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Anexo de análisis estadístico 
Anexo tabla 1-. Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

entre los tratamientos para la germinación. En la tabla “a” demuestra que hay diferencias entre los 

tratamientos puesto que el P-valor<0,05, mientras que en la tabla “b” permite determinar cuales medias de 

los tratamientos son diferentes. 

A1-. Análisis de Varianza para germinación en semillas naturales - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Tratamiento 476,25 3 158,75 198,04 0,0000 

RESIDUOS 6,4128 8 0,8016   

TOTAL (CORREGIDO) 482,663 11    

 

A2-. Pruebas de Múltiple Rangos para germinación en semillas naturales en cada tratamiento 

Método: 95,0 porcentajes Tukey HSD 

Tratamiento Casos Media LS Sigma LS Grupos Homogéneos 

Control 3 0,0 0,516914 X 

Giberelina 3 7,0 0,516914   X 

Escarificación 3 14,0 0,516914       X 

Aplastamiento 3 16,0 0,516914       X 

 

B1-.Análisis de Varianza para valores de germinación en semillas artificiales  - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:SH/SH_ML 1441,5 1 1441,5 49,91 0,0021 

RESIDUOS 115,525 4 28,8813   

TOTAL (CORREGIDO) 1557,03 5    

Todas las razones-F se basan en el cuadrado medio del error residual 

 

B2-.Pruebas de Múltiple Rangos para valores germinacion para SH_SH_ML 

Método: 95,0 porcentaje Tukey HSD 

SH_SH_ML Casos Media LS Sigma LS Grupos Homogéneos 

SH 3 64,0 3,10276 X 

SH-Ml 3 95,0 3,10276    X 
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Anexo tabla 2-. Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

entre los medios de inducción por tallo. En la tabla “a” demuestra que hay diferencias entre los tratamientos 

puesto que el P-valor<0,05, mientras que en la tabla “b” permite determinar cuales medias de los medios 

probados son diferentes estadísticamente.  

a-. Análisis de Varianza para valores medio tallo - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Medios inducción tallo 6619,34 2 3309,67 168,36 0,0000 

RESIDUOS 117,949 6 19,6582   

TOTAL (CORREGIDO) 6737,29 8    

 

b-. Pruebas de Múltiple Rangos para medios inducción de tallo 

Método: 95,0 porcentaje Tukey HSD 

medios inducción tallo Casos Media LS Sigma LS Grupos Homogéneos 

IBA (0,1 mg/l) +  BA (2 mg/l) 3 10,5 2,55983 X 

AIA (2 mg/l) + KIN (0,2 mg/l) 3 61,8 2,55983     X 

NAA (2 mg/l) + BA (2 mg/l) 3 72,7 2,55983     X 

 

Anexo tabla 3-.Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

entre los medios de inducción por hoja. En la tabla “a” demuestra que hay diferencias entre los tratamientos 

puesto que el P-valor<0,05, mientras que en la tabla “b” permite determinar cuales medias de los medios 

probados son diferentes estadísticamente.  

a-.  Análisis de Varianza para valores medio inducción en hoja - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Medios inducción hoja 2022,74 3 674,248 16,90 0,0008 

RESIDUOS 319,134 8 39,8917   

TOTAL (CORREGIDO) 2341,88 11    

 

b-. Pruebas de Múltiple Rangos para valores de medios de inducción hoja 

Método: 95,0 porcentajes Tukey HSD 

Medios inducción hoja Casos Media LS Sigma LS Grupos Homogéneos 

2,4-D (1mg/l) + KIN (0,1 mg/l) 3 56,9 3,64654 X 

IBA (0,1 mg/l) +  BA (2 mg/l) 3 80,7 3,64654    X 

AIA (2 mg/l) + KIN (0,2 mg/l) 3 81,4 3,64654    X 

NAA (2 mg/l) + BA (2 mg/l) 3 92,5 3,64654    X 
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Anexo tabla 4-. Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

entre los medios de crecimiento. En la tabla “a” demuestra que hay diferencias entre los medios utilizados 

puesto que el P-valor<0,05, mientras que en la tabla “b” permitió determinar cual de los medios es 

estadísticamente diferentes al resto.  

a-.Análisis de Varianza para valores_medio_crecimiento - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Tiempo 0,131748 3 0,043916 306,24 0,0000 

 B:Medio crecimiento 4-PU-30 0,00248581 2 0,00124291 8,67 0,0015 

INTERACCIONES      

 AB 0,0119558 6 0,00199263 13,90 0,0000 

RESIDUOS 0,0034417 24 0,000143404   

TOTAL (CORREGIDO) 0,149631 35    

 

b-.Método: 95,0 porcentaje Tukey HSD 

Medio crecimiento Casos Media LS Sigma LS Grupos Homogéneos 

MS+PU 2 mg/l 12 0,128538 0,00345692 X 

MS+PU 1mg/l 12 0,136 0,00345692 X 

MS+PU 3 mg/l 12 0,148669 0,00345692     X 

 

Anexo tabla 5-. Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

en la producción de los centellósidos entre los medios de crecimiento. En la tabla “a” demuestra que hay 

diferencias entre los medios utilizados puesto que el P-valor<0,05, mientras que en la tabla “b” permitió 

determinar cual de los medios es estadísticamente diferente al resto.  

a-. Análisis de Varianza para producción total - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Tiempo 0,0468667 2 0,0234333 17,90 0,0001 

 B:Crecimiento 4-PU30 0,0164667 2 0,00823333 6,29 0,0085 

INTERACCIONES      

 AB 0,0185333 4 0,00463333 3,54 0,0268 

RESIDUOS 0,0235622 18 0,00130901   

TOTAL (CORREGIDO) 0,105429 26    
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b-. Pruebas de Múltiple Rangos para crecimiento producción totales por crecimiento 4-PU30 

Método: 95,0 porcentaje Tukey HSD 

Crecimiento 4-PU30 Casos Media LS Sigma LS Grupos Homogéneos 

2 mg/l  9 0,426667 0,0120601 X 

1 mg/l 9 0,436667 0,0120601 X 

3 mg/l 9 0,483333 0,0120601    X 

 

 

Anexo tabla 6-. Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

en la citoquinina. No hay diferencias entre las dos citoquininas utilizados puesto que el P-valor>0,05. 

Análisis de Varianza - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Citoquinina 0,0 1 0,0 0,00 1,0000 

 B:Principio activo 0,19155 3 0,06385 386,98 0,0000 

RESIDUOS 0,00313488 19 0,000164994   

TOTAL (CORREGIDO) 0,194685 23    

 

 

Anexo tabla 7-.Análisis estadístico mediante ANOVA, para determinar si existen diferencias entre las plantas 

elicitadas a la control. Hay diferencias entre las plantas tratadas y las no tratadas, el P-valor<0,05. 

Análisis de Varianza para peso seco - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 
EFECTOS PRINCIPALES      

 A:Tratamiento 0,386334 1 0,386334 184,65 0,0000 

 B:Parte planta 0,521265 1 0,521265 249,15 0,0000 

 C:Tiempo 0,141834 1 0,141834 67,79 0,0000 

INTERACCIONES      

 AB 0,0271354 1 0,0271354 12,97 0,0024 

 AC 0,000975375 1 0,000975375 0,47 0,5045 

 BC 0,164838 1 0,164838 78,79 0,0000 

 ABC 0,00413438 1 0,00413438 1,98 0,1789 

RESIDUOS 0,0334753 16 0,00209221   

TOTAL (CORREGIDO) 1,27999 23    

 

 



                                           Anexo de análisis estadístico 
 

 203

Anexo tabla 8-. Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

en la producción de planta elicitada. Existen diferencias entre los tratamientos y la parte de la planta 

analizada, el P-valor<0,05. 

Análisis de Varianza - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Tratamiento 2,42348 1 2,42348 17,94 0,0004 

 B:Parte planta 10,8502 1 10,8502 80,30 0,0000 

 C:Tiempo 0,921399 1 0,921399 6,82 0,0167 

RESIDUOS 2,70234 20 0,135117   

TOTAL (CORREGIDO) 16,8975 23    

 

Anexo tabla 9-. Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

en la producción de esteroles en plantas elicitadas. Existen diferencias en los niveles de fitosteroles entre 

las plantas elicitadas y las control, P-valor<0,05. 

A-.Análisis de Varianza para plantas elicitada esteroles total - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 
EFECTOS PRINCIPALES      
 A: tiempo 0,00346492 1 0,00346492 30,45 0,0000 

 B: parte 0,00755809 1 0,00755809 66,42 0,0000 

 C: tratamiento 0,03609 1 0,03609 317,14 0,0000 

INTERACCIONES      

 AB 0,0105624 1 0,0105624 92,82 0,0000 

 AC 0,0138695 1 0,0138695 121,88 0,0000 

 BC 0,0191051 1 0,0191051 167,89 0,0000 

 ABC 0,00784206 1 0,00784206 68,91 0,0000 

RESIDUOS 0,00182076 16 0,000113797   
TOTAL (CORREGIDO) 0,104145 23    
 
B1-.Pruebas de Múltiple Rangos para tiempo 

Método: 95,0 porcentaje Tukey HSD 

Tiempo Casos Media LS Sigma LS Grupos Homogéneos 
2ª semana 12 0,162942 0,00307947 X 
4ª semana 12 0,187345 0,00317424     X 
 

B2-.Pruebas de Múltiple Rangos para  parte 

Método: 95,0 porcentaje Tukey HSD 

Parte Casos Media LS Sigma LS Grupos Homogéneos 
Raíz 11 0,157122 0,00326627 X 
Hoja 13 0,193165 0,00298168    X 
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B3-.Pruebas de Múltiple Rangos para tratamiento 

Método: 95,0 porcentaje Tukey HSD 

Tratamiento Casos Media LS Sigma LS Grupos Homogéneos 
MeJa 12 0,135764 0,00307947 X 
control 12 0,214523 0,00317424     X 
 

Anexo tabla 10-. Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

en el control interno utilizado. No hay diferencias entre las diferentes concentraciones, P-valor>0,05. 

Análisis de Varianza para control interno - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:0,5  µl 171,6 4 42,9 1,47 0,2818 

 A: 1  µl 956,4 4 239,1 3,32 0,0564 

 A:1,5 µl 873,6 4 218,4 2,42 0,1176 

 

Anexo tabla 11-. Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

en la producción de centellósidos en el estudio de crecimiento de suspensiones celulares. Existen 

diferencias, P-valor<0,05. 

Análisis de Varianza para producción total - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Tiempo 0,0324044 6 0,00540073 88,86 0,0000 

RESIDUOS 0,000850903 14 0,0000607788   

TOTAL (CORREGIDO) 0,0332553 20    

 

Anexo tabla 12-. Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

entre los medios MS + 2,4D2 + BA0,1 y MS + ANA1 + BA1. No existen diferencias entre los dos medios, P-

valor>0,05. 

Análisis de Varianza para valores totales - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:ANA_24D 0,00387269 1 0,00387269 2,27 0,1412 

 B:Tiempo 0,469321 6 0,0782202 45,83 0,0000 

RESIDUOS 0,058027 34 0,00170668   

TOTAL (CORREGIDO) 0,531221 41    
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Anexo tabla 13-. Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

en el crecimiento celular de la línea control y tratadas con jasmonato de metilo, 0,1 mM. Hay diferencias 

entre las tratamientos, P-valor<0,05. 

Análisis de Varianza para valores_100 - Suma de Cuadrados Tipo III 
Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Tiempo 0,2229 3 0,0743 2,13 0,1361 

 B:Control / MeJa 0,1536 1 0,1536 4,41 0,0519 

INTERACCIONES      

 AB 0,4611 3 0,1537 4,41 0,0192 

RESIDUOS 0,557249 16 0,034828   

TOTAL (CORREGIDO) 1,39485 23    

 
 

Anexo tabla 14-. Análisis estadístico mediante ANOVA, para determinar si el MeJa a 0,1 mM provoca 

diferencias significativas en la producción de centellósidos. Hay diferencias entre tratamientos, P-

valor<0,05. 

a-. Análisis de Varianza para valores totales - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Control / MeJa 5,73304 1 5,73304 927,39 0,0000 

 B: Tiempo 3,94119 3 1,31373 212,51 0,0000 

INTERACCIONES      

 AB 1,67755 3 0,559184 90,45 0,0000 

RESIDUOS 0,0989107 16 0,00618192   

TOTAL (CORREGIDO) 11,4507 23    

 

b-. Pruebas de Múltiple Rangos para diferenciar entre compuestos en Control. 

Método: 95,0 porcentaje Tukey HSD 

compuesto Casos Media LS Sigma LS Grupos Homogéneos 

Asiaticósido 12 0,0537993 0,0037388 X 

Madecasósido 12 0,160487 0,0037388    X 

 

b-.Pruebas de Múltiple Rangos para diferencias entre compuestos en las elicitadas 

Método: 95,0 porcentaje Tukey HSD 

compuesto Casos Media LS Sigma LS Grupos Homogéneos 

Madecasósido 12 0,471777 0,0165318 X 

Asiaticósido 12 0,719745 0,0165318    X 
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Anexo tabla 15-. Análisis estadístico mediante ANOVA, para determinar si el MeJa a 0,1 mM provoca 

diferencias significativas en la producción de fitosteroles individuales. Hay diferencias entre tratamientos, 

P-valor<0,05. 

A1-.Análisis de Varianza para sitosterol - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Control / MeJa 13282,8 1 13282,8 298,88 0,0000 

 B: Tiempo 13135,8 3 4378,59 98,52 0,0000 

INTERACCIONES      

 AB 7393,99 3 2464,66 55,46 0,0000 

RESIDUOS 711,062 16 44,4414   

TOTAL (CORREGIDO) 34523,6 23    

 

A2-.Método: 95,0 porcentaje Tukey HSD 

Tratamiento Casos Media LS Sigma LS Grupos Homogéneos 

MeJa 12 50,8728 1,92443 X 

Control 12 97,9238 1,92443    X 

 

B1-.Análisis de Varianza para estigmasterol + campesterol - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Tiempo 25511,1 3 8503,71 78,61 0,0000 

 B: Control / MeJa 2038,05 1 2038,05 18,84 0,0005 

INTERACCIONES      

 AB 2824,43 3 941,478 8,70 0,0012 

RESIDUOS 1730,86 16 108,179   

TOTAL (CORREGIDO) 32104,5 23    

 

B2-.Pruebas de Múltiple Rangos para estigmas estigmasterol + campesterol 

Método: 95,0 porcentaje Tukey HSD 

Tratamiento Casos Media LS Sigma LS Grupos Homogéneos 

Control 12 115,834 3,00248 X 

MeJa 12 134,265 3,00248    X 
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Anexo tabla 16-. Análisis estadístico mediante ANOVA, para determinar si el MeJa a 0,1 mM provoca 

diferencias en la producción de fitosteroles totales. Hay diferencias entre tratamientos, P-valor<0,05. 

Análisis de Varianza para totales fitosteroles - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Control / MeJa 4635,86 1 4635,86 57,01 0,0000 

 B: Tiempo 11522,9 3 3840,97 47,23 0,0000 

INTERACCIONES      

 AB 14804,7 3 4934,89 60,68 0,0000 

RESIDUOS 1301,12 16 81,3202   

TOTAL (CORREGIDO) 32264,6 23    

 
 

Anexo tabla 17-. Análisis estadístico mediante ANOVA, para determinar si presenta diferencia significativa la 

expresión de la escualeno sintasa a una concentración de 0.1 mM. Existen diferencias entre los 

tratamientos, P-valor<0,05. 

a-.Análisis de Varianza para la escualeno sintasa - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Control / MeJa 3,12769E9 1 3,12769E9 58,46 0,0000 

 B: Tiempo 1,26873E11 9 1,4097E10 263,51 0,0000 

INTERACCIONES      

 AB 3,55784E10 9 3,95316E9 73,89 0,0000 

RESIDUOS 2,13991E9 40 5,34977E7   

TOTAL (CORREGIDO) 1,67719E11 59    
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b-.Pruebas de Múltiple Rangos para la escualeno sintasa 

Método: 95,0 porcentaje Tukey HSD 

temps100 Casos Media LS Sigma LS Grupos Homogéneos 

2h 6 33616,3 11326,7 X 

20h 6 34240,1 11326,7 X 

4h 6 38882,3 11326,7 X 

1h 6 41712,5 11326,7 X 

8h 6 44629,4 11326,7 X 

30d 6 50794,9 11326,7 X 

25d 6 76543,4 11326,7 X 

48h 6 134343, 11326,7    X 

15d 6 143090, 11326,7    X 

20d 6 150437, 11326,7    X 

 

 

Anexo tabla 18-. Análisis estadístico mediante ANOVA, para determinar si presenta diferencia significativa la 

expresión de la α-amirina sintasa a una concentración de 0,1 mM. Existen diferencias entre los tratamientos, 

P-valor<0,05. 

a-.Análisis de Varianza para la α-amirina sintasa - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Control / MeJa 2,86897E9 1 2,86897E9 151,82 0,0000 

 B: Tiempo 1,92134E10 9 2,13482E9 112,97 0,0000 

INTERACCIONES      

 AB 1,62605E10 9 1,80672E9 95,61 0,0000 

RESIDUOS 7,55863E8 40 1,88966E7   

TOTAL (CORREGIDO) 3,90987E10 59    

 

b-.Pruebas de Múltiple Rangos para α-amirina sintasa 

Método: 95,0 porcentaje Tukey HSD 

Expresión α-amirina sintasa Casos Media LS Sigma LS Grupos Homogéneos 

Control 30 41184,4 793,653 X 

MeJa 30 55014,2 793,653    X 
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Anexo tabla 19-. Análisis estadístico mediante ANOVA, para determinar si presenta diferencia significativa la 

expresión de la cicloartenol sintasa a una concentración de 0,1 mM. Existen diferencias entre los 

tratamientos, P-valor<0,05. 

a-.Análisis de Varianza para la cicloartenol sintasa - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Tiempo 3,734E9 9 4,14888E8 27,48 0,0000 

 B:Tratamiento 3,9898E9 1 3,9898E9 264,27 0,0000 

INTERACCIONES      

 AB 3,56117E9 9 3,95686E8 26,21 0,0000 

RESIDUOS 6,03894E8 40 1,50974E7   

TOTAL (CORREGIDO) 1,18889E10 59    

 

b-.Pruebas de Múltiple Rangos para cicloartenol sintasa 

Método: 95,0 porcentaje Tukey HSD 

Expresión cicloartenol sintasa Casos Media LS Sigma LS Grupos Homogéneos 

MeJa 30 38745,0 709,398 X 

Control 30 55054,1 709,398    X 

 

 

Anexo tabla 20-. Análisis estadístico mediante ANOVA, para determinar si existen diferencias significativas 

en el crecimiento celular de la línea control y tratadas con jasmonato de metilo, 0,2 mM. Hay diferencias 

entre las tratamientos, P-valor<0,05. 

Análisis de Varianza para crecimiento - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Tiempo 2,92177 3 0,973924 18,85 0,0000 

 B: Control / MeJa 1,01846 1 1,01846 19,71 0,0003 

RESIDUOS 0,981815 19 0,0516745   

TOTAL (CORREGIDO) 4,92205 23    
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Anexo tabla 21-. Análisis estadístico mediante ANOVA, para determinar si la viabilidad celular presenta 

diferencias significativas entre 0,1 mM, 0,2 mM y el control. Existen diferencias entre los tratamientos, P-

valor<0,05. 

Análisis de Varianza - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Tiempo 12558,2 7 1794,03 45,53 0,0000 

 B: Control / MeJa 761,79 2 380,895 9,67 0,0003 

INTERACCIONES      

 AB 1413,81 14 100,986 2,56 0,0079 

RESIDUOS 1891,36 48 39,4033   

TOTAL (CORREGIDO) 16625,1 71    

 

 

Anexo tabla 22-. Análisis estadístico mediante ANOVA, para determinar si el MeJa a 0,2 mM provoca 

diferencias significativas en la producción de centellósidos. Hay diferencias entre tratamientos, P-

valor<0,05. 

a-.Análisis de Varianza para producción - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Control / MeJa 0,00178113 1 0,00178113 95,07 0,0000 

 B: Tiempo 0,00528568 3 0,00176189 94,04 0,0000 

INTERACCIONES      

 AB 0,0057719 3 0,00192397 102,69 0,0000 

RESIDUOS 0,000299758 16 0,0000187349   

TOTAL (CORREGIDO) 0,0131385 23    

 

 

Anexo tabla 23-. Análisis estadístico mediante ANOVA, para determinar si el MeJa a 0,2 mM provoca 

diferencias significativas en la producción de esteroles totales. Hay diferencias entre tratamientos. 

Análisis de Varianza para fitosteroles totales - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Control / MeJa 11997,5 1 11997,5 36,73 0,0000 

 B: Tiempo 27856,9 3 9285,64 28,43 0,0000 

INTERACCIONES      

 AB 13998,6 3 4666,2 14,29 0,0001 

RESIDUOS 5226,06 16 326,629   

TOTAL (CORREGIDO) 59079,0 23    
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Anexo tabla 24-. Análisis estadístico mediante ANOVA, para determinar si el MeJa a 0,2 mM provoca 

diferencias significativas en la producción de esteroles individuales. Hay diferencias entre tratamientos, P-

valor<0,05. 

A1-.Análisis de Varianza para sitosterol- Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Control / MeJa 25157,8 1 25157,8 371,99 0,0000 

 B: Tiempo 19538,4 3 6512,79 96,30 0,0000 

INTERACCIONES      

 AB 6786,02 3 2262,01 33,45 0,0000 

RESIDUOS 1082,09 16 67,6306   

TOTAL (CORREGIDO) 52564,3 23    

 

A2-.Pruebas de Múltiple Rangos para sitosterol 

Método: 95,0 porcentaje Tukey HSD 

Tratamiento Casos Media LS Sigma LS Grupos Homogéneos 

MeJa 12 59,3959 2,374 X 

Control 12 124,149 2,374    X 

 

B1-. Análisis de Varianza para estigmasterol + campestesterol - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Control / MeJa 2408,96 1 2408,96 21,24 0,0003 

 B: Tiempo 21122,7 3 7040,9 62,08 0,0000 

INTERACCIONES      

 AB 1690,77 3 563,591 4,97 0,0126 

RESIDUOS 1814,73 16 113,421   

TOTAL (CORREGIDO) 27037,2 23    

 

B2-.Pruebas de Múltiple Rangos para estigmasterol + campestesterol 

Método: 95,0 porcentaje Tukey HSD 

Tratamiento Casos Media LS Sigma LS Grupos Homogéneos 

Control 12 119,098 3,07436 X 

MeJa 12 139,135 3,07436    X 
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Anexo tabla 25-. Análisis estadístico mediante ANOVA, para determinar si presenta diferencia significativa la 

expresión de la escualeno sintasa a una concentración de 0,2 mM. Existen diferencias entre los 

tratamientos, P-valor<0,05. 

Análisis de Varianza la escualeno sintasa - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Tiempo 2,05706E10 8 2,57132E9 74,43 0,0000 

 B:Control / MeJa 1,45117E9 1 1,45117E9 42,01 0,0000 

RESIDUOS 1,51997E9 44 3,45448E7   

TOTAL (CORREGIDO) 2,35417E10 53    

 

 

Anexo tabla 26-. Análisis estadístico mediante ANOVA, para determinar si presenta diferencia significativa la 

expresión de la α-amirina sintasa a una concentración de 0,2 mM. Existen diferencias entre los tratamientos, 

P-valor<0,05. 

a-.Análisis de Varianza para α-amirina sintasa - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Tiempo 2,37289E10 8 2,96611E9 195,14 0,0000 

 B:Control / MeJa 2,30662E8 1 2,30662E8 15,17 0,0004 

INTERACCIONES      

 AB 6,20577E9 8 7,75721E8 51,03 0,0000 

RESIDUOS 5,47205E8 36 1,52001E7   

TOTAL (CORREGIDO) 3,07125E10 53    

 

b-.Pruebas de Múltiple Rangos para α-amirina sintasa 

Método: 95,0 porcentaje Tukey HSD 

Expresión α-amirina sintasa Casos Media LS Sigma LS Grupos Homogéneos 

MeJa 27 40552,5 750,312 X 

Control 27 44686,1 750,312   X 
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Anexo tabla 27-. Análisis estadístico mediante ANOVA, para determinar si presenta diferencia significativa la 

expresión de la cicloartenol sintasa a una concentración de 0,2 mM. Existen diferencias entre los 

tratamientos, P-valor<0,05. 

a-.Análisis de Varianza para cicloartenol sintasa - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Tiempo 6,67434E10 8 8,34293E9 115,44 0,0000 

 B:Control / MeJa 7,00325E10 1 7,00325E10 969,05 0,0000 

INTERACCIONES      

 AB 3,05788E10 8 3,82235E9 52,89 0,0000 

RESIDUOS 2,60169E9 36 7,2269E7   

TOTAL (CORREGIDO) 1,69956E11 53    

 

b-.Pruebas de Múltiple Rangos para cicloartenol sintasa 

Método: 95,0 porcentaje Tukey HSD 

Expresión cicloartenol sintasa Casos Media LS Sigma LS Grupos Homogéneos 

MeJa 27 54502,0 1636,04 X 

Control 27 126527, 1636,04    X 

 

 

Anexo tabla 28-. Análisis estadístico mediante ANOVA, para determinar si existen diferencia significativa 

entre las concentraciones de DMSO. Existen diferencias entre los tratamientos, P-valor<0,05. 

a-.Análisis de Varianza para DMSO_valores - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Tiempo 908,755 5 181,751 5,97 0,0002 

 B:Concentraciones DMSO 3179,23 3 1059,74 34,83 0,0000 

INTERACCIONES      

 AB 980,255 15 65,3503 2,15 0,0231 

RESIDUOS 1460,28 48 30,4225   

TOTAL (CORREGIDO) 6528,52 71    

b-.Pruebas de Múltiple Rangos para DMSO_valores por porcentaje 

Método: 95,0 porcentaje Tukey HSD 

porcentaje Casos Media LS Sigma LS Grupos Homogéneos 

2,50% 18 59,3833 1,30005 X 

1,25% 18 64,7667 1,30005    X 

0,63% 18 74,3333 1,30005       X 

C 18 75,25 1,30005       X 
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c-.Análisis de Varianza para control / 0.65% - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Tiempo 852,703 5 170,541 4,74 0,0037 

 B:Control / 0.65% 7,5625 1 7,5625 0,21 0,6508 

INTERACCIONES      

 AB 165,463 5 33,0925 0,92 0,4852 

RESIDUOS 863,583 24 35,9826   

TOTAL (CORREGIDO) 1889,31 35    

 

 

Anexo tabla 29-. Análisis estadístico mediante ANOVA, para determinar si existen diferencia significativa 

entre las diferentes biotransformaciones. Existen diferencias entre los tratamientos, P-valor<0,05. 

a-.Análisis de Varianza para biotransformaciones - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A: Compuesto 1,58346 3 0,527818 60,85 0,0000 

 B: Tratamiento 21,2579 3 7,08597 816,95 0,0000 

INTERACCIONES      

 AB 2,97634 9 0,330704 38,13 0,0000 

RESIDUOS 0,277556 32 0,00867364   

TOTAL (CORREGIDO) 26,0952 47    

 

b-. Pruebas de Múltiple Rangos para biotransformaciones 

Método: 95,0 porcentaje Tukey HSD 

Tratamiento Casos Media LS Sigma LS Grupos Homogéneos 

Control 12 0,330434 0,026885 X 

Acetona 12 0,433291 0,026885 X 

Acetona + DMSO 12 0,845251 0,026885    X 

Amirina + DMSO 12 2,0074 0,026885       X 
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Anexo tabla 30-. Análisis estadístico mediante ANOVA, para determinar si existen diferencia significativa 

entre las diferentes biotransformaciones mediadas por la ββββ-ciclodextrina. Existen diferencias entre los 

tratamientos, P-valor<0,05. 

a-.Análisis de Varianza para total - Suma de Cuadrados Tipo III 

Fuente Suma de Cuadrados Gl Cuadrado Medio Razón-F Valor-P 

EFECTOS PRINCIPALES      

 A:Tratamiento 1,0352 3 0,345068 18,75 0,0006 

RESIDUOS 0,147191 8 0,0183989   

TOTAL (CORREGIDO) 1,18239 11    

 

b-. Pruebas de Múltiple Rangos para total por tratamiento 

Método: 95,0 porcentaje LSD 

Tratamiento Casos Media LS Sigma LS Grupos Homogéneos 

Control 3 1,32174 0,0783132 X 

Ciclodextrina + acet 3 1,501 0,0783132 XX 

Ciclodextrina 3 1,75285 0,0783132    X 

Amirina + ciclodextr 3 2,104 0,0783132      X 
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ABSTRACT: The identification of the four principal triterpenoid components of Centella asiatica has been achieved by TLC on
silica gel plates and mass spectrometry, as a modification of the method described in the European Pharmacopoeia (5th edn). A
combination of ethyl acetate and methanol as the mobile phase was found to be successful in separating these compounds from
the rest of the main components of the extract. The spots were detected with anisaldehyde solution. The separated compounds
were confirmed by MALDI -TOF mass spectrometry. Copyright © 2005 John Wiley & Sons, Ltd.

KEYWORDS: Centella asiatica; triterpenes; normal-phase TLC; mass spectrometry

INTRODUCTION

Asiatic acid, madecassic acid, asiaticoside and made-
cassoside are the principle terpenoids with an ursane
skeleton found in Centella asiatica (L) Urb. (Apiaceae),
a plant which has traditionally been used as an anti-
pyretic, diuretic and treatment for skin inflammations.

Several studies have identified the triterpenoid
compounds of Centella asiatica using TLC coupled to
high-speed counter-courrent chromatography (Diallo
et al., 1991; Du et al., 2004).

A preliminary approach to the identification of these
compounds by TLC can be found in the European

Pharmacopoeia (2005) using drug powder as the start-
ing material. However, this method was limited to
pharmaceutical preparations, as other types of extracts
(plant extracts, calli extracts) contain substances that
interfere with the resolution of these compounds.

In order to improve the resolution of centellosides
from different kinds of extracts using normal-phase
TLC on silica gel plates, we have developed a specific
TLC protocol with a modified elution solution. The
compounds can be identified using anisaldehyde solu-
tion to locate the bands, but if they are recovered on
the plate without using this solution, it is possible to
carry out an identification using mass spectrometry.

Moreover, this protocol can be used as a method to
prepare samples for separation by HPLC.

EXPERIMENTAL

Materials. Asiatic acid, madecassic acid, asiaticoside and
madecassoside were obtained from ChromaDex Inc. The
plant material was obtained from Plameca, S. A. (Hospitalet
de Llobregat, Barcelona, Spain) and calli came from our
Centella in vitro cultures. Centella powder (Blastoestimulina)
was a pharmaceutical preparation from Almirall Prodesfarma
(Barcelona, Spain) containing Centella extract. All other
chemicals and solvents were of analytical or chromatographic
grade.

Sample preparation. The stock standard solutions of the
four compounds were prepared (10 mg/mL of each) in
methanol. These stock solutions were diluted to obtain solu-
tions of 2 mg/mL.

For extraction, 1 g of pharmaceutical powder was sonicated
in methanol–water (9:1, v/v; 2 × 25 mL) for 2 h at ambient
temperature and filtered through a 0.45 µm filter (Waters
Millipore). The filtrate was evaporated to dryness. The dried
extract was disolved in 1 mL of methanol and filtered through
a 0.45 µm filter (Waters Millipore) and the clear filtrate was
used for TLC analysis (Inamdar et al., 1996).

For plant and calli extraction, 1 g of fine powder was first
sonicated in 10 mL ethyl acetate for 2 h at ambient tempera-
ture and filtered through a 0.22 µm filter (Waters Millipore).
The filtrate was evaporated to dryness and redissoled in 1 mL
of ethyl acetate for TLC analysis. The plant and callus pow-
der was collected, dried and sonicated in methanol–water
(9:1) followed by the procedure described above for pharma-
ceutical powder.
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Facultad de Farmacia, Universidad de Barcelona, Avda. Diagonal
643, E-08028 Barcelona, Spain.
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Chromatographic studies. The separation was carried out at
room temperature. The four centellosides were dissolved in
methanol at a concentration of 2 mg/mL and 4 µL of this
solution were applied to the plate with adapted Pasteur
pipettes and dried. Samples of 100 µL from plant extract,
callus extract and pharmaceutical preparation were applied to
the plate as above. TLC separations were performed on 10 ×
10 cm silica gel 60 F254-covered plates with concentrating
zone of 10 × 2.5 cm (Merck, Darmstadt, Germany) without a
fluorescent indicator. The solvent used was ethyl acetate–
methanol (60:40, v/v). Chromatograms were run in small glass
tanks lined with chromatography paper equilibrated with the
running solvent. The developed plates were dried at room
temperature and centellosides were identified on TLC plates
sprayed with anisaldehyde solution, heated at 100–105°C and
visualized under daylight.

MS identification. Some developed TLC bands were only
revealed by spraying the part corresponding to the standards
but not the part corresponding to the samples. The bands cor-
responding to the samples were scraped off and the powder
was diluted in 1 mL methanol, filtered through a 0.45 µm
filter (Waters Millipore) and the filtrate was taken to dryness
and used for MALDI-TOF identification. MALDI-TOF
MS was done in positive ionization mode using Applied
Biosystems Voyager-DE RP apparatus. The absorbing matrix
compound used was α-cyano-4-hydroxycinnamic acid.

RESULTS

Using the TLC identification method from the
European Pharmacopoeia (2005), the separation of the
centellosides from our plant and callus extracts was
not achieved due to a large amount of compounds that
interfered particularly with asiaticoside and madecasso-
side in the lower half of the plate, near the origin. This

Figure 1. Photograph of chromatograms showing resolution of centellosides, (A) from callus extracts, (B)
from plant extracts. Lane 1: madecassoside; lane 2: asiatic acid; lane 3: asiaticoside; lane 4: hexane extract;
lane 5: ethyl acetate extract; lane 6: methanol extract. Development time, 40 min; temperature, 19 ± 2°C;
detection, anisaldehyde solution.

problem was resolved by testing different solvents that
permit separation of these two trisacharides from the
interfering compounds, at the same time maintaining
good resolution of the acids (asiatic acid, madecassic
acid). It was also necessary to clean the samples by
washing with ethyl acetate before the extraction with
methanol–water (9:1, v/v). We also tried cleaning the
samples with hexane, which removed a high amount of
asiatic acid and madecassic acid; however, we decided
to use only ethyl acetate. In relation to the pharmaceu-
tical preparation, it was not necessary to pre-clean the
sample with ethyl acetate.

The solvent chosen for the plate development was
ethyl acetate–methanol (60:40, v/v). Figure 1(A) shows
the photograph of a chromatogram with three stand-
ards and the three types of callus extracts (hexane,
ethyl acetate and methanol) and Fig. 1(B) shows
the same with the plant extracts. The Rf values for the
identified centellosides are shown in Table 1. The
results are averages of at least five identical runs.

To further confirm the identification of the four
centellosides obtained by TLC, MALDI-TOF mass
spectrometry was carried out, and gave mass ions
[M + Na]+ at m/z 997.6, 981.6, 527.4 511.3 for

Table 1. The Rf values of centellosides on plates developed
with 60% ethyl acetate–40% methanol

Compound R f from mixture

Madecassoside 0.35
Asiaticoside 0.37
Madecassic acid 0.88
Asiatic acid 0.90
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madecassoside, asiaticoside, madecassic acid and asiatic
acid, respectively.

Moreover, this method can be used to prepare
samples for HPLC analysis. For each HPLC analysis,
the fringes on the TLC plate corresponding to the four
compounds were cut and eluted with methanol. The
solutions were filtered and concentrated. In the case of
the plant extract, the ethyl acetate solution (see Experi-
mental section) contained significant amounts of asiatic
acid and madecassic acid, and for this reason the zone
corresponding to these compounds on the plate was
also recovered for a later analysis by HPLC (data not
shown). Each of the solutions contained the four
centellosides without the interfering compounds.

DISCUSSION

The aim of this work is to offer an alternative TLC
method for the identification of asiatic acid, madecassic
acid, asiaticoside and madecassoside, which can be
particularly useful in the case of extracts that can give
problems in the resolution of glycosidic saponines.

In addition to the separation of the standards, we
have assayed three different kinds of extracts and the

resolution of the four centellosides in each one was
good enough to be used in a later HPLC analysis.

Acknowledgements

We thank Serveis Cientificotècnics from the Universitat
de Barcelona for their support. This research was
supported by two grants from the Spanish MEC
(BIO2002-03614; BIO2002-02328). L. Osuna is grateful
for her research grant (PIV) from the Generalitat de
Catalunya.

REFERENCES

Diallo B, Vanhaelenfastre R and Vanhaelen M. Direct coupling
of high-speed countercurrent chromatography to thin-layer chro-
matography—application to the separation of asiaticoside and
madecassoside from Centella asiatica. Journal of Chromatography
1991; 558: 446.

Du Q, Jerz G, Chen P and Winterhalter P. Preparation of ursane
triterpenoids from Centella asiatica using high speed countercurrent
chromatography with step-gradient elution. Journal of Liquid
Chromatography and Related Technologies 2004; 27: 2201.

European Pharmacopoeia (5th edn), Vol. 2. Council of Europe:
Strasbourg, 2005; 1236.

Inamdar PK, Yeole RD, Ghogare AB and de Souza NJ. Determina-
tion of biologically active constituents in Centella asiatica. Journal
of Chromatography A 1996; 742: 127.



The effect of methyl jasmonate on triterpene and sterol metabolisms of
Centella asiatica, Ruscus aculeatus and Galphimia glauca cultured plants
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Abstract

Considering that exogenously applied methyl jasmonate can enhance secondary metabolite production in a variety of plant species
and that 2,3-oxidosqualene is a common precursor of triterpenes and sterols in plants, we have studied Centella asiatica and Galphimia

glauca (both synthesizing triterpenoid secondary compounds) and Ruscus aculeatus (which synthesizes steroidal secondary compounds)
for their growth rate and content of free sterols and respective secondary compounds, after culturing with or without 100 lM methyl
jasmonate. Our results show that elicited plantlets of G. glauca and to a higher degree C. asiatica (up to 152-times more) increased their
content of triterpenoids directly synthesized from 2,3-oxidosqualene (ursane saponins and nor-seco-friedelane galphimines, respectively)
at the same time as growth decreased. In contrast, the free sterol content of C. asiatica decreased notably, and remained practically unal-
tered in G. glauca. However, in the case of R. aculeatus, which synthesizes steroidal saponins (mainly spirostane type) indirectly from 2,3-
oxidosqualene after the latter is converted to the plant phytosterol-precursor cycloartenol, while the growth rate and free sterol content
clearly decreased, the spirostane saponine content was virtually unchanged (aerial part) or somewhat lower (roots) in presence of the
same elicitor concentration. Our results suggest that while methyl jasmonate may be used as an inducer of enzymes involved in the tri-
terpenoid synthesis downstream from 2,3-oxidosqualene in both C. asiatica and G. glauca plantlets, in those of C. asiatica and R. acule-

atus it inhibited the enzymes involved in sterol synthesis downstream from cycloartenol.
Ó 2006 Elsevier Ltd. All rights reserved.

Keywords: Centella asiatica; Ruscus aculeatus; Galphimia glauca; Elicitation; Triterpenes; Ursane saponins; Spirostane saponins; Galphimine-B; Phyto-

sterols

1. Introduction

Perhaps one of the most diverse groups of plant second-
ary metabolites are terpenoids, which are also found in
microorganisms and animals. Included in this group are
the triterpenes (C30) and sterols (C18–C29), whose structur-
ally diverse molecules proceed from a common precursor,
the squalene. Metabolic pathways originating from squa-
lene form an extensive net of compounds with defined
branching points that diversify the end products, including

compounds with primary roles in membrane architecture
(sterols such as sitosterol, stigmasterol and campesterol)
as well as a variety of secondary metabolites specific to
each plant species (Grunwald, 1980; Seigler, 1998).

Centella asiatica (L.) Urban is a herbaceous plant with
great medicinal value belonging to the Apiaceae family.
Notable bioactive compounds of C. asiatica are the triter-
pene saponins madecassoside and asiaticoside, with their
respective ursane type sapogenins madecassic and asiatic
acid. As shown in Fig. 1, these compounds, referred to as
centellosides, proceed from the cyclisation of 2,3-oxido-
squalene by a specific oxidosqualene cyclase (OSC), b-amy-
rin synthase.

0031-9422/$ - see front matter Ó 2006 Elsevier Ltd. All rights reserved.
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Ruscus aculeatus L. (butcher’s broom) of the Liliaceae
family is a small evergreen shrub whose active components
are steroidal saponins. Most of these are of the spirostane
type, including the aglycones neoruscogenin and ruscoge-
nin. Like triterpene saponins in C. asiatica, these
compounds proceed from the cyclisation of 2,3-oxidosqua-
lene, but their pathways differ in that steroidal saponins are
formed via cycloartenol, a precursor they share with phy-
tosterols (Fig. 1). Despite the interest of this medicinal
plant, no studies on the biosynthesis of its active principles
have been carried out until now.

Galphimia glauca Kav (Malpighiaceae) is a small ever-
green tropical shrub extending from Mexico to Guatemala
in Central America. Its main active component is galphi-
mine-B, a nor-seco-triterpene of the friedelane type, with
sedative and spasmolytic activities. Although the complete
galphimine-B biosynthesis is not known, Corsino et al.
(2000) have reported that the key branching point in the
pathway to friedelane terpenoids is the cyclisation of
2,3-oxidosqualene by OSC. Similar to the biosynthesis of
C. asiatica triterpenoids (Fig. 1), and differing from that
of R. aculeatus steroidal saponins, the route to friedelanes
is not through cycloartenol. Corsino et al. (2000) have
observed that the conversion of 2,3-oxidosqualene to frie-
delin takes place in the leaves of Maytenus aquifolium

and Salacia campestris, in the same way that galphimine-
B is biosynthesised in the aerial parts of G. glauca (Lara-
Ochoa et al., 2005).

Generally, when plant cells perceive environmental
changes via specific receptors or perception mechanisms,
they generate biological responses through specific signal
transduction. Jasmonic acid and its methyl ester (methyl
jasmonate, MeJA) have been reported to play an important
role in a signal transduction process that regulates defense

genes in plants (Farmer and Ryan, 1990). However,
although exogenously applied MeJA is widely used in plant
cell cultures to activate secondary metabolism, there are
surprisingly few studies about its impact on plant growth,
considering that jasmonates have a variety of biological
activities, including inhibition of seed and pollen germina-
tion (Feys et al., 1994;McConn and Browse, 1996) or inhibi-
tion of root growth and photosynthetic apparatus (Staswick
et al., 1992; Reinbothe et al., 1993a,b; Rossato et al., 2002).

Recently, Kim et al. (2004) have studied the accumula-
tion of asiaticoside in whole plant cultures of C. asiatica,
reporting an enhancement of its production by MeJA
treatment. However, no elicitation studies with MeJA have
been done with whole R. aculeatus and G. glauca plants,
although it is of interest that Osuna et al. (1999) observed
a higher production of galphimine-B in G. glauca calli after
increasing the concentration of 2,4-dichlorophenoxyacetic
acid (2,4-D) in the culture medium.

With respect to sterol metabolism it is known that the
amount of sterols is generally constant among plant species
(Benveniste, 2004). Triterpene and sterol biosynthesis
begins with the conversion of farnesyl diphosphate into
squalene (2,3-oxidosqualene), which determines the
channelling of the isoprenoid pathway into the branches
that produce phytosterols (Fig. 1). The sterol pathway
involves a sequence of more than 30 enzyme-catalyzed
reactions, all of which are membrane linked. Nothing is
known about the catabolism of plant sterols. Upregulation
of 3-hydroxy-3-methylglutaryl CoA reductase (HMGR) in
transgenic tobacco, corn and tomatoes results in the accu-
mulation of only cycloartenol, rather than sterols. Potential
strategies for sterol production are, however, likely to focus
on overexpression of terminal enzymes in the pathway
(Hartmann, 1998).
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In this study we show that the production of potentially
downstream 2,3-oxidosqualene compounds, such as sterols
with a primary role and pharmacologically active triterpe-
noids and steroids, can be affected in the aerial part and
roots of C. asiatica, R. aculeatus and G. glauca plantlets
by the addition of 100 lM methyl jasmonate to the culture
medium.

2. Results and discussion

2.1. Characterization of cultured plants

As shown in Table 1, in all cases the growth capacity of
the treated plantlets declined in comparison with the con-
trols. In the case of Ruscus, the reduction of growth mainly
affected the roots. After 2 weeks of MeJA treatment, the
fresh weight of elicited roots was 20% lower than those
of the control, and after 4 weeks the reduction of root
growth was more than 50%, due to a total inhibition of
root growth during weeks 2–4. Furthermore, these roots
also showed abnormal morphology traits, such as necrosis
of the root apex (Fig. 2).

C. asiatica plantlets treated with MeJA also showed a
considerable reduction of growth (Table 1), with the fresh
weight of aerial parts reduced by over 50% and a decline
in root growth of more than 70%. As in the Ruscus cul-
tures, root growth was completely blocked during weeks
2–4. In addition, the elicited Centella plantlets showed
necrosis symptoms in leaves and roots at the end of the cul-
ture period (Fig. 2).

The inhibitory effect of MeJA on the development of
cultured G. glauca plantlets (compared to controls) was
even more evident than in Centella and Ruscus cultures.
After 2 weeks of culture, treated Galphimia plantlets not
only showed a drastic reduction of growth (Table 1), but
also accelerated symptoms of senescence and necrosis
(Fig. 2), mainly in the roots, which led to the plants’ death
before the end of the culture period (4 weeks).

The effect of MeJA or of any elicitor (biotic or abiotic) is
dependent on a number of factors which may interact.
These include the elicitor’s specificity and concentration,
the duration of treatment and the growth stage of the cul-
ture (Holden et al., 1988). Researchers have frequently used
MeJA at a concentration of 100 lM to increase secondary
metabolism in in vitro cultures (Ketchum et al., 1999;
Cusidó et al., 2002; Palazón et al., 2003; Kim et al., 2004),
with the plant cells or organs coming into direct contact
with the elicitor. In contrast, in our plant cultures only the
roots were directly exposed to MeJA, which was probably
why its effects on root development were more pronounced.
In this context, it is worth noting that jasmonates inhibit the
growth of seedlings, roots and cell division. As Koda et al.
(1996) have reported, growth inhibition by MeJA appears
to be caused mainly by the disruption of cortical microtu-
bules, a phenomenon ubiquitous in plants.

2.2. Effects of the elicitor on specific secondary compound

content

In C. asiatica the levels of the main active compounds,
the triterpene saponins madecassoside and asiaticoside

Table 1

Effect of methyl jasmonate on plant growth measured as fresh (FW) and dry weight (DW) after 2 or 4 weeks of treatment

Growth Week Control Elicited

AP Roots AP Roots

Ruscus aculeatus

FW 2 1.257 ± 0.093 4.818 ± 0.136 1.032 ± 0.098 4.231 ± 0.237

4 1.915 ± 0.108 6.702 ± 0.288 1.448 ± 0.124 3.271 ± 0.338

DW 2 0.347 ± 0.013 0.735 ± 0.088 0.248 ± 0.023 0.595 ± 0.011

4 0.435 ± 0.049 0.953 ± 0.078 0.357 ± 0.021 0.516 ± 0.057

Centella asiatica

FW 2 4.506 ± 0.109 5.695 ± 0.366 3.391 ± 0.428 2.514 ± 0.398

4 8.083 ± 0.437 7.116 ± 0.387 5.198 ± 0.511 2.381 ± 0.255

DW 2 0.612 ± 0.067 0.524 ± 0.044 0.412 ± 0.038 0.242 ± 0.022

4 0.918 ± 0.088 0.551 ± 0.029 0.745 ± 0.066 0.191 ± 0.041

Growth Week Control Elicited

WP WP

Galphimia glauca

FW 2 0.277 ± 0.022 0.167 ± 0.024

4 nd nd

DW 2 0.057 ± 0.010 0.029 ± 0.011

4 nd nd

Each value is the mean of 8–10 determinations ± SE.

AP, aerial part; WP, whole plant.
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and their respective ursane sapogenins madecassic and asi-
atic acid, were determined in the aerial part and roots of
both control and elicited plantlets after two and four weeks
of culture. As shown in Fig. 3, in the aerial part of
untreated plantlets the main compound was found to be
asiaticoside followed by madecassoside and then asiatic

acid and madecassic acid, while in the roots the asiaticoside
content was very similar to or lower than that of madecas-
soside. The triterpene saponin content was always signifi-
cantly (p < 0.001; t-test) higher in the aerial part than in
the roots of plantlets, especially at 2 weeks of culture.
The triterpenoid pattern in Centella differs according to

Fig. 2. Effects of methyl jasmonate on developing plantlets of R. aculeatus (up) and C. asiatica (center) and G. glauca (down). (A) Control plant, (B)

elicited plant.
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the species and culture region (Rouillard-Guellec et al.,
1997), but a survey of the bibliography shows both asiati-
coside and madecassoside as the predominant compounds
in whole plants, although very little is known about their
content in roots. As shown in Fig. 4, in our Centella cul-
tures a similar centelloside pattern was found in the aerial
part and roots of plants. This pattern was not changed by
elicitor treatment and in all samples the ratios of the differ-

ent centellosides were asiaticoside > madecassoside > asi-
atic acid > madecassic acid.

Compared to the controls, the content of triterpene sap-
onins and ursane sapogenins in elicited C. asiatica plantlets
increased only slightly in the aerial part at week 2 and
increased significantly (p < 0.001) in both the aerial part
and roots at week 4. At the end of the culture period, as
can be deduced from the values in Fig. 3, the level of
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madecassoside, asiaticoside, madecassic acid and asiatic
acid in the aerial part was 2–3-fold higher, and 4–6-fold
higher in the roots. These data suggest that the longer
the elicitor was in contact with the roots, the greater the
increase in all these triterpenoid compounds in both the
aerial part and roots of cultured plantlets. The relatively
high asiaticoside content in our elicited roots differs from
previous observations that have suggested its production
in C. asiatica is tissue-specific, with synthesis occurring
mainly in the leaves (9.56 mg/g DW) and very little in the
roots (0.17 mg/g DW) of whole plants cultured in presence
of MeJA 100 lM (Kim et al., 2004). This difference is prob-
ably due to the fact that in our study only the roots were in
contact with the elicitor.

In contrast, the production of steroidal saponins rusc-
ogenin and neoruscogenin in the aerial part and roots of
elicited R. aculeatus plantlets (Fig. 3) after 2 and 4 weeks
was similar have any specific effect on the different meta-
bolic steps of the biosynthesis of both these steroidal sap-
onins in our Ruscus cultures. MeJA concentrations higher
than 100 lM produced several symptoms of necrosation
in the roots and the cultured plantlets died before the
end of the experiment (data not shown). Considering
the lack of previous studies on the biosynthesis of these
active compounds at the level of the whole plant, it was
interesting to find that neoruscogenin was the main steroi-
dal saponin to accumulate in both aerial parts and roots
of the R. aculeatus plantlets. The only exception to this
general observation was at week 2, when the aerial parts
showed similar amounts of both steroidal saponins.
Throughout the culture period, the content of steroidal
saponins was higher in the aerial parts than in the roots.
As reported by Palazón et al. (2006), Ruscus callus cul-
tures show a limited capacity to biosynthesize steroidal
saponins, but when the calli regenerate aerial shoots it
increases drastically. This observation, together with our
results, suggests that the synthesis of steroidal saponins
ruscogenin and neoruscogenin occurs mainly in the leaves
of R. aculeatus.

As previously mentioned, the inhibitory effect of MeJA
on the development of cultured G. glauca plantlets was
more evident than in both Centella and Ruscus cultures,
and consequently, studies on the biosynthesis of their main
active compound, the nor-seco-friedelane galphimine-B,
had to be done using the whole plant. The lower MeJA
concentration (50 lM) did not elicit the biosynthesis of
the secondary compound of interest, since the nor-seco-
friedelane galphimine-B content was not detectable, as in
the control cultures (data not shown). In contrast, the pres-
ence of 100 lM MeJA in the culture medium of G. glauca
plantlets caused a relatively considerable increase in their
galphimine-B content (Fig. 3).

From the values depicted in Fig. 3, it can be deduced
that the elicitor action specifically affected some metabolic
steps of the ursane saponin (asiaticoside and madecasso-
side) and nor-seco-friedelane (galphimine-B) biosynthesis
in the respective C. asiatica and G. glauca cultures, but

not the steroidal saponins ruscogenin and neoruscogenin
of R. aculeatus, which are not directly formed from 2,3-
oxidosqualene but via its previous conversion to cycloarte-
nol (Gross et al., 1985; Combarieu et al., 2002).

2.3. Effects of the elicitor on the content of free sterols

From the data shown in Fig. 5, it may be inferred that
under the conditions of this work the level of free sterols
with a primary role (sitosterol, stigmasterol and campes-
terol) and that of cholesterol was affected mainly by dif-
ferences in biosynthetic activity among the cultured
plantlets. Cholesterol, which appears not to have any pri-
mary role in plants, is found in small amounts in many
plant species, where it serves as a precursor for other ste-
roid derivatives (Heftman, 1984). When comparing sterol
content in C. asiatica plantlets cultured for 2 and 4 weeks
with and without MeJA, it can be deduced that the free
sterol pattern in both aerial parts and roots was stigmas-
terol + campestrol > sitosterol while very small quantities
of cholesterol were detected only in the roots of untreated
plantlets (�10 lg/g DW). Additionally, when considering
the total content of free sterols (the sum of the sterols
measured), our results show that in both control and elic-
ited cultures it was higher in the aerial part than in the
roots, and this was especially evident after 2 weeks of cul-
ture in plantlets grown without MeJA. It is also clear that
the presence of MeJA in the culture medium reduced the
free sterol levels, which were lower in the aerial parts and
roots of all elicited plantlets than in the controls after 2
and 4 weeks of culture (2.4- and 1.3-fold at week 2,
respectively, and 1.8- and 1.3-fold at week 4, respectively).
The decrease in free sterols could be the result of elicited
plantlets having a high capacity to synthesize triterpene
saponins, and also might be explained by MeJA acting
differently on the two metabolic pathways considered.
This is supported by previous results reported by Kim
et al. (2005a,b) which show an activation of b-amyrin syn-
thase (CabAS), a key enzyme in the biosynthesis of triter-
pene saponins, in C. asiatica plants elicited by MeJA but
an inhibition of the expression of cycloartenol synthase
(CaCYS), the enzyme responsible for the first step in ste-
rol biosynthesis. This also concurs with the fact that both
sterols and triterpene saponins are synthesised from a
common precursor, 2,3-oxidosqualene, via two different
pathways (Fig. 1).

In the case of R. aculeatus (Fig. 5), the total free sterol
content of plantlets grown without MeJA was always
clearly higher in the roots than in the aerial part, and as
observed in C. asiatica plantlets, the addition of the elicitor
decreased this content in both the aerial part and roots
throughout the experiment. This decrease could also be
due to the aforementioned inhibition of the CYS enzyme
expression by MeJA, although the elicitor did not affect
the capacity of Ruscus to produce both ruscogenin and
neoruscogenin in the aerial part and only slightly in the
roots (Fig. 3). Moreover, considering the proposal that
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Ruscus spirostane saponins (ruscogenins) are synthesized
from the key precursor in plant sterol synthesis, cycloarte-
nol, in a biosynthetic route including cholesterol (Gross
et al., 1985; Combarieu et al., 2002), it was of interest that
cholesterol, usually a minor sterol in most plant species,
was present at relatively high levels in our Ruscus plantlets,
comprising approximately 7–10% of total free sterol
content.

The total free sterol content in G. glauca plants after 2
weeks of culture (Fig. 5) was very similar in plantlets grown
with and without MeJA, always in the pattern of sitos-
terol > cholesterol > stigmasterol+campesterol. The level
of cholesterol in our Galphimia plantlets was considerable,
comprising approximately 15% of total free sterol content,
which places G. glauca among the small number of plant
species in which cholesterol is more than a minor sterol.
In contrast with R. aculeatus plantlets, G. glauca cultures
appeared to show an activation of the enzymes involved
in the biosynthesis of galphimine-B, a nor-seco friedelane
triterpenoid directly synthesized from 2,3-oxidosqualene,

probably due to the presence of MeJA, since it was only
detected in plantlets grown in presence of the elicitor
(�17 lg/g DW).

Our results demonstrate for the first time how in R.

aculeatus and G. glauca cultured plants the production of
both free sterols and specific secondary compounds (the
steroidal saponins ruscogenin and neoruscogenin and the
triterpenoid galphimine-B, respectively) can be affected by
exogenous application of MeJA to the culture medium.
We have also shown that the production of centellosides
(the triterpene saponins madecassoside and asiaticoside,
and their respective ursane type sapogenins madecassic
and asiatic acids) clearly increased in both the aerial part
and roots of C. asiatica plantlets in response to the
presence of MeJA, although the triterpenoid pattern was
not affected. Finally, considering that 2,3-oxidosqualene
is a precursor of all the compounds studied in this experi-
ment, another explanation for their contents in our Cen-

tella, Ruscus and Galphimia cultures could be that the
reduced growth induced by MeJA feeds the precursors
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for secondary metabolite production if they were endoge-
nously limiting.

3. Experimental

3.1. General experimental procedures

Madecassoside, asiaticoside, asiatic acid, madecassic
acid, ruscogenin, neoruscogenin and campesterol were
obtained from CromaDex Inc. (USA). b-Sitosterol, stig-
masterol and cholesterol were obtained from Sigma–
Aldrich (USA). The standard compound galphimine-B
was isolated from aerial parts of G. glauca as described in
Osuna et al. (1999). Acetonitrile and MeOH (HPLC grade)
and other chemicals used (analytical grade) were obtained
from commercial sources without further purification.
Methyl jasmonate was purchased from Sigma–Aldrich
(USA).

The HPLC system consisted of a Pharmacia LKB-
HPLC 2150 pump (Pharmacia-LKB, Uppsala, Sweden),
an LC 2152 Controller (Pharmacia-LKB), an HPLC auto-
sampler 465 (Kontron Instruments), a 2141 Variable
Wavelength Monitor (Pharmacia-LKB) and a Biodacs
integrator (Pharmacia-LKB).

3.2. Plant material

C. asiatica plants were obtained from seeds provided by
the School of Pharmacy, Second Military Medical Univer-
sity (Shangai, China). R. aculeatus plants were grown in the
greenhouse of the Faculty of Pharmacy of the University of
Barcelona. A voucher specimen is kept in the Botanical
Section of the Faculty of Health and Life Sciences of the
University of Pompeu Fabra (Barcelona, Spain). Mature
seeds of G. glauca were collected from wild plants in Guan-
ajuato, Mexico, and adapted to the culture conditions of
the Plant Physiology Laboratory of the University of
Barcelona. Voucher specimens were deposited at the Insti-
tuto Mexicano del Seguro Social Herbarium (IMSSM)
under the code numbers 8645 and 8646.

Nodes from plants of C. asiatica, embryos of R. aculea-
tus (Moyano et al., 2006) and seeds of G. glauca were cul-
tured on MS medium (Murashige and Skoog, 1962)
solidified with 0.27% of phytagel. When the plants were
4–7 cm high they were used as experimental material for
controls and elicitor treatment.

3.3. Treatment with methyl jasmonate

Plantlets of C. asiatica, R. aculeatus and G. glauca

obtained as described above were cultured for 4 weeks in
MS solid medium (Murashige and Skoog, 1962) with and
without methyl jasmonate (MeJA). Different concentra-
tions of MeJA (50, 100 and 200 lM) were preliminarily
assayed. Since 50 lM was not enough to produce elicita-
tion in the three species, and 200 lM produced several

symptoms of necrosation in the roots after 2 weeks of treat-
ment, we chose to carry out our studies with 100 lM of
MeJA. Control plants (grown without MeJA) and treated
plants were sampled after 2 and 4 weeks of treatment. At
each harvesting, 8–10 plants were separated into roots
and aerial parts, except in the case of G. glauca cultures
whose limited root development forced us to collect the
whole plant. Each plant fraction was washed, weighed
for fresh weight (FW) and lyophilised to obtain dry weight
(DW) and analysed the triterpenes and free sterols.

3.4. Extraction and analysis of specific secondary compounds

To determine the quantity of madecassoside, asiatico-
side, madecassic acid and asiatic acid, aerial parts and root,
were taken separately from control and elicited C. asiatica

plants at 2 and 4 weeks of culture. The samples were lyoph-
ilized and powdered, and 1 g was extracted as reported by
Bonfill et al. (2006). The chromatographic analysis was per-
formed at room temperature with a Spherisorb 5l ODS2
(250 · 4 mm) column (Waters) using gradient elution, the
eluents being acetonitrile (A) and water with ammonium
dihydrogenphosphate 10 mM (pH 2.5 with ortophosphoric
acid) (B) according to the following profile: 0–15 min, 80%
A; 15–30 min, 62% A; 30–37 min, 30% A; 37–45 min, 80%
A. The flow rate was 1 ml/min and the detector was set at
214 nm.

To determine the quantity of ruscogenin and neoruscog-
enin, aerial parts and roots were taken separately from con-
trol and elicited R. aculeatus plants at 2 and 4 weeks of
culture. Lyophylized powdered samples (500 mg) were
extracted as reported by Palazón et al. (2006) for HPLC
analysis.

To determine the quantity of galphimine-B, whole
plants were taken from control and elicited G. glauca plants
at 4 weeks of culture. Lyophilized samples were extracted
with MeOH (75 ml) during 72 h shaking and sonicated
for 2 min. After filtration the solvent was evaporated to
dryness and the residue was dissolved in 3 ml of MeOH
and applied to HPLC. Quantification of galphimine-B
was performed at room temperature using a Chromolit
Performance RP18 column (10 cm length). The mobile
phase, consisting of acetonitrile/water (35:65), was eluted
isocratically at a constant flow rate of 1.7 ml/min. The
detector was set at 232 nm. The identity and purity of the
galphimine-B standard were confirmed by comparison with
published spectral data.

3.5. Extraction and analysis of free sterols

The extraction method used was the same as that used
for the extraction of ursane saponins from C. asiatica, as
described above. The chromatographic analysis is based
on the method of Manzi et al. (1996) but with some
modifications. The separation was carried out isocratically
at room temperature using a HYPERSIL 5l ODS
(250 · 4.6 mm) column (Thermo electron corporation)
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with MeOH as the mobile phase. The flow rate was 0.9 ml/
min and the detector was set at 210 nm.
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Abstract Centella asiatica has been extensively

studied but there has been no report to date that

relates gene expression and centelloside production in

non-differentiated tissues. We have determined the

content of the four principal triterpenoid bioactive

compounds of C. asiatica (asiaticoside, madecasso-

side, asiatic acid and madecassic acid) in calli grown

in different media and checked the expression level

of some of the genes in the centelloside biosynthetic

pathway. The results when compared with data from

in vitro plant cultures showed a significantly lower

expression of the gene encoding b-amyrin synthase in

calli, which is consistent with the observed lower

production of centellosides (less than 900 lg/g DW),

while in the plants the production was around 1.5–

2 mg/g DW. Moreover, we find an efficient house-

keeping gene for this plant. The biosynthesis of

phytosterols is also discussed.

Keywords Asiaticoside � Callus cultures �

Centella asiatica � Centellosides � Housekeeping �

Madecassoside � Triterpenoid saponins

Abbreviation

4PU-30 N-(2-chloro-4-pyridyl)-N0-phenylurea

Introduction

Centella asiatica (L) Urban of the Apiaceae family is

a herbaceous plant with great medicinal value.

Notable bioactive compounds of C. asiatica are

triterpenoid saponins and sapogenins, among which

the saponines madecassoside and asiaticoside are of

particular interest, as well as their respective sapoge-

nins madecassic and asiatic acid. Asiaticoside

stimulates wound healing and is useful in the treat-

ment of leprosy (Chakrabarty and Deshmukh 1976)

and tuberculosis, while madecassoside has antiinfla-

matory properties and is able to increase collagen III

secretion significantly (Solet et al. 1986). As shown in

Fig. 1, two molecules of farnesyl diphosphate are

converted by squalene synthase (SQS) into squalene, a

common precursor of sterol and triterpenoid biosyn-

thesis. Epoxidation of squalene at the second and third

carbon positions results in the formation of 2,3-

oxidosqualene. Oxidosqualene cyclases, which are

situated at the branching step for biosynthesis of

phytosterols and triterpene saponins, catalyse the
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cyclization of 2,3-oxidosqualene. Phytosterols arise

from the cyclisation of 2,3-oxidosqualene by cyclo-

artenol synthase (CYS), while the triterpenoid

saponins of C. asiatica (centellosides) are formed

via the cyclisation of 2,3-oxidosqualene by a specific

oxidosqualene cyclase, b-amyrin synthase (bAS).

Due to its medicinal properties, the interest in

C. asiatica has increased in recent years and many

researchers have attempted to overproduce centello-

sides through in vitro cultures (Matsuda et al. 2001;

Nath and Buragohain 2005). Recently, Kim et al.

(2005a, b, c) have cloned some of the genes involved

in the biosynthetic pathway of triterpenoid saponins in

C.asiatica, such as b-amyrin synthase (CabAS) (Kim

et al. 2005a), cycloartenol synthase (CaCYS)

(Kim et al. 2005b) and squalene synthase (CaSQS)

(Kim et al. 2005c).

In this work, we have compared the production of

centellosides (asiaticoside, madecassoside, asiatic

acid and madecassic acid) in C. asiatica plantlets

and callus tissue with the expression level of the

genes encoding the following enzymes: bAS, the

specific oxidosqualene cyclase for centelloside pro-

duction, CYS, which directs the pathway toward

phytosterols, and SQS, which directs the pathway

toward both phytosterols and centellosides. Addition-

ally, we have checked a housekeeping gene for the

gene expression studies.

Methods and materials

Whole-plant and callus cultures

Plants of C. asiatica obtained from seeds provided by

the School of Pharmacy, Second Military Medical

University (Shanghai, China) were cultured on MS

medium (Murashige and Skoog 1962) supplemented

with 2.7% (w/v). Gelrite and maintained in a

controlled growth chamber at approximately 23°C,

under continuous light. When the plants were 4–7 cm

high they were subcultured in the same conditions

and sampled after 4 weeks. At each harvesting, 8–10

plants were separated into roots and leaves. For

centelloside and free sterol content analysis, both

plant organs were lyophilised, and for molecular

work they were frozen with liquid nitrogen and stored

at -80°C.

To obtain calli, leaves from the aforementioned

plants were dissected into 2–3 equal parts and inocu-

lated in MS medium supplemented with 2 mg 6-

benzylaminopurine (BA)/l + 0.1 mg indole-3-butyric

acid (IBA)/l; 2 mg (BA)/l + 2 mg a-naphthaleneace-

tic acid (NAA)/l; 0.2 mg/l kinetin (Kn)/l + 2 mg

indole-3-acetic acid (IAA)/l; and 0.1 mg Kn/

l + 1 mg 2,4-D/l. Explants were incubated in the dark

at 25°C in Petri dishes, and subcultures after the callus
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Fig. 1 Relationships between sterol and triterpene saponins in

C. asiatica. Abbreviations: SQS, squalene synthase; CYS,

cycloartenol synthse; bAS, b-amyrin synthase
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inductionwere done every 25 days. The growth of calli

was studied in 200-ml Magenta flasks, containing

30 ml of the solid MS medium supplemented with

0.1 mg IBA/l and 1, 2 and 3 mg 4PU-30/l for 6 weeks.

The inoculum mass of calli was 0.5 ± 0.05 g, the

results being the mean of 3–4 determinations ± SD.

Extraction and analysis of centellosides and free

sterols and HPLC analysis

In callus tissue, the quantification of the four triterpe-

noid saponins (madecassoside, asiaticoside, madecassic

acid and asiatic acid) was carried out during 6 weeks in

the solid MS medium supplemented with 0.1 mg IBA/l

and 1, 2 and 3 mg 4PU-30/l.

To determine the quantity of triterpene saponins and

free sterols, lyophilized samples of roots, leaves and

calli were powdered and 1 g of each was extracted as

reported in Bonfill et al. (2006). HPLC analysis was

performed following the method of Inamdar et al.

(1996) modified as described in our previous paper

(Mangas et al. 2006). Purity of standards was deter-

mined by MALDI-TOF mass spectrometry.

Total RNA extraction and cDNA preparation

Duplicates of root, leaf and callus samples frozen

with liquid nitrogen and stored at -80°C were used

to check the expression level of squalene synthase,

cycloartenol synthase, b-amyrin synthase and and the

housekeeping gene (5.8S rRNA).

Total RNA was extracted using the TRIZOL

reagent (InVitroGen, USA) according to the manu-

facturer’s instructions. Concentration of each RNA

sample was measured using a NanoDrop ND-1000

spectrophotometer (NanoDrop Technologies, USA).

Only the RNA samples with a 260:280 ratio between

1.9 and 2.1 were used for the analysis. The integrity

of RNA samples was also assessed by agarose gel

electrophoresis. One microgram of total RNA from

each sample was reverse-transcribed by First-Strand

cDNA Synthesis using M-MLV RT (InVitroGen,

USA), according to the manufacturer’s instructions.

Primer designing and semiquantitative RT-PCR

analysis

The primer sequences corresponding to the three

genes under study (CabAS, CaCYS and CaSQS)

cloned and sequenced by Kim et al. (2005a, b, c),

respectively, and to the housekeeping gene (5.8S

rRNA) were chosen using the BTI software Gene

Tool Lite (version 1.0.0.1) and are given in Table 1.

Oligonucleotides for the three genes were synthesized

by TIB Molbiol Inc (Berlin, Germany) and for the

housekeeping gene by Metabion International AG

(Germany). Primers were designed to amplify the

bands that are listed in Table 1, which were ampli-

fied. Sequencing of the 5.8S rRNA gene band

confirmed its identity. PCR was performed with

2 ll of cDNA template using puReTag Ready-To-Go

PCR Beads (GE Healthcare, Buckinghamshire, UK)

and was carried out on a programmable thermocycler

(MiniCycler MJ Research, Watertown, MA, USA).

All the PCRs were performed under the following

conditions: initial denaturation at 94°C for 5 min,

followed by multiple cycles at 94°C for 30 s, 58°C

for 30 s and 72°C for 45 s and then a final extension

at 72°C for 7 min. The number of cycles was

standardized for each gene separately, being 28

cycles for 5.8S rRNA and CabAS, and 25 cycles

for CaSQS and CaCYS. Three replicates for each

biological sample were used for reverse transcriptase

(RT-PCR) analysis.

Table 1 Sequences of the

primers used to amplify the

housekeeping gene (5.8S

rRNA) and the genes

coding for squalene

synthase (CaSQS),

cycloartenol synthase

(CaCYS), and b-amyrin

synthase (CabAS)

Genes Sequences Amplicon size (bp)

CaCYS Forward primer 50-GAATCCACGCCATGAAGTCT–30 421

Reverse primer 50-ACCACCATGATCCAGAATCC-30

CabAS Forward primer 50-TGGTTGGGGAGAAAGTCTTG-30 302

Reverse primer 50-ACAAGCGTTTGCGGTACTCT-30

CaSQS Forward primer 50-TGGGTTAGGGTTGTCAAAGC-30 324

Reverse primer 50-CGGAAGATAGCAGGATCTCG-30

5.8S rRNA Forward primer 50-CGGCAACGGATATCTCGGCTCT-30 201

Reverse primer 50-TCCGCCCCGACCCCTTTC-30
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Results and discussion

Assay of different growth regulators in callus

cultures

Based on the work of several authors, different growth

regulators in MS medium were assayed to obtain calli

from leaf explants (see Methods). Calli began to grow

after 2 weeks and were developed at week four. In the

case of BA (2 mg/l) + NAA (2 mg/l) and Kn (0.2 mg/

l) + IAA (2 mg/l) media, calli were without signifi-

cant growth, as described by Patra et al. (1998) when

using media containing BA in combination with NAA;

with BA (2 mg/l) + IBA (0.1 mg/l), the medium used

by Banerjee et al. (1999) for in vitro multiplication of

C.asiatica, calli were white and large.

As we observed that growth was greater with IBA

than with other auxins (data not shown), in a second

series of experiments to obtain more callus biomass,

we maintained the same IBA concentration (0.1 mg/

l), and tested the effect of the cytokinin 4PU-30 at 1,

2 and 3 mg/l. Cytokinins derived from phenylurea are

the best supplement for the promotion of shoot

growth in C. asiatica (Kim et al. 2004) and we have

previously observed that 4PU-30 promotes the devel-

opment of large calli in tobacco callus cultures (Piñol

et al. 1987). The biomass production of calli in MS

medium with IBA and 4PU-30 is shown in Table 2,

the calli being non-organogenic in all cases and

showing a considerable growth rate.

Relationship between triterpenoid

saponin—phytosterol contents and gene

expression level

In callus tissue, the main triterpenoid was found

to be madecassoside, followed by madecassic acid,

asiaticoside and asiatic acid. The total production in the

calli, with all the media tested, was less than 900 lg/g

DW (Fig. 2), while in the plants it was around 1.5–

2 mg/g DW. In calli, the concentration of madecasso-

side was approximately 6–8 times greater than that of

asiaticoside, and the concentration of madecassic acid

was approximately 2–3 times higher than that of asiatic

acid. Comparing the content of saponins and sapoge-

nins, the amount of madecassoside was approximately

Table 2 Growth rate measured as fresh (FW) and dry weight

(DW) of C. asiatica whole plant organs and derived non-

organogenic calli grown in MS basal medium, the former

without growth regulators and the latter with IBA (0.1 mg/l)

and different concentrations of 4PU-30: 1 mg/l (PU1), 2 mg/l

(PU2) and 3 mg/l (PU3)

Growth Week Whole plant organs Non-organogenic calli

Leaves Roots PU1 PU2 PU3

FW (g) 2 – – 0.79 ± 0.14 0.80 ± 0.16 0.88 ± 0.23

4 8.08 ± 0.437 7.12 ± 0.39 1.0 ± 0.17 1.18 ± 0.22 1.55 ± 0.37

DW (g) 2 – – 0.125 ± 0.002 0.12 ± 0.02 0.10 ± 0.02

4 0.92 ± 0.09 0.55 ± 0.03 0.182 ± 0.013 0.18 ± 0.01 0.26 ± 0.02

In all cases, the inoculum mass of calli was 0.5 ± 0.05 g. Each value is the mean of 3–4 determinations ± SD
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Fig. 2 Comparison of centelloside (asiaticoside, madecasso-

side, asiatic acid and madecassic acid) content in C. asiatica

plants grown for 4 weeks in MS basal medium and in derived

non-organogenic calli cultured in the same medium for

4 weeks supplemented with IBA (0.1 mg/l) and 4PU-30 at:

1 mg/l (PU1), 2 mg/l (PU2) and 3 mg/l (PU3). In all cases, the

inoculum mass of calli was 0.5 ± 0.05 g. Each value is the

mean of 3–4 determinations. Bars represent ± SD. L, leaves;

R, roots
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double that of the madecassic acid, and the amount of

asiaticoside was similar to that of asiatic acid.

In vitro plants (see Methods) presented a different

saponin production pattern compared to the calli, and

it varied according to the part of the plant. Thus, the

main triterpenoid found in the aerial part of the plant

was asiaticoside followed by madecassoside, but in

the roots it was madecassoside (Fig. 2).

Comparing the expression level of the three genes

assayed (CaSQS, CaCYS and CabAS) with the

centelloside content, in roots and callus cells where

the centelloside content was low, the expression of

the CaSQS and CabAS genes was also low, while in

leaves both parameters were high. Comparing the

levels of CabAS in the low producing roots and calli,

the expression of downstream CabAS was similar in

roots and calli grown for 2 and 4 weeks with different

concentrations of 4PU-30, although the total content

of centellosides was significantly (P\ 0.001) higher

in calli than in roots. The observation that triterpene

aglycones act as structural components of plant

membranes (Nes and Heftmann 1981) could explain

this higher centelloside content in calli under the

conditions of our study (Fig. 3).

Another factor in the lower centelloside content of

roots and calli could be the notable decrease in

CaSQS expression level (Fig. 2). Since this enzyme

separates farnesyl diphosphate from the isoprenoid

pathway and converts it to squalene, the first specific

precursor of sterols and triterpene saponins, it would

appear that SQS plays a regulatory role in centello-

side formation.

Concerning the total content of free sterols

(Fig. 4), a direct relationship was found between

their level and the concentration of 4PU-30 in the

culture medium, the total content of free sterols being

highest in calli grown in the presence of 3 mg 4PU-

30/l and lowest in those grown with 1 mg 4PU-30/l.

Although secondary metabolite production does not

usually depend on growth, the calli cultured at the

highest 4PU-30 concentration showed the highest

accumulation at one time.

When comparing free sterol content in leaves and

roots of our plants with that of the calli grown with 1, 2

and 3 mg 4PU-30 l-1, it can be seen that the free sterol

pattern of plant leaves and roots was the same as in

calli, being stigmasterol + campesterol[ sitosterol.

Additionally, the total content of free sterols, was

significantly (P\ 0.001) higher in leaves and roots of

donor plants than in calli, especially those grown in the

presence of the lowest concentration of 4PU-30 (1 mg/

l). This general decrease in free sterol content might

well result from a lower expression of the gene coding

for cycloartenol synthase (CYS), which catalyses the

first committed step in sterol biosynthesis. This is

CaCYS

CabAS

CaSQS

5.8S rRNA

421 bp

302 bp

324 bp

201 bp

L      R     PU1 PU2 PU3 PU1 PU2 PU3

Week 2 Week 4

Fig. 3 Expression of squalene synthase (CaSQS), cycloartenol

synthase (CaCYS), and b-amyrin synthase (CabAS) genes in C.

asiatica whole plant organs and derived non-organogenic calli

grown in MS basal medium, the former without growth

regulators and the latter with IBA (0.1 mg/l) and of 4PU-30 at:

1 mg/l (PU1), 2 mg/l (PU2) and 3 mg/l (PU3). L, leaves; R, roots
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Fig. 4 Comparison of free sterol (sitosterol, stigmasterol and

campesterol) content in C. asiatica plants grown for 4 weeks in

MS basal medium and in derived non-organogenic calli

cultured for 4 weeks in the same medium supplemented with

IBA (0.1 mg/l) and 4PU-30 at: 1 mg/l (PU1), 2 mg/l (PU2) and

3 mg/l (PU3). In all cases, the inoculum mass of calli was

0.5 ± 0.05 g. Each value is the mean of 3–4 determinations.

Bars represent ± SD. L, leaves; R, roots
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supported by the higher transcript levels for CYS

observed in plant leaves (Fig. 3).

Housekeeping gene validation

Although C. asiatica has been extensively studied,

thus far there has been no report relating gene

expression using reverse transcriptase (RT-PCR)

analysis with centelloside production. It was thus

necessary to find an adequate housekeeping gene.

The 5.8S rRNA gene from C.asiatica was assayed

for its stability and also its level of expression. A high

quality total RNA was isolated from different tissue

samples and reverse transcribed. Expression studies

using biological duplicates were done by RT-PCR

analysis in a set of 8 tissue samples (see Methods).

We compared the amplification of this gene in all the

samples at various cycles to check when the amplicon

was within the exponential phase, as evidenced by its

intensity data, and in this manner 28 cycles were

selected. Additionally, we checked the cDNA tem-

plate for 0.5, 1 and 1.5 ll, and the amplification yield

also increased accordingly (Fig. 5). This result sup-

ported the use of 28 cycles for quantitative PCR.

Expression of the 5.8S rRNA gene was found to be

the same in leaf, root and callus samples, and also in

calli at the second and fourth week of culture (Fig. 3),

showing that it was suitable for housekeeping use in

C. asiatica.

Conclusions

We have discussed how the level of accumulated

centellosides (asiaticoside, madecassoside, asiatic acid

and madecassic acid) in non-organogenic callus cul-

tures of C. asiatica appears to be significantly

diminished by the low expression level of both b-

amyrin synthase (CabAS) and squalene synthase

(CaSQS) genes, seems to be linked with callus cell

dedifferentiation. The observed tissue-specific biosyn-

thesis of centellosides presents a limitation that could

be partially overcome by genetic manipulation of the

triterpenoid pathway to ensure the greatest possible

flux into these active triterpene saponins. Considering

the versatility and controlled experimental conditions

offered by cell suspension systems, we believe that our

findings open the way for the use of C. asiatica cell

cultures overexpressing the genes encoding for bAS

and/or SQS to increase centelloside production.

These results also suggest that the high asiaticoside

content in C.asiatica leaves is due to its production in

leaf cells rather than transport from roots.
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Abstract 
      Centella asiatica (L.) Urban is much used for its 
antiinflamatory and antiedematic properties, which 
are due to its bioactive compounds, the triterpene 
saponins. Several studies with in vitro cultures have 
been directed at developing a biotechnological 
process able to produce these interesting compounds. 
Some of them are summarized in this work, which 
also describes the conditions for the induction and 
establishment of a good biomass of friable calli as a 
prior step to achieving cell suspension cultures. 
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Introduction 
 Centella asiatica (L.) Urban, previously also named Hydrocotyle asiatica 
L., and commonly referred to as Indian pennywort and gotu kola, is an 
herbaceous plant belonging to the Apiaceae family with great medicinal 
value (Fig 1). It has been used in traditional medicine as an antipyretic, 
diuretic and antibacterial drug and in the treatment of skin diseases, vein 
insufficiency and mental disorders [1, 2].  
 

 
 

Figure 1. Centella asiatica (L) Urban. 
 
 It is native to Asia and mainly found in India, Pakistan and Madagascar, 
but the plant also grows in tropical and equatorial Africa, America, and the 
tropical regions of Oceania. It has been widely cultivated as a vegetable or 
spice in China, Southeast Asia, India, Sri Lanka, Africa, and Oceanic 
countries. 
 The bioactive compounds of Centella asiatica are triterpenoid saponins 
and sapogenins with an ursane skeleton (Fig. 3), among which the saponines 
madecassoside and asiaticoside are of particular interest, as well as their 
respective sapogenins madecassic and asiatic acid. Asiaticoside appears to 
stimulate the wound healing process and is useful in the treatment of leprosy 
[3] and tuberculosis, while madecassoside has antiinflamatory properties and 
is able to significantly increase collagen III secretion [4]. 
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 Due to its medicinal properties, the interest in this plant has increased in 
recent years and included in the literature are studies that describe the 
production of triterpenoid saponins in various parts of the plant [2, 5] the 
whole plant [5, 6, 7], and also in suspension cultures [8, 9]. Most of the 
authors only determine asiaticoside [5, 7, 9], or asiaticoside and 
madecassoside [2, 10, 11]. There are three studies, including ours, that 
determine the four compounds [6, 8]. 
 Triterpenoids are one of the most abundant natural products commonly 
occuring in plants. They are often glycosylated and stored in underground 
parts as saponins [12]. According to a recent study [5] 98.5% of the total 
asiaticoside content in Centella is found in aerial parts, and only 1.5% 
accumulates in the roots. Among the three varieties described in relation to 
their geographic origin, the most studied is C. asiatica L. var. typica, found in 
Southern Asia and Madagascar [4]. Surveys of the chemical constituents of 
C. asiatica have shown that although triterpenoid saponins are the major 
bioactive compounds, their content can differ not only among the plant 
varieties but also within the same variety according to region. For example, 
C.asiatica from Madagascar produces more secondary compounds than the 
Indian variety [13]. As reported by Aziz et al. (2007), such variations of 
asiaticoside content in C.asiatica are associated with the origin of the plant. 
Thus, a population growing at high altitude contains more asiaticoside than 
plants from a lower altitude [14]. Plants collected from 609m above sea level 
contained 0.11% of asiaticoside per leaf dry mass, whereas those from ca.5 m 
above sea level contained less than half of this value. The same authors found 
that the content of asiaticoside and madecassoside was higher (0.36% and 
0.68% dry mass respectively) in one of two phenotypes of C.asiatica (L) 
Urban of Malaysia. When trying to increase centelloside production by 
biotechnological processes, it is important to select a plant line with a 
naturally high content. 
 
Biosynthesis of centellosides and cloned genes in the 
pathway 
 Centellosides are triterpenoid compounds that are biosynthesized through 
the mevalonate pathway in the cytoplasm, (see Fig. 2). Their biosynthesis can 
be divided in three stages:  
  
1. The synthesis of the universal precursor of all terpenoids, isopentenyl  
 diphosphate (IPP). 
2. The synthesis of the first triterpene, squalene. 
3. The synthesis of centellosides. 
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Figure 2. Ursane saponin biosynthesis. 
 
1.  The first precursors in the mevalonate pathway are mevalonate and 

hydroxymethylglutaryl-CoA, which lead to the formation of the universal 
precursor of all terpenoids: 5-carbon isopentenyl diphosphate. In this 
route, for which not only the participating enzymes but also their 
codifying genes are known, 6-carbon mevalonate is synthesised by 
condensation of 3 acetyl-CoA molecules in a reaction catalysed by the 
hydroxymethylglutaryl-CoA reductase (HMGR). This reaction is now 
considered to be the key regulatory step in the synthesis of cytosolic 
isoprenoids [15]. Mevalonate is then phosphorylated by two different 
soluble kinases, mevalonate and phosphomevalonate, to form 5 
pyrophosphomevalonate. This compound is decarboxylated by the 
pyrophosphomevalonate decarboxylase into IPP [16], which is in 
equilibrium with its isomer, the dimethylallyl diphosphate (DMAPP), 
formed by the isopentenyl diphosphate isomerase. 

2.  Two molecules of IPP successively bond with the DMAPP to form the 
first sesqiterpene, the 15-carbon farnesyl diphosphate (FPP). This type of 
bonding is catalysed by specific prenyltransferases. The two FPP 
molecules are subsequently converted by squalene synthase (SQS) into 
squalene, which has 30C and is a common precursor of sterol and 
triterpenoid biosynthesis [17]. This reaction, catalysed by the squalene 
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synthase, is considered to be a key regulatory step in the synthesis of 
mevalonate-derived terpenes, since it controls the branching of the main 
isoprenoid pathway to the biosynthesis of triterpenes and phytosterols 
[18]. 

3. Epoxidation of squalene at the second and third carbon positions results 
in the formation of 2,3-oxidosqualene. Several oxidosqualene cyclases 
catalyze the cyclization of 2,3-oxidosqualene, which is situated at the 
branching step for the biosynthesis of phytosterols and triterpene 
saponins. Centellosides proceed from the cyclisation of 2, 3-
oxidosqualene, via a chair-chair-chair-boat transition stage, by a specific 
oxidosqualene cyclase (OSC), the β-amyrin synthase. The last steps in 
this biosynthetic pathway are unknown, but centellosides (asiaticoside, 
madecassoside, asiatic acid and madecassic acid) are ursane-type 
saponines.  

 
 Recently, Kim et al. [19, 20, 21, 22] have cloned some of the genes 
involved in the biosynthetic pathway of triterpenoid saponins in C. asiatica, 
such as β-amyrin synthase (CabAS) [19], cycloartenol synthase (CaCYS) 
[20], squalene synthase (CaSQS) [21] and farnesyl diphosphate synthase 
[22]. In this context, quantitative expression data of these genes can provide 
insight into the switched-on and switched-off genes as well as the up-
regulated and down-regulated genes in the C. asiatica biosynthetic pathway.  
 These authors showed that the levels of CabAS mRNA during leaf 
development peaked at 2-3 weeks and decreased after 4 weeks. However, 
despite such decreases in the level of CabAS mRNA, the content of 
asiaticoside in leaves was found to increase with time. In order to explain this 
inverse relationship between the level of CabAS mRNA and saponin content 
in tissue, it has been proposed that triterpene aglycones act as structural 
components of membranes during normal plant growth and development [23, 
24]. Therefore, since the number of CabAS transcripts increases in the early 
stages of C. asiatica leaf development, it is thought that CabAS may play a 
role in synthesizing structural components of membranes [19]. The same 
authors have determined that 0.1mM methyl jasmonate is sufficient to up-
regulate the levels of CaSQS mRNA and CabAS mRNA and thus enhance 
the triterpene saponin content.   
 Another cloned gene, CaCYS, codifies for cycloartenol synthase, a key 
enzyme for the regulation of phytosterol biosynthesis. Cycloartenol is the 
major product of the condensation of squalene 2,3-epoxide in a chair-boat-
chair-boat transition state, and is the precursor of sterols in plants. A series of 
reactions from cycloartenol, including modification of the side chain, lead to 
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the most abundant phytosterols, such as β-sitosterol, campesterol and 
stigmasterol. Cycloartenol plays a central role in the synthesis of other plant 
sterols, such as cholesterol, which in turn serves as a precursor for other 
steroid derivatives, such as progestagens, cardiac glycosides [25] and 
steroidic saponines. Phytosterols play a major structural role in membranes of 
plant cells, the greatest sterol content being in the plasma membrane [26, 27, 
28]. Kim et al. [20] found the highest expression of CaCYS mRNA 
transcripts in leaves but they decreased significantly when MeJA was added 
to the medium. However, the down-regulation of CaCYS mRNA transcripts 
following exposure to MeJA was overcome by adding a cytokinin to the 
medium. It seems that MeJA inhibits the formation of cycloartenol and 
promotes the triterpenoid route. 
 
Centellosides content in vitro cultures vs. plants 
 A survey of published articles about the content of centellosides in 
C.asiatica reveals very diverse data according to the plant origin and the type  
 

Table 1. Centelloside production (mg/g DW). Values from several articles. 
 

Analyzed 
Centellosides 

C.asiatica 
origin 

       Plant culture 
 
 

 W           AP         R 

In vitro culture 
 

Calli      Cell susp             Plant    
 W     AP       R  

 
Authors 

asiaticoside 
madecassoside 

Sri 
Lanka 

7 
0.136 

 Matsuda et al. 
2001 

asiaticoside 
madecassoside 

asiatic acid 
madecassic ac 

Sri 
Lanka 

9.8% 
15% 
13% 
28.8% 

 Schaneberg et al. 
2003 

asiaticoside Korea 4.32  Kim et al. 
2004a 

asiaticoside 
madecassoside 

asiatic acid 
madecassic ac 

Malasia                    4.26 
                  2.34 
                0.2-1.4 
                0.1-0.7 

Omar et al. 
2004 

asiaticoside India  190.48     494.62    125 Nath and 
Buragohain 

2005 
asiaticoside 

madecassoside 
Botanica

l 
Internati

onal 
Germant

own 
MD 

7.2 
10.1 

 Schieffer 
2005 

asiaticoside 
madecassoside 

Malasia  ND                         1.15% 
ND                         1.65% 

Aziz et al. 
2007  

 

W: Whole plant. AP: Aerial part. R: Roots 
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of culture carried out. It is noteworthy that the highest values correspond to 
extracts from wild plants or those cultured traditionally, with the exception of 
one study that obtained very high values using an in vitro culture [9]. As 
mentioned above, centellosides are mainly concentrated in the aerial part. 
 According to Kim et al. [5], compared to field-grown plants the 
asiaticoside content in micropropagated shoots of C.asiatica is 50% lower 
and in transformed hairy roots is was as low as 8.3% of the wild plant 
content. Table 1 shows centelloside production values from several articles. 
In spite of such a low centelloside content, in vitro cultures offer the 
necessary controlled conditions for biotechnological manipulation aiming to 
increase the production of these bioactive compounds in both in vitro plants 
and cell suspension cultures. 
 
Elicitation of in vitro plants with methyl jasmonate 
 Elicitors have been found to induce triterpene saponin accumulation in 
plants. Among them, it has been reported that exogenously applied methyl 
jasmonate (MeJA) induces the biosynthesis of many secondary metabolites 
[29], including terpenoids [30, 31, 32] and it plays an important role in a 
signal transduction process that regulates defense genes in plants [33]. 
Therefore, exogenously applied MeJA is widely used in plant cell cultures to 
activate secondary metabolism and it can enhance the secondary metabolite 
production in a variety of plant species. However, it has been observed that 
when MeJA is exogenously applied to plants, it produces effects such as 
growth inhibition, induction of leaf senescence [34] and promotion of 
ethylene production [35]. 
 Kim et al. [5] have studied the accumulation of asiaticoside in whole 
plant cultures of C.asiatica, reporting an enhancement of its production by 
MeJA treatment. Taking into account the aforementioned effect of this 
elicitor on growth and senescence, they have observed that when a cytokinin, 
which acts as an antisenescence agent in several plants, is also added to the 
medium, the production of asiaticoside is greater. They explain that this is 
due to an increased growth of shoots, where asiaticoside is mainly 
synthesized, rather than the stimulation of secondary metabolites. 
 We have also treated C.asiatica in vitro plants with the elicitor MeJA and 
compared their ursane saponin content with that of non-treated plants [30]. 
Plants of C.asiatica, obtained from seeds provided by the School of 
Pharmacy of the Second Military Medical University (Shangai, China), were 
cultured for four weeks in Murashige and Skoog (MS) solid medium [36] 
with and without 100µM MeJA. Fig.3A shows the development of an 
untreated plant of C.asiatica during three four-week subcultures (A, B, C) 



 Mangas S. et al. 8

and Fig. 3B the appearance of a C.asiatica plant treated with the elicitor 
compared with an untreated plant. In the treated plants after four weeks of 
culture, we observed a general decrease in growth and necrotic symptoms in 
the roots. Researchers have frequently used MeJA at a concentration of 
100µM to increase secondary metabolism in in vitro cultures [37, 38, 39], 
with the plant cells or organs coming into direct contact with the elicitor. In 
contrast, in our plant culture only the roots were directly exposed to MeJA, 
which is probably why it had a greater effect on root development.  
 In relation to triterpenoid saponin content in C.asiatica plants, treated 
and untreated with MeJA, the levels of the four bioactive compounds were 
determined in the aerial parts and roots. In all cases the saponin content of the 
roots was lower than in the aerial parts, and the elicitor treatment 
significantly increased the content of these four compounds at the week 4 
(Fig. 4A).  
 

 
 
Figure 3. A: In vitro development of an untreated plant of Centella asiatica. Centella 
asiatica plant treated with MeJA compared with an untreated plant after 4 weeks of 
growth. 



Centella asiatica (L) Urban: An updated approach 9 

m
g/

 g
 D

W
0

1

2

3

AP R AP R AP R AP R

Asiatic ac.
Madecassid ac.
Asiaticoside
Madecassoside

MeJA MeJACC

Week 2 Week 4

m
g/

 g
 D

W
0

1

2

3

AP R AP R AP R AP R

Asiatic ac.
Madecassid ac.
Asiaticoside
Madecassoside

MeJA MeJACC

Week 2 Week 4

Madecassic ac.

Madecassoside

0%

20%

40%

60%

80%

100%

Asiatic ac.

Asiaticoside

C MeJA C MeJA

AP R AP R AP R AP R

Week 2 Week 4

Madecassic ac.

Madecassoside

0%

20%

40%

60%

80%

100%

Asiatic ac.

Asiaticoside

C MeJA C MeJA

AP R AP R AP R AP R

Week 2 Week 4

0%

20%

40%

60%

80%

100%

0%

20%

40%

60%

80%

100%

Asiatic ac.

Asiaticoside

CC MeJAMeJA CC MeJAMeJA

AP R AP R AP R AP R

Week 2 Week 4

 
 
 
Figure 4. A: Centelloside content in aerial parts and roots of C.asiatica treated and 
untreated with MeJA B: Centelloside pattern in aerial parts and roots of C.asiatica 
treated and untreated with MeJA. 
 
 Interestingly, the centelloside pattern in the aerial parts and roots was not 
changed by the elicitor treatment (Fig. 4B). The most abundant centellosides 
were asiaticoside and madecassoside, which corresponds with other data in 
the literature [8]. 
 
Establishment of cell suspension cultures: Assaying different 
media to obtain large and friable calli 
 Before establishing cell suspension cultures, it is necessary to obtain a 
good biomass of friable callus culture. Based on the work of several authors, 
different growth regulators in MS medium were assayed to obtain calli from 
leaf and petiole explants. 
 Explants from young leaves and petioles were sterilized and cultured in 
MS medium containing the different concentrations and combinations of 
auxins and cytokinins that appear in Table2.  
 The assayed media for callus induction appear in italics in Table 2. 
Explants were incubated in the dark at 25ºC in Petri dishes. Calli began to 
grow after two weeks and had developed at the fourth week. The induction 
percentage of calli from leaf explants in the assayed media is shown in Table 2. 
 The best media for callus induction from leaves were: [MS + IAA (2 
mg/L) + Kn (0.2 mg/L); MS + IBA (0.1 mg/L) + BA (2 mg/L) and MS + 
NAA (2 mg/L) + BA (2 mg/L)]. These three media were used to induce calli  
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Table 2. Induction and morphological traits of Calli from C.asiatica explants in MS 
medium. 
 

PGRa          % Callus inductionb                       Morphological traits 

Auxin: mg/L Cytokinins: mg/L      Leaf                      Petiole  

IAA       2            KIN        0.2             91.2                        10.5 
 
2,4-D     1                           0.1            67.8                           -    

1                           1 
2           4PU-30    3 

 
IBA        0.1        BA          2                 93                           77.3 
                            4PU-30   0.2 
                                           1 
                                           2 
                                           3 
 
NAA      2           BA            2                92.4                        72.7 
 

Good induction, small calli 
 
Little induction, friable calli 
No induction 
Large and friable calli 
 
Good induction but not friable 
Small calli and not very friable 
Good growth but not friable 
Good growth but not friable 
Good growth but not friable 
 
Good induction but not friable 

 
 

a PGR: plant growth regulator, IAA: indoleacetic acid; 2,4-D: 2,4-dichlorophenoxy acetic acid; IBA: indole-3-
butyric acid; NAA: α-naphtaleneacetic acid; KIN: kinetin; BA: 6-benzyladenine; 4PU-30: N-(2-cloro-4-
piridil)-N’-fenilurea.  
 

b Data represent mean of 20 replicates/medium in two repeated experiments. 
 

Italic: Media assayed for callus induction 
Capital: The best medium to establish cell suspension cultures. See also Figure 5. 
 
from petiole explants but this material proved to be less effective for  
induction than leaf explants. On [MS + IAA (2 mg/L) + Kn (0.2 mg/L)] 
medium, callus induction was good but growth was poor [40].  On [MS + 
IBA (0.1 mg/L) + BA (2 mg/L)] and [MS + NAA (2 mg/L) + BA (2 mg/L)] 
media, profuse callusing was observed (Paramageetham et al., 2004). Media 
with NAA, IAA and IBA produced hard and compact calli, which was not 
desirable. In contrast, on media containing 2,4-D (1 mg/L) in combination 
with Kn (0.1 mg/L) calli were friable, but significant growth was not induced, 
and when Kn was 1 mg/L  there was no callus induction. 
 Once the callus tissue was induced, the aim was to find an optimum 
medium to obtain large, white and friable calli. The three aforementioned 
media chosen for induction were assayed: in the case of [MS + NAA (2 
mg/L) + BA (2 mg/L)] and [MS + IAA (2 mg/L) + Kn (0.2 mg/L)] media, 
calli were compact and without significant growth, as described by Patra et 
al. [41] when using media containing BA in combination with NAA. On the 
medium with [MS + IBA (0.1 mg/L) + BA (2 mg/L)], as used by Banerjee et 
al. [42] for in vitro multiplication of C. asiatica, calli were white, large but 
not friable. We also used these three media with 1/2 MS salts [43], in which 
case calli were whiter but their growth remained the same and they were still 
not friable. 
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 As we observed that growth was greater with IBA than with other auxins 
(IAA, NAA, 2,4-D), to obtain friable calli we maintained IBA and only 
changed the cytokinin BA for N-(2-cloro-4-piridil)-N’-phenilurea (4PU-30) 
at different concentrations. It has been reported that cytokinins derived from 
phenylurea are the best supplement for the promotion of shoot growth in C. 
asiatica [44], and in previous work with tobacco callus cultures we had 
observed that 4PU-30 developed large and friable calli [45]. With the 
exception of the [MS + IBA (0.1 mg/L) + 4PU-30 (0.2 mg/L)] medium, the 
other 4PU-30 concentrations tested (1, 2 and 3 mg/L) gave good growth, 
although in no case was friable callusing induced. 
 Since we had previously obtained friable calli with 2,4-D (2 mg/L) [46] 
we decided to use it instead of the auxin IBA, maintaining the kinetin 4PU-30 
(3 mg/L). The resulting medium, MS + 2,4-D (2 mg/L) + 4PU-30 (3 mg/L), 
was optimal for obtaining large, white and friable calli (Fig. 5). Work is 
currently being developed in our laboratory with the aim of increasing the 
triterpene saponin production in cell suspension cultures of C. asiatica.  
 

In vitro plantsIn vitro plants

Callus cultureCallus culture

 
 
Figure 5. Aspect of friable calli obtained with 2,4-D (2 mg/L) + 4PU-30 (3 mg/L) 
prior to the establishment of cell suspension cultures. 
 
Pattern of centellosides in calli and in vitro plants 
 The content of madecassoside, asiaticoside, madecassic acid and asiatic 
acid in our calli cultured in MS medium [36] with different growth 
regulators.is shown in Figure 6. This figure shows that the most abundant 
centellosides in our calli cultures were madecassoside and asiaticoside. When 
the medium combined NAA and BA the content of both centellosides was 
similar. The content in calli was about ten times lower than in in vitro plants, 
whose content ranged between 1.3 to 2.5 mg/g DW after elicitation (Fig. 7). 
This might seem low but, as mentioned before, the content of asiaticoside in 
in vitro plants is reported to be about 50% lower than in field-grown plants 
[5]. 
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Figure 6. Triterpenoid saponin content in calli of Centella asiatica (mg/g DW) M: 
madecassoside, A: asiaticoside, MA: madecassic acid, AA: asiatic acid.  
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Figure 7. Highest and lowest level of centellosides in calli (C), aerial parts (AP) and 
roots (R) of C.asiatica in vitro plants. (mg/ g DW). MeJa = Methyl Jasmonate. 
 
Analytical techniques 
 For the identification and quantifying of the four principal triterpenoid 
components of C.asiatica we carried out qualitative analysis using Thin-
Layer Chromatography (TLC) and Matrix-Assisted Laser Desorption/ 
Ionisation - Time-Of-Flight (MALDI-TOF) mass spectrometry, and a 
quantitative analysis using High Performance Liquid Chromatography 
(HPLC). The identification of madecassoside, asiaticoside, madecassic and  
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asiatic acid was achieved by TLC on silica gel plates and mass spectrometry, 
as a modification of the method described in the European Pharmacopoeia 
(2005). A combination of ethyl acetate and methanol as the mobile phase was 
found to be successful in separating these compounds from the rest of the 
main components of the extract. The separated compounds were confirmed 
by MALDI-TOF mass spectrometry. HPLC analysis was done with a 
modifying procedure [47]. 
 We started with one gram of dry weight, and we used methanol-water for 
the extraction. After repeating the process we obtained an extract, which was 
dissolved in MeOH (Figure 8). 
 The extract was used for a qualitative analysis using Thin-Layer 
Chromatography (TLC) and MALDI-TOF mass spectrometry, and for a 
quantitative analysis using High Performance Liquid Chromatography 
(HPLC). 
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Figure 8. Centelloside extraction protocol. 
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TLC identification 
 As a preliminary approach to identify the four triterpenoid compounds of 
C.asiatica we followed a TLC protocol from the European Pharmacopoeia 
(2005). Using this protocol, we were unable to separate madecassoside and 
asiaticoside, especially from the callus extracts because a large amount of 
compounds interfered with them, particularly in the lower half of the plate. 
We had to change the solvent system, which permitted the separation of these 
two trisaccharides from the interfering compounds.  
 Figure 9 shows the plates with the plant and callus extracts: The plant 
extract appears more clearly than the callus extract. The dark band at the 
bottom hided madecassoside and asiaticoside. We tried to clean the samples 
with hexane and ethyl acetate before the extraction but we observed that these 
solvents removed a considerable amount of asiatic and madecassic acids, for 
this reason, we decided to use only the methanol extract [48]. 
 

M AA AM AA A

European Pharmacopoeia
(2005)

M AA A Hex EA MeOHM AA A Hex EA MeOH

Callus extracts

M AA A Hex EA MeOHM AA A Hex EA MeOH

Plant extracts

 
 
Figure 9. Centelloside identification by TLC. M: madecassoside, AA: asiatic acid, A: 
asiaticoside, Hex: hexane extract, EA: ethyl acetate extract, MeOH: methanol extract. 
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 The TLC protocol used was: silica gel plates, ethyl acetate-methanol 
(60:40, v/v) as the solvent system and anisaldehyde solution as the spray 
detector. Figure 10 shows a plate with the 4 standards, a pharmaceutical 
preparation containing Centella extract and a plant extract. 
 This system allows the identification of triterpenoid compounds of        
C. asiatica and their separation into saponins and sapogenins, and also can be 
used to prepare samples for HPLC analysis. 
 

 
 
Figure 10. Centelloside identification by TLC. MA: madecassic acid, M: 
madecassoside, AA: asiatic acid, A: asiaticoside, 1 and 2: pharmaceutical preparation, 
P: plant. 
 
MALDI-TOF identification 
 To further confirm the identification of the four centellosides obtained by 
TLC, we carried out a MALDI-TOF spectrometry in positive ionization 
mode. Figure 11 shows the MALDI-TOF spectra of standards:  asiaticoside, 
madecassoside, asiatic acid and madecassic acid with their respectives mass 
ions [M + Na]+ and in Figure 12 we can see a MALDI-TOF spectra 
corresponding to a plant extract. The arrows indicate the peaks belonging to 
madecassic acid and the two saponins. 
 
HPLC analysis 
 The quantification of the four compounds was done by HPLC [30]. The 
chromatographic analysis was performed by a reversed phase using gradient 
elution. Figure 13A shows a chromatogram of the four separated standards 
and Figure 13B a chromatogram of a plant extract with the arrows indicating 
the centellosides. The purity of peaks was checked using a photodiode-array 
detector (Figure 14). 
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Figure 11. MALDI-TOF spectra of centellosides. 
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Figure 12. MALDI-TOF spectra of a plant extract. MA: madecassic acid, M: 
madecassoside, A: asiaticoside. Arrows indicate the peaks. 
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Figure 13. HPLC analysis of the four centellosides using gradient elution. A: 
Standard mixture B: Centella plant extract. (MA: madecassic acid, M: madecassoside, 
AA: asiatic acid, A: asiaticoside). 
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Figure 14. HPLC Analysis: Photodiode - Array Detection. A: plant extract, B: 
absorption spectra of standards. (MA: madecassic acid, M: madecassoside, AA: 
asiatic acid, A: asiaticoside). 



 Mangas S. et al. 18

 
 

Figure 15. Centella  micropropagation by somatic seeds. 
 
Centella micropropagation by somatic seeds 
 A method that allows sterile clones of C. asiatica to be kept for the 
culture of in vitro plants is  micropropagation by somatic seeds obtained from 
steril meristems. This method, succesfully implemented by the team of Dr. 
M.Furmanowa (Biology and Pharmaceutical Botany Department. The 
Medical University of Warsaw. Warsaw, Poland), has also been used by our 
group to maintain a stock of C. asiatica plants conserving interesting 
genotypes. The protocol is the following: 
 C. asiatica plants grown in vitro are transferred to a Petri dish with wet 
filter paper to keep the plant moist and the meristematic structures are 
selected (apical meristems of roots and stems and axilar meristems). 
Fragments of approximately 0.5 cm of these meristems are cut and 
submerged in 100 ml of 5% sodium alginate solution. The submerged 
meristems are picked up with a 10 ml wide-mouth pipette and released drop 
by drop into a 0.55% calcium chloride solution. The contact of the sodium 
alginate with the calcium chloride solution produces the alginate beads, 
which should remain in the calcium chloride solution for 30 minutes. The 
calcium-alginate beads are then cleaned with sterile distilled water and placed 
on filter paper to remove the excess water. The beads containing meristems 
are selected, placed on Petri dishes with MS medium and kept at 4ºC for up 
to 6 months. Figure 15 shows several steps in the germination of a somatic 
seed of C. asiatica. 
 
References 
1. Skopinska-Rózewska E, Furmanowa M, Guzewska J, Sokolnicka I, Sommer E & 

Bany J (2002) Central-European Journal of Immunology 27: 142-148 
2. Matsuda H, Morikawa T, Ueda H & Yoshikawa M (2001) Chem Pharm Bull 49: 

1368-1371 



Centella asiatica (L) Urban: An updated approach 19 

3. Chakrabarty T & Deshmukh S (1976) Science and culture 42: 573 
4. Solet JM, Simón-Ramiasa A, Cosson L & Guignard JL (1986) Centella asiatica 

(L) Urban (Pennywort): Cell Culture, Production of Terpenoids, and 
Biotransformation Capacity. In: Bajaj YPS (ed) Biotechnology in Agriculture and 
Forestry: Medicinal and Aromatic Plants X, vol 41, Springer-Verlag, Berlin, 
Heidelberg, pp. 81-96 

5. Kim OT, Kim MY, Hong MH & Ahnn JC (2004a) Plant Cell Rep 23: 339-344 
6. Schaneberg BT, Mikell JR, Bedir E, Khan IA (2003) Pharmazie 58: 381-384 
7. Mathur S, Verma RK, Gupta MM, Ram M, Sharma S & Kumar S (2000) J Hort 

Sci Biotech 75: 551-554 
8. Omar R, Abdullah MA, Hasan MA & Marziah M (2004) Am J Appl Sci 1: 215-219 
9. Nath S, Buragohain AK (2005) Biologia Plantarum 49: 411-413 
10. Schieffer GW (2005) J Liquid Chrom & Related Technologies 28:581-592 
11. Aziz ZA, Davey MR, Power JB, Anthony P, Smith RM, Lowe KC (2007) Biol 

Plant 51: 34-42 
12. Kushiro T, Shibuya M, Ebizuka Y (1999) J Am Chem Soc 121: 1208-1216 
13. Rouillard-Guellec F, Robin JR, Rakoto-Ratsimamanga A, Ratsimamanga S, 

Rasaoanaivo P. (1997) Acta Bot Gall 144: 489-493 
14. Das A, Mallick R (1991) Bot Bull Acad 32: 1-8 
15. Banthorpe DV, Charlwood BV, Francis MJ (1972) Chem Rev 72: 115-155. 
16. McGarvey DJ, Croteau R (1995) Plant Cell 7: 1015-26. 
17. Abe I, Rohmer M, Prestwich GD (1993) Chem Rev 93: 2189-2206 
18. Chappell J (1995) Annu Rev Plant Physiol Plant Mol Biol 46: 521-547 
19. Kim OT, Kim MY, Huh SM, Bai DG, Ahn JC, Hwang B (2005a) Plant Cell Rep 

23: 304-311. 
20. Kim OT, Kim MY, Hwang SJ, Ahn JC, Hwang B (2005b) Biotechnol Bioprocess 

Eng 10: 16-22. 
21. Kim OT, Seong NS, Kim MY, Hwang B (2005c) J Plant Biol 48: 263-269. 
22. Kim OT, Ahn JC, Hwang SJ, Hwang B (2005d) Mol Cells 19: 294-299 
23. Baisted DJ (1971) Biochem J 124: 375-383 
24. Nes WR, Heftmann E (1981) J Nat Prod 44: 377-400 
25. Heftman E (1984) Isopentenoidsin Plants (WD Ness, G Fuller and L Tsai, eds), 

487-518, Marcel Dekker, Inc, New York 
26. Goodwin TW. Lipids: Structure and Function (PK Stumpf, ed) Vol. 4 of 

Biochemistry of Plants (PK Stumpf and EE Conn, eds), 485-507, Academic 
Press, New York, 1980 

27. Goodwin TW. Biosynthesis of plant sterols and other triterpenoids. In 
Biosynthesis of Isoprenoid Compounds, Vol. 1 (JW Porter and SL Spurgeon, 
eds), 443-480, Wiley, New York, 1981 

28. Heftman E (1973) Steroids. In Phytochemistry Vol. 2 (LP Miller, ed), 171-226, 
Van Nostrand Reinhold, New York 

29. Gundlach H, Müller MJ, Kutchan TM, Zenk MH (1992) Proc Nat Acad Sci USA 
89: 2389-93 

30. Mangas S, Bonfill M, Osuna L, Moyano E, Tortoriello J, Cusidó RM, Piñol MT, 
Palazón J (2006) Phytochemistry 67: 2041-2049. 



 Mangas S. et al. 20

31. Bonfill M, Bentebibel S, Moyano E, Palazón J, Cusidó RM, Eibl R, Piñol MT 
(2007) Biologia Plantarum 51: 647-652 

32. Kim OT, Bang KH, Shin YS, Lee MJ, Jung SJ, Hyun DY, Kim YC, Seong NS, 
Cha SW, Hwang B (2007) Plant Cell Reports 26: 1941-1949 

33. Farmer EE, Ryan CA (1990) Proc Nat Acad Sci USA 87: 7713-16 
34. Satler SO, Thimman KV (1981) C R Acad Sci Ser A 293: 735-740 
35. Saniewski M, Nowacki J, Czapski J (1987) J Plant Physiol 129: 199-203 
36. Murashige T, Skoog F (1962) Physiol Plant 15: 473-497 
37. Ketchum RE, Gibson DM, Croteau RB, Schuler ML (1999) Biotechnol Bioeng 

62: 97-105 
38. Cusidó RM, Palazón J, Bonfill M, Navia-Osorio A, Morales C, Piñol MT (2002 

Biotechnol Prog 18: 418-423 
39. Palazón J, Cusidó RM, Bonfill M, Morales C, Piñol MT (2003) J Biotech 101: 

157-163 
40. Paramageetham Ch, Prasad Babu G & Rao JVS (2004) Plant Cell Tissue and 

Organ Culture 2004: 79: 19-24 
41. Patra A, Rai B, Rout GR & Das P (1998) Plant Growth Regul 24: 13-16 
42. Banerjee S, Zehra M & Kumar S (1999) Curr Sci 76: 147-148 
43. Josekutty PC (1998) Phyton-Int J Exp Bot 63: 275-278 
44. Kim OT, Kim MY, Huh SM, Ahnn JC, Seong NS & Hwang B (2004b) J Plant 

Biol 47: 361-365 
45. Piñol MT, Palazón J, Altabella T & Serrano M (1987) J Plant Growth Regul 5: 

183-189 
46. Bonfill M, Palazón J, Cusidó RM, Piñol MT, Morales C (1996) Can J Bot 74: 

378-382 
47. Inamdar PK, Yeole RD, Ghogare AB, Souza NJ (1996) J of Chromatography A 

742: 127-130 
48. Bonfill M, Mangas S, Cusidó RM, Osuna L, Piñol MT, Palazón J (2006) Biomed 

Chrom 20: 151-153 
 




