em curto

periodo de tempo, uma vez que propicia maior crescimento, com maior velocidade de
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obtencdo de material vegetal em relacdo aos demais meios estudados.

Plantas cultivadas em M A mostraram os maiores teores de valepotriatos
principalmente a partir do quinto més de cultivo. A principal modificacdo na composi¢do do
M A incluiu o maior teor de inositol e dos microelementos Cu, Mo, I e Co em sua formulagao.
As possiveis razdes para o efeito estimulatorio desses componentes na produgdo de
valepotriatos incluem o efeito do inositol no metabolismo de auxinas e na sinalizag¢do celular,
bem como o potencial de estresse oxidativo de baixa intensidade induzido pelos

microelementos.

A quantificacao dos valepotriatos produzidos pelas plantas cultivadas nos trés meios
analisados demonstrou pouca variagdo do primeiro ao quarto més. No quinto més de cultivo
foi observada uma tendéncia de aumento, seguida de platd, podendo ser detectada a maior
producdo em 6 meses, a qual se mantém até o oitavo més de cultivo, quando entdo diminui.
Esse actimulo de valepotriatos parece seguir uma cinética cldssica de produgdo, com aumento,
estagnacdo e declinio, possivelmente decorrente do esgotamento de nutrientes no meio de
cultura, resultando na diminuicdo da produ¢do de metabdlitos. A tendéncia geral observada é

de ocorrer producgao de valepotriatos vinculada ao crescimento vegetal.

Plantulas de V. glechomifolia cultivadas em meio liquido MS completo apresentaram
maior crescimento que plantas cultivadas em dilui¢des do meio liquido MS (0,1 ou 0,3x). A
maior biomassa dessas plantas foi também acompanhada de maiores teores de valepotriatos

(Russowski et al., 2006).

V. glechomifolia in natura produz cerca de 2g% de valepotriatos, calculados em
relacdo a massa seca (Salles et al., 2002; Silva et al., 2002). Esse valor é cerca de 5 vezes
menor do que o de plantulas mantidas em meio M A in vitro por seis meses. Outra diferenga é
em relacdo a propor¢ao de valepotriatos. Em folhas de plantas in natura, ACE é o valepotriato
preponderante, seguido pelo VAL e DII (Salles et al., 2002; Silva et al., 2002). As culturas de
plantas mantidas nos trés tratamentos estudados apresentaram maior actumulo de
diidrovaltrato, seguido pelo valtrato, sendo o acevaltrato minoritirio. A resposta do
metabolismo de valepotriatos em modificacdes no meio de cultura provavelmente envolve

efeitos relacionados ao metabolismo parcialmente heterotréfico no cultivo in vitro.

Foi quantificada a producdo de ACE e isovaltrato em 117 espécies e variedades de
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valeriana e culturas micropropagadas de V. officinalis. A média de produgdo das espécies foi
de 0,06+£0,04g% de valepotriatos (PS). As plantulas micropropagadas obtidas a partir das
linhas Nos. 250 e 281 produziram 0,03+0,01 e 0,28+0,06g%, respectivamente, e as plantas
regeneradas desse cultivo in vitro produziram um maximo de 0,52g%, com a vantagem de

menores variacdes no conteido dos compostos de interesse (Gao & Bjork, 2000).

Um estudo comparando os niveis de valepotriatos de culturas in vitro e plantas
regeneradas de V. edulis spp. procera demonstrou que os maiores teores de producdo de
valepotriatos ocorreram em rizomas (0,19¢% PS de VAL) e raizes (0,21g% PS de DII) de
plantas regeneradas, sendo essa concentracdo semelhante a encontrada em plantas selvagens
de V. edulis no estagio reprodutivo (Castillo et al., 2002). V. mexicana produz cerca de 2,9g%
VAlL/isovaltrato e 2,5g% de DII (Tittel & Wagner, 1978); raizes e rizomas de V. officinalis
produzem entre 1,1-1,4g% (PS) de valepotriatos (Bos et al., 1998) e partes subterraneas de V.
wallichii produzem 0,09-1,30g% de PS de valepotriatos (Bos et al., 1997).

Comparando-se os dados bibliograficos de quantificagdes de valepotriatos em
espécies de valeriana (cultivadas ou a campo), conclui-se que plantulas de V. glechomifolia
obtidas apds seis meses de cultivo em meio M A mostram-se altamente produtivas para
valepotriatos (mais de 10g% PS). Esse longo tempo de cultivo € interessante para manutengdo

de culturas estoque, com reducdo de repiques, insumos de cultivo e espaco para incubagdo.

Foram elucidados mais de 150 constituintes quimicos em espécies de valeriana,
sendo muitos fisiologicamente ativos. Os grupos majoritdrios de compostos presentes em
espécies sao os mono- e sesquiterpendides (Gao & Bjork, 2000). Acredita-se que ambas as
classes apresentem atividade sedativa, porém o mecanismo de a¢do das mesmas ainda ndo foi
completamente estabelecido (Houghton, 1999; Tesch, 2001; Cass, 2004). A Farmacopéia
Européia requer a presenca detectavel de valepotriatos e de dcidos valerénicos (Gao & Bjork,
2000). Ja a Farmacopéia Brasileira prevé a padronizacdo em relacdo aos acidos valerénicos

(Farmacopéia Brasileira, 1988).

Valepotriatos t€ém sido considerados importantes para agdes bioldgicas, e varios
estudos apontaram para o efeito farmacoldgico desses compostos, mas sdo relatadas
controvérsias devido a sua baixa estabilidade em solu¢des. Entretanto, os valepotriatos
diénicos mostraram-se relativamente estaveis em metanol anidro, estocado a 20°C (Bos ef al.,

2002). O homobaldrinal, um produto de degradacdo de valepotriatos, demonstrou maior efeito
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em dose oral, podendo agir como pré-droga (Morazzoni & Bombardelli, 1995; Houghton,
1999). Valepotriatos também demonstraram citotoxicidade, podendo atuar como agentes anti-

tumorais (Bounthanh er al., 1981).

Constituintes dos Oleos essenciais de valeriana parecem inibir o catabolismo do
GABA, levando a sedacdo (Hendriks et al., 1981; ESCOP, 1997). Riedel er al (1982)
mostraram que o dcido valerénico inibiu o catabolismo do GABA no cérebro de roedores.
Extratos hidroalcodlicos e aquosos de valeriana demonstraram afinidades por receptores
GABAA (Mennini et al., 1993), e também parecem interagir com outros componentes pré-
sindpticos de neurdnios GABAérgicos (Santos et al., 1994a; Ortiz et al., 1999). Fracdes
lipofilicas do extrato alcodlico e DIl mostraram afinidade por receptores barbittiricos e por
receptores benzodiazepinicos periféricos (Mennini et al., 1993). Holz & Godau (1989)
também demonstraram que componentes de extratos de valeriana ligam-se a receptores
benzodiazepinicos in vitro. A presenga do aminoacido GABA em extratos aquosos de raizes

sugerem envolvimento no poder sedativo de valeriana (Santos et al., 1994b).

Diversos estudos clinicos indicam eficicia de valeriana, diminuindo a laténcia para
adormecer e melhorando a qualidade do sono. A utilizacdo da planta demonstra nos pacientes
um perfil favordvel em relagdo aos efeitos colaterais, sem as implicacdes residuais de fadiga,
sonoléncia, amnésia, reducdo do tdnus muscular na manha seguinte, tolerancia, dependéncia
ou sindrome de abstinéncia (Vorbach er al., 1966; Leathwood er al., 1982; Leathwood &
Chauffard, 1982-83; Lindahl & Lindwall, 1989; Gerhard et al., 1996; Dominguez et al., 2000;
Donath et al., 2000; Dorn, 2000; Herrera-Arellano et al., 2001; Poyares et al., 2002).

Devido as controvérsias existentes na literatura em relacdo ao papel dos
valepotriatos, também objetivamos demonstrar efeitos biolégicos do extrato de V.
glechomifolia contendo valepotriatos. Embora a classe de compostos estudada seja a mesma,
as proporcdes entre os valepotriatos majoritarios sdo diferentes entre V. glechomifolia e as
demais espécies utilizadas na medicina, como V. officinalis. O estudo de caracterizacdo de
outras estruturas quimicas presentes em V. glechomifolia, bem como em outras espécies de
valeriana nativas do Rio Grande do Sul estd sendo realizado pela doutoranda Luisa A. Salles

do PPGCF/UFRGS, sob orientacdo da Prof. Doutora Gilsane Lino von Poser.

Entre as provaveis substincias ativas encontradas em valeriana, foram isoladas, de V.

wallichi e de V. officinalis, e testadas: a 6-metilapigenina, uma flavona que demonstrou efeito
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ansiolitico na dose de 1 mg/kg e efeito sedativo na dose de 10 mg/kg; a hesperidina, uma
flavanona glicosidica que na dose de 4 mg/kg demonstrou propriedades sedativas (Marder et
al., 2003); e a linarina, uma flavona glicosidica, de propriedades sedativas semelhantes as da
hesperidina (Fernandez et al., 2004). Os teores encontrados de 6-metilapigenina sao de 0,013

a 0,0013% (PS) (Wasowski et al., 2002).

Em espécies utilizadas comercialmente, como V. officinalis, os valepotriatos estdo
presentes nas concentragdes de 1,1-1,4% (PS) nas raizes (Bos et al., 1997). Os é&cidos
valerénicos, que sao de 3 a 8 vezes mais concentrados que valepotriatos em espécies de
valeriana (Gao & Bjork, 2000), mostraram-se ativos em camundongos na dose de 100 mg/kg
ou mais, nos testes de tracdo e rotarod, demonstrando atividade depressiva ndo especifica do

sistema nervoso (Hendriks et al., 1985).

Entre as doses do extrato cloroférmico semi-purificado (contendo 96% de VAL,
ACE e DII, quantificados por CLAE) estudadas neste trabalho, a dose de 10 mg/kg, injetada
intraperitonealmente em camundongos, apresentou diferenca estatistica significativa do grupo
controle nas medicdes de locomocdo (nimero de cruzamentos) € de comportamento
exploratério (nimero de rearings) no campo aberto, indicando possivel efeito
hipnético/sedativo. Nessa dose, ndo foi afetada a memoria nos testes de esquiva inibitdria e

reconhecimento de objeto, ambos realizados com injecdes pré-treino do extrato.

Nas doses do extrato testadas, ndo foram observadas diferencas significativas na
ansiedade — avaliada pela laténcia e nimero de bolos fecais — no experimento de campo
aberto. Porém, esses parametros analisados nao t€ém muita especificidade, e o efeito do EV

sera testado no labirinto em cruz-elevado.

Uma curva caracteristica de memoria foi obtida no experimento de reconhecimento
de objeto de longa duracdo (apds 24 horas), em que a dose de 3 mg/kg do EV prejudicou a
memoria de reconhecimento do novo objeto, quando os animais receberam injecao do extrato
pré-treino. Essa dose também demonstrou aumento na laténcia no campo aberto, mas nao
ocorreram diferencgas estatisticas (com P= 0,089) em relacdo a significancia estipulada de P=
0,05. Nas demais doses testadas, ndo foram observados prejuizos na memoria de
reconhecimento de objeto de longa duracdo (tarefa de aprendizado simples, uma memoria dos
animais correspondente a memoria declarativa de fatos e episédios em humanos) e esquiva

inibitéria (uma memdria aversiva emocional), avaliadas apds 24 horas.
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Em suma, os resultados mostram que o cultivo in vitro representa um sistema
adequado para producdo sustentada e renovdvel de biomassa cataliticamente ativa de V.
glechomifolia para producdo de valepotriatos. As modificacdes de nutrientes no meio de
cultivo parecem ser uma forma promissora de modular a producao de valepotriatos. O extrato
de valepotriatos da espécie em tela possui efeito sedativo sem prejuizo a memoria em modelo
animal. Futuros estudos avaliardo efeitos ansioliticos de valepotriatos e o papel desses

metabolitos no estresse oxidativo em camundongos.
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VIL. Perspectivas de Continuidade do Trabalho

* Estudar o efeito dos tratamentos estressores cloreto de sédio (NaCl), Polietilenoglicol
8000 (PEG) e cloreto de aluminio na producao de valepotriatos e a atividade de enzimas anti-

oxidantes nas plantulas de V. glechomifolia;

* Investigar no extrato contendo valepotriatos: o efeito protetor a convulsdes,

ansiolitico, mutagénico, genotoxico, atividade oxidante ou anti-oxidante e anti-tumorais.
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Summany

Valeriana glechomifolia is an endemic species of southern Brazil, capable of accumulating, in all of its organs, the
terpene derivatives known as valepotriates, the presumed sedative components of the wots of pharmaceutically used
species of Valeriana. In vitro cultures of the plant were established and the aceumulation of acevaltrate, didrovaltrate, and
valtrate in callus, cell suspension, and untransformed root cultures was studied. Leaves of in natura plants and roots of
micropropagated plantlets were used as the explants for callus induction and ot culture establishment, respectively, on
Gamborg B5 basal medium supplemented with 2,4-dichlorophenoxyacetic acid (2,4-D) alone or with kinetin (KIN).
Culture growth and secondary metabolite vields were enhanced with 2,4-D (4.52 pM) and KIN (0.93 pwM). Maximum
valepotriate contents, quantified by HPLC, of acevaltrate (ACE) 26mgg ' DW | valtrate (VAL) 102mgg ' DW, and
didrovaltrate (DID) 2.9mgg~ ' DW were observed in mwot cultures after 7-8 wk of culture.

Key words: acevaltmte; didrovaltrate; HPLC: in vitro cultures; Valeriana: valtrate.

InTRoODUCTION

Plants of the genus Valeriana produce irideid esters of
biotechnological interest, known as valepotriates (Backlund and
Moritz, 1998) which, together with valerenie acids, are considered
the constiments responsible for the sedative effect of mots and
rhizomes of some species of the genus (Houghton, 1999, Herrera-
Arellano et al., 2001). Of the nine endangered Valeriana species
distributed in southem Brazil (Sobral, 1999). Valeriana glechomi-
folia is the richest in valepotriates (Salles et al., 2000k Silva et al.,
2002); the valepotriates are found in both aerial and subtermnean
parts of this plant.

Plant cell cultures may offer an alternative for a controlled
production of biologically active compounds, and root cultures can
display high biosynthetic capability (Pras, 2000). Production of
valepotriates have been studied in tissue cultures of different
species of the Valerianaceae (Becker and Schrall, 1980; Violon
et al., 1984), in wot cultures of Valeriana wallichii DC (Becker and
Chavadej, 1988) and in hairy roots of Valerianella officinalis L. var.
sambucifolic. Mikan (Griinicher et al, 1992), V. wallichi DC
(Banerjee et al., 1998), Valerianella discoidea (L.) Loisel (Caetano
et al., 1999), and Valeriana locusta (Kittipongpatana et al., 2002).

A pmtocol for in vitro propagation of V. glechomifolia was
established (Salles et al., 2002), and the study of the influence of the
auxins indole-3-acetic acid (IAA), indole-3-butyric acid (IBA), and

*Author to whom correspondence should be addressed: Email sandrari
farmaria nfrgs.hr

a-naphthaleneacetic acid (NAA) on plantlet propagation demon-
strated that the best performance in valepotriate production, growth,
and survival in ex vitro conditions after plant acelimatization was
achieved with the continuous presence of 571 pM [AA. This
condition vielded plants with stable levels of valepotriates
throughout the culiivation period (De Carvalho et al., 2004).

This study was conducted to evaluate production of valepotriates
in V. glechomifolia callus, cell suspension, and untransformed root
cultures and to compare the yields of these secondary metabolites
with in vitre regenerated plants.

Marerians ano Metnons

Plant material and culture methods. The plant material was
collected in April 1998 in the State of Rio Grande do Sul, Brazil. The
species was identified by M. Sobral and a voucher specimen (Sobral, 7733)
was deposited in the Herbarium of the Universidade Federal do Rio Grande
do Sul (ICN). Leaves were excised, thoroughly washed with tap water,
surface sterilized in 70% EtOH for 1 min, rinsed twice with sterile-distilled
water, immersed in 1.5% sodium hypoclorite for 10min, and rinsed four
times with sterile-distilled water.

For callus induction, leaves (e. 9% 7 mm) were cultured in Petri dishes
with 20ml of Gamhorg BS medium (Gamborg et al, 1968) containing
151" of polyvinylpolypyrrolidone (PVE), 30gl ™" sucrose, 24-D {0, 4.52,
9.05, or 18.10 pM), and KIN (0, 0.93, 2.32, or 4.65uM). The pH of the
medium was adjusted to 5.7 and agar (extra pure, Merck) was added at
7gl™" before sutoclaving for 20 min at 121°C. The cultures were maintsined
& 25 * 1°C, in the dark or under 16 h light (40 pmol m™ s~ ")8 h dark. The
treatments  were arranged a5 a 6 (24-D  concentration) % 4 (KIN
concentration) factorial in & completely randomized design with 10
replicates per treatment. Calluses formed with 4.52 p 2.4-D (mediom I
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or with 4.52 pM 2,4-D + 093 pM KIN (medium 11) and were subcultured
every 4 wk; fresh weight (FW) and dry weight (DW, assessed by freeze
drying), and valepotriate yields were recorded monthly.

Friable callus . 10 g FW after 10 subcultures) was coltured in 50 ml lquid
Gamborg B5 medium supplemented with 4.52 M 2.4-D alone (medium 1) or
with 0.93 pM KIN (medium 1) in 250m] Erenmeyer flasks. Cultures were
maintzined in the dark on a rotatory shaker (100 rpm) at 25 = 1°C, and the
subeulture was performed every 15 d. Cell FW and DW, as well as val epotriate
yields, were recorded at 4 d intervals for 30d. The experiment was conducted
with three replicates per time in two independent experiments.

For the establishment of untransformed root cultures, mots of plantlets
of V. glechomifolia maintained for 4yr on M3 (Murashige and Skoog,
1962) medium without growth regulators (M3, plantlets), or supplemented
with 1.78pM of BA (M5, plantlets), were used (Salles et al, 2002)
Roots excised from 2-mo.-old micropropagated M3, and M3y plantlets
were cultured in liguid mediom  supplemented  with 4.52pM 24-D
(medium [} or with 4.52 pM 24-D + 093 pM KIN (medivm 11) in the
dark on a rotatory shaker (100rpm) st 25 * 1°C and subcultured at
intervals of 4wk for lyr. For time-course experiments, 10-d-old pre-
cultured root tissues (1.0g) were inoculated in fresh liquid medium 11 (25
in 125ml Erlenmeyer flasks). Roots” FW and DW and valepotriate
contents were recorded at 7-d intervals for 9wk with three replicates in
three independent experiments.

Valepotriate determinations. The chemical extraction of the
lyophilized in wre cultures and  the high pedormance  liquid
chromatography (HPLC) analysis of valepotriates were performed according
to the previously reported procedure (Silva et al., 2002). The powdered
material was extracted five times at room temperature with chloroform
under 30-min sonication (Ulrasonic®, Sao Paulo, Brazil). The extract was
dissolved in methanol to obtasin 8 concentration of 1 ml_l, filtered
through a membrane filter (0.22 pm pore size, Merck) and analyzed by
HPLC in a Shimadzu instrument consisting of a LC-10AD pump, an SPD-
10A UV detector and an automatic injector (S1L-10*) with a 20 pl sample
loop (Waters Nova-Pack C18 column: 4 pm, 3.9 % 150mm id. with Waters
Nova-Pack C18 guard column: 60 A, 3.9 X 20mm; isocratic: CHyCN/HLO,
30:50 (wiv); 1mlmin™"; detector sensitivity: 1.0 Aufs; 23 nm for dienic
valepotristes and 208nm for the monoenic valepotriate). Hetention times
were 18 1min (ACE), 198min (DID) and 34.8min (VAL). The
valepotristes used as external standards were isolated as described
elsewhere (Salles et al., 2000). The identity and purity of the compounds
were confirmed by 'H-NMR (Salles, 1999,

ANOVAs were followed by Tukey test (Sokal and Rohlf, 1981). A critical
value of P = 0.05 was used for all statistical tests.

Resurts anp Discussion

Induction of callus from leaves of V. glechomifolia was
completely inhibited in the presence of light and in the absence
of 24-D in the medium. Callus cultures grown on media 1 and 11
doubled in biomass (FW) every 4wk of culture in the dark and were
sufficiently friable for the establishment of cell suspension cultures.

HPLL analysis showed that the extracts of callus and suspended
cells aceumulated the valepotrates present in the leaves of the
mother plant (Salles et al., 2002), and the main compounds were
quantified. The contents of ACE and VAL in the callus cultures
(Table 1) were greater than in the leaves of field-grown plants and
comparable to those of microprmopagated plant leaves. The contents
of valepotriates were lower in suspended cell cultures than in callus
cultures, except for DID (Table 1), and on both cultures the
presence of KIN in the medium was beneficial te valepotriate
accumulation (Table 1).

Considering the increase in biomass and valepotnate vield,
suspended cell cultures grown with 2.4-D and KIN were the most
productive cultures achieving maximum growth (45 g of FW/1.03 g
DW) after 28d. Maximum valepotriate accumulation (0267% DW
ACE, 0.216% DW VAL and 0.1439 DW DID) was observed after
22 d of culture.

Untransformed mwot cultures maintained in vitre for 1yr were
investigated for the presence of ACE, VAL, and DID by HPLC. The
analysis showed that the cultures retained the capacity for production
of ACE and VAL, whereas DID was detected only in MS,-culured
wots (Table 1). In particular, the cultivation of M5, roots (roots
derived from plantlets grown in MS medium supplemented with
1.78 pM 6-benzylaminopurine, BA) with 2.4-D and KIN led to an

TABLE 1

VALEPOTRIATES IN CALLUS, SUSPENDED CELL, AND UNTRANSFORMED ROOT CULTURES OF VALERIANA GLECHOMIFOLIA GROWN ON
GAMBORG BS LIQUID MEDIUM FOR 4 WK

% Content (dry weight)

Acevaltrate Valtrate Didrovaltrate
Leaves of field-grown plants 0.142 0.19%0 0.126
Leaves of in vitro-grown M3, plantlet (no growth regulators) 0360 0.290 0.058
Leaves of in vitro-grownMS, plantlet (BA) 0.460 0.400 0.010
Roots of M3; plantlet (no growth regulators) 0.320 0.290 0.057
Roots of MS, plantlet (BA) 0.440 0.080 0.020
Callus cultures (2,4-DJf* 0476 = 0001 a 0377 * 0.027h 0.058 * 0.009h
Callus cultures (24-D + KINJ 0515 = 0.0 a 0.610 = 0.070a 0.122 = 0.01%a
Suspended eells (24-D) 0113 = 0.030¢ 0.095 = 0.009de 0.117 £ 0.015a
Suspended cells (24-1 + KIN)® 0.267 = 0.044 b 0.161 * 0.054cd 0.110 = 0.006a
Untransformed root culures M3, (24-D) 0.051 = 0.008 de 0.075 = 0.091 de Nd
Untransformed root culures M5, (24-D + KINY 0,025 =002 0.036 = 0.002e Nd
Untransformed root culures M3y (24-D) 0,079 = 0.008 cd 0.209 = 0.046 0,086 = 0.024ab

Untransformed root culures M3, (24-D + KINYF

0125 * 0.009 ¢

0.647 * 0.086a 0.099 * 0.012ah

Nd. not detected.

“These plant materials and corresponding numbers were statistically compared within columns (experiments conducted for this report). Means sharing a letter
within a column are not significantly different (Tukey test, P = 0.05): Numbers after® are standard errors. (ther plant sources and numbers were taken from

Salles et al. (2002) for the purpose of overall direct comparison
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increase of ACE and VAL contents being the concentration of the
latter higher than the production observed in the roots of plantlets and
roots of field-grown plants (Salles et al., 2002).

The growth of M3, root cultures on medium 11 was characterized
as the relative biomass increase over a 9-wk period. Maximum
hiomass (dry and fresh weight) was achieved after 78 wk of culture
(Fig. 1a), whereas the content of valepotriates decreased at early
logarithmic phase until week 4 and afterwands increased in parallel
with root growth, reaching maxinum vield at weeks T and 8 (Fig. 15).
VALwas the main valepotriate accumulated with a maximal content
of 10.2mgg " DW, whereas the yields of ACE and DID were
2.6mgg " DW and 29mgg™' DW. respectively. Despite the
relatively low multiplication mte of the cultures, the levels of VAL
and ACE were superior or equivalent to those quantified for
acclimatized V. glechomifolia plants originated from M3 medium
without growth regulators and with 5.71 pM IAA, respectively, after
3 mo. of ex vitro growth (De Carvalho et al., 2004). To overcome the
culture’s slow growth, further studies will focus on the establish-
ment of hairy mots cultures and on the investigation of biomass
metabolite production scale up.

DI A-valtrate and 1-B-acevaltrate, present in the roots of the parent
plant (Salles et al., 2002), were also detected in the untransformed
root cultures. Moreover, valepotriates were not significantly released
into the culture medium during the experiment.
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Fic. 1. Time-course of growth and valepotriste accumulation in M5,
untransformed root cultures of Valeriana glechomifolia in Gamborg BS
liquid medium containing 2,4-D and KIN. a, Accumulation of fresh and dry
weight; b, sccumulation of valtrate, acevaltrate and didrovaltrate. The bars
indicate standard errors of the means of three replicates.

Our study demonstrated that callus, suspended cell, and
untransformed root cultures of V. glechomifolia were able to
accumulate ACE, VAL, and DID. The presence of DID, however,
depends on the medium used for the initiation of the wot cultures
(Salles et al., 2002). Furthermore, the addition of KIN in the medium
had little effect on the growth of the cultres but promoted
valepotriate formation in cultures with a low degree of differentiation
{callus and cell suspensions). This is in contrast to what was
observed in micropropagated plantlets, which tended to accumulate
relatively lower contents of valepotriates when maintained on BA
containing medium (M3,4) (Salles et al., 2002; Table 1).

Differentiated voot culbtures derived from plantlets grown in a
eytokinin-containing medium (M%) increased the valepotriate
content upon culture in a KIN-containing medium, but moot cultures
derived from plantlets grownin the absence of evtokininhad a reduced
valepotriate content upon growth in KIN-containing medium(Table1).
These contrasting responses could be associated with differences in
evtokinin homeostasis and sensitivity in various tissues with distinct
degrees of differentiation. The maintenance of valepotriate
biosynthetic capacity in different types of V. glechomifolia cultures
in media with 2,4-1) as the main phytohormone i in agreement with
the earlyobservation that 2 4-D did notinhibit valepotriate production
by V. afficinalis wot cultures (Violon et al., 1984). The systems herein
described can be further investigated to optimize secondary
metabolite production and analyze valepotriate hiosynthesis.
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Abstract A system for growing in liguid med-
ium whole plants of Valeriana glechomifolia,
endemic to southern Brazil and capable of accu-
mulating bioactive valepotriates, is described.
Murashige and Skoog (MS) and Gamborg BS
(B5) media (1.0x, 0.3x and 0.1 strength) without
phytohormones were evaluated after four weeks
of culture in relation to growth and valepotriate
yield. Plants grown in 1.0x MS displayed greatest
growth and valepotriate yields and the study of
the light condition showed that plants grown un-
der light and dark had similar weight increase and
maximum valepotriate vield, 27.2 mg/g DW and
250 mg/g DW, respectively. Valtrate was the
most abundant valepotriate, followed by aceval-
trate and didrovaltrate.
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Abbreviations

ACE Acevaltrate

DID Didrovaltrate

B5 Gamborg B5 medium

Gl Growth Index

MS Murashige and Skoog medium
VAL Valtrate

Introduction

Plants of the genus Valerigna have sedative,
antispasmodic and relaxing properties attributed
to the iridoid esters, known as valepotriates
(Backlund and Moritz 1998), as well as to the
valerenic acids. These molecules are predomi-
nantly produced in the subterranean parts of
intact plants (Houghton 1999; Herrera-Arellano
et al. 2001). Valepotriates also have been shown
to have antifungal (Fuzzati et al. 1996) and
cytotoxic (Bounthanh et al. 1981; Bos et al
1998a) activities. As an alternmative to obtain
these active compounds of pharmaceutical
interest, some species have been investigated:
V. officinalis, cultivated in Europe on a large
scale (Bos et al. 1998b)y;, V. wallichii, native
to the Himalayas (Mathur et al. 1988), and
V. edulis originated from Central America
(Castillo et al. 2002).
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Valeriana glechomifolia is an endemic species
of southern Brazil, capable of accumulating in all
of its organs the terpene derivatives valepotriates
(Silva et al. 2002). The plant can not be easily
propagated by seeds and was successfully propa-
gated in vitro through tissue culture (Salles et al.
2002). The growth kinetics in solid medium
demonstrated that the continuous presence of
5.71 uM of IAA vielded plants with stable levels
of valepotriates (De Carvalho et al. 2004). How-
ever, 1ts small size and low biomass of individuals
require an efficient system to improve the pro-
duction of genetically homogeneous plants and to
provide a source of bioactive compounds for the
long term supply of crude drugs.

Ligquid cultures are ideal in micropropagation
for vigorous growth, reducing plantlet production
costs and for automation (Etienne and Berthouly
2002). Bioreactor technologies are regarded as
key factors for mass propagation of selected
sterile plants in optimized environmental condi-
tions, and experimental equipment for shoot
cultures have been developed with the aim of
reducing the production cost while maximizing
plant growth (Bondarev et al. 2003; Murch et al.
2003; Liu et al. 2004). However, most of the shoot
cultures are sensitive to shear stress and may
vitrify after prolonged liguid culture (Liu et al.
2001). Therefore, the objective of the current
study was to develop a liguid system that can
provide adequate biological requirements for
in vitro propagation of whole V. glechomifolia
plantlets, and to further investigate factors mod-
ulating biomass generation and phytochemical
composition of the plants.

Materials and methods
Plant material

Shoot tips (1 cm) isolated from two-month-old
micropropagated V. glechomifolia were obtained
as described by Salles et al. (2002). Plantlets used
in the experiments were grown on MS medium
(Murashige and Skoog 1962) containing 3% su-
crose and 0.6% agar (extra pure, Merck), at pH
5.7, Prior to inoculation in liquid medium, plant-
lets were grown in 25 ml solid medium for eight

@ Springer

weeks, maintained at 25+ 1°C, under a 16 h
photoperiod provided by cool white fluorescent
lamps (approximately 45 ymol m™ s7'). Plantlets
weighing 0.65 £ 0.19 g (mean = SD, n = 3530)
were placed on circular membranes with a small
central orifice (to allow roots to contact the
medium) and transferred to 250 ml Erlenmeyer
flasks containing 50 ml of MS or B5S (Gamborg
et al. 1968) medium, at full, 0.3x or 0.1x strength,
containing 3% sucrose, without plant growth
regulators, and capped with aluminum foil
(Fig. 1A). Plantlets were grown on a rotatory
shaker (Innova 2350, New Brunswick Scientific,
New Brunswick, NJ) at 100 rpm under the same
conditions described above. After four weeks, the
residual medium volumes were recorded and
plantlets were rinsed, blotted dry, and their FW
was measured. Then, plants were freeze-dried for
DW and valepotriate determination. Culture
media were also freeze-dried for analysis of re-
leased valepotriates. In order to minimize differ-
ences in growth that may have been the result of
variation in initial plantlet size, the Growth Index
(GI) = (weightgna — weightinjria)/weightiniia, was
also used to evaluate growth.

In a second set of experiments, plantlets were
grown in 1.0 MS medium under the same con-
ditions described above, and plant development
and valepotriate contents were evaluated at
seven-day intervals for seven weeks. Every week,
the residual medium volumes were recorded, and
plants were rinsed, blotted dry, and, after fresh
weight and growth index determination, plants
were [reeze-dried for measuring the DW and
valepotriate content.

In a third set of experiments, plants were
grown on 1.0x MS medium as described above
and were kept under dark and light conditions.
Growth index, DW, root and leaf number, and
valepotriate vields were recorded at seven-day
intervals for 35 days.

Valepotrate extraction and analyses

The chemical extraction of the lyophilized in vitro
cultures and nutrient solutions and the High
Performance Liquid Chromatography (HPLC)
analysis of valepotriates were performed accord-
ing to Silva et al. (2002). The powdered material
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Fig. 1 V. glechomifolia
liquid culture propagation
system: (A) Two-month-
old plants grown on solid
medium transferred to a
membrane raft and
cultured in 250 ml flask
containing 50 ml of liquid
medium without plant
growth regulators. (B)
Plant after four weeks of
growth on 1.0:x MS liguid
medium (width of

shoots = -5 am)

B)

f &
f=rik
i

SR

was extracted four times at room temperature
with chloroform under 20 min sonication (Ultra-
sonic®, Sio Paulo, Brazil). The extract was dis-
solved in methanol to obtain a concentration of
1 mg/ml, filtered through a membrane filter
(0.22 pm pore size, Merck) and analysed by HPLC
in a Shimadzu instrument consisting of a LC-
10AD pump, a SPD-10A UV detector and an
automatic injector (SIL-10") with a 20 pl sample

¥

loop. A Waters Nova-Pack CI8 column (4 pm,
3.9 x 150 mm 1d. with Waters Nova-Pack CI8
guard column, 60 A, 3.9 x 20 mm) was the sta-
tionary phase; the mobile phase was 1socratic
CH:CN/H-0, 50:50 (v/v); flow rate of I ml min~".
Detector sensitivity was set to 1.0 Aufs; wave-
lengths used were 254 nm (dienic valepotriates)
and 208 nm (monoenic valepotriate). Valtrate,
acevaltrate and didrovaltrate, used as external

€1 springer
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standards, were isolated from V. glechomifolia as
described by Salles et al. (2000). The valepotriates
(10 mg each) were individually dissolved in meth-
anol, diluted stepwise (0.5, 0.25, 0.125, 0.0625 and
0.03125 mg/ml), and 10 ul were injected into the
HPLC in triplicate. The calibration plots were
generated by measuring their respective peak areas
and linear regression equations were calculated.

Statistical analysis

In all of the experiments, the layout was totally
randomized. All treatments had five replicates and
each experiment was independently carried out at
least three times. One-way or two-way Analysis of
Variance (ANOVA) and Duncan test were app-
lied with a critical value of P < 0.05. Data trans-
formation was done as recommended to satisfy
ANOVA requirements (Sokal and Rohlf 1981).

Results and discussion

Valeriana glechomifolia grown in liguid medium
produced plants with significant increase of bio-
mass without hyperhydncity (Fig. 1B) when
compared with plants grown in semi-solid med-
ium (De Carvalho et al 2004). The higher
growth values could be explained by a better
contact between the explants and liquid medium,
which increases the availability and ability for
nutrient uptake, and by the aeration provided by
agitation. Biomass produced after four weeks of
culture was influenced by the concentration of
the medium with better values displayed by
plants grown in MS and B5 full concentration
(Fig. 2 A, B).

Valepotriate yields also improved with media
concentration (Fig. 2C), except for 1.0x B5 grown
plants, in which the content of these metabolites
did not increase, even with a corresponding better
growth. The most prominent difference between
MS and B3 media is the lower NH,;" /NO3 ratio
present in BS medium. It is possible that this
difference in proportion of N sources, combined
with full strength concentration, may have influ-
enced valepotriate yields. Similar results have
been reported for taxol production in cell cultures
of Taxus yunnanensis, which were influenced by
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Fig. 2 Effect of MS (Murashige and Skoog) and BS
(Gamborg B5) media on growth (A and B) and valepo-
triate  contents (VAL—wvaltrate, ACE—acevalirate,
DID—didrovaltrate ) (C) of V. glechomifolia plants grown
in hguid culture. Values are means of three different
experiments + 58D (n = 15). Bars sharing a letter within
graphs are statistically equivalent (P < 0.05)

the nitrogen source, proportion and concentration
in the medium (Chen et al. 2003). Nevertheless,
except for 1.0x MS medium, the responses to
changes in nutrient composition had only minor
effects on the ratio of individual valepotriates
accumulated in the plants. The overall data
indicate a growth-dependent accumulation of
valepotriates in plants of V. glechomifolia, in
agreement with previous data reported for
transformed root cultures of Valerianella sp.
(Kittipongpatana et al. 2002).

The analysis of valepotriates in the nutrient
solution demonstrated that the plants spontane-

ously released small quantities of these
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compounds. The analysis, performed in the dif-
ferent media after four weeks of growth, yielded
approximately 0.5 mg/l medium of total valepo-
triate vields (data not shown), maintaining the
same the ratio of individual valepotriates accu-
mulated in the plants. Considering the relatively
small concentrations of valepotriates released by
the plants to the liguid medium, the quantifica-
tion on the nutrient solution was not further
analysed nor added to the valepotriate concen-
tration in plants for yield determination. Reports
showing that valepotriates were entirely retained
in tissues of hairy root cultures of V. officinalis
L. war. sambucifolia Mikan (Granicher et al.
1992) and in hairy root cultures of V. wallichii
DC (Banerjee et al. 1998) are in agreement with
the small release observed in the whole plant
cultures of V. glechomifolia. Nevertheless, the
permeabilization of cells and tissues for second-
ary metabolite release can be investigated with
techniques described for other medicinal plants
(Gontier et al. 2002).

The comparison of results of growth and va-
lepotriate production indicated the use of 1.0x
MS medium for further experiments. Although
not tested in the present study, an intermediate
concentration between 0.3 and 1.0x MS may yield
equivalent results on these parameters compared
to 1.0x MS. The study of plant growth kinetics
showed that 1.0x MS medium contained enough
nutrients to allow a growth cycle of seven weeks
for V. glechomifolia plants; there was a four-day
lag phase before plants started to grow. Dry
weight (Fig. 3A) and GI (Fig. 3B) of the plants
increased progressively up to six  weeks
(0.73£0.05g and 7.94+ 14, respectively).
Weight decreased to 052 £0.12 g (GI 7.3 = 1.3)
by day 49. Plants grown for 28 days grew nor-
mally after ex-vitro transfer and resulted in plants
of normal morphology (data not shown). Total
valepotriate yields decreased during the lag phase
and started to increase steadily from
14.1 = 26 mg/g DW on day 7 to reach a maxi-
mum of 27.2 £ 4.7 mg/g DW on day 28 (Fig. 3A).
The valepotriate contents decreased rapidly after
35 days to 108 £25mg/le DW on day 42,
whereas plant weight decreased by day 49. The
production of VAL and ACE was highest on day
28 (16,1 = 1.7 and 52 £ 1.4 mg/g DW, respec-
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Fig. 3 Tme-course study of growth and wvalepotnate
production in plants of V. glechomifolia cultured in 1.0
MS ligquid medium containing 3% sucrose. (A) Dry weight
and total valepotriate contents (TVC), (B) Growth index
(GI), (C) Individual valepotniate contents (mg/g DW).
Values are means of four different experiments, bars = +
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tively), whereas DID concentration was highest
on day 21 (62 = 1.4 mg/g DW) (Fig. 3C).

Light 15 an important physical factor, which
influences growth, development and the forma-
tion of primary and secondary metabolites (Rout
et al. 2000). The analysis of V. glechomifolia
growth in liquid culture under light and dark
conditions showed that light-grown plants yielded
higher GI by 21 days of culture, although equiv-
alent Gls were seen later for the treatments
(Fig. 4A); a similar increase in number of leaves
throughout the culture period was observed both
under light and dark conditions (Fig. 4B). Higher
numbers of roots started to be observed after

28 days of growth in dark treatment (Fig. 4C).
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After 14 days of culture, dark-grown plants star-
ted to show chlorosis, which was intensified to-
ward the end of the incubation period; however,
plants were still viable at the end of the experi-
ments. The maximum valepotriate contents were
observed after four (272 £ 5.9 mg/g DW) and
five (25.0 = 4.9 mg/g DW) weeks in the cultures
growth under light and dark conditions, respec-
tively (Fig. 5A, B, C and D). In both cases, the
major valepotriate was valtrate and valepotriate
contents were equivalent or higher than those
reported for the intact plant of V. glechomifolia
(Silva et al. 2002), with no significant difference in
total valepotriate contents between light and
dark-grown plants or in valepotriate release to the
medium. In vitro callus and root differentiated
tissue cultures of V. officinalis, Centrathus ruber
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time (days)

Fig. 5 Valepotriate vields (mg/g DW) accumulated by
V. glechomifolia plants cultured in 1.0x MS medium under
light (45 pmol m™* s7") and dark conditions. (A) Valtrate,
(B) Acevaltrate, (C) Didrovaltrate, (D) Total valepotriate
contents. Values are means of three different experi-
ments £ SD (n = 15)

and C. macrosiphon grown in continuous dark
showed, in several cases, higher valepotriate
contents than the roots of intact plants (Violon
et al. 1984), indicating that light is not an indis-
pensable physical condition for valepotriate for-
mation. Similar results have been reported for
valepotriate accumulation in callus, suspended
cells and untransformed root cultures of V. glec-
homifolia (Maurmann et al. 2006).
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The limited effects of light and darkness on
metabolite yield suggest that valepotriate pro-
duction may rely on combined sources of iso-
pentenyl  pyrophosphate  supplied by  the
mevalonate (MVA) and deoxy-p-xylulose-5-
phosphate (DXP) pathways (Lange et al. 1999).
Future studies should focus on the relative par-
ticipation of these pathways in the biosynthesis of
valepotriates.

Propagated Valerianeae have been shown to
maintain stable valepotriate production compa-
rable to or even higher than field-grown plants.
Micropropagated V. officinalis plants showed less
variation than seed propagated plants in contents
of active constituents (Gao and Bjork 2000). In
another study performed with V. edulis, Castillo
and co-workers (2002) showed that the contents
of valepotriates from roots and rhizomes of
in vitro regenerated plants were comparable to
the same parts of wild plants in reproductive
stage. Micropropagated plants of V. glechomifolia
showed similar or higher contents of valepotriates
compared to wild plants after three months of
acclimatization (De Carvalho et al. 2004).

In conclusion, V. glechomifolia can be suc-
cessfully propagated in liguid medium without
growth regulators, and the system developed in
this work can provide stable biomass and va-
lepotriate production by whole-plant liquid cul-
ture. Valepotriate contents of liquid medium
cultured plants were higher than those observed
in field-grown plants. Considering the ease of
medium adjuvant supply and uptake surface, and
the control of environmental factors, this whole
plant culture system can be useful to produce
phytochemicals from V. glechomifolian and to
study their metabolism.
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