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A simple, repeatable and efficient protocol for direct multiple shoot regeneration from internodal explants has been defined in 
peppermint (Mentha x piperita var. Indus). In vitro regenerated shoots of peppermint were excised into 4 to 8 mm long 
internodes and cultured on Murashige and Skoog’s medium supplemented with different cytokinins. In the hormonal assay,  
3.0 mg L-l zeatin or 6-isopentenyl adenine independently supplemented to half strength MS medium exhibited multiple shoot 
regeneration, while thiaduzorn (0.1-3.0 mg L-l) showed no morphogenetic effect. A maximum of 85% in vitro cultured explants 
showed multiple shoot formation with an average of 7 shoots per explant on MS medium supplemented with zeatin.      
Multiple shoots were initiated within three weeks of cultivation. Internodes with regenerated multiple shoots were transferred 
to half - strength MS medium without supplementing with any plant growth hormone for shoot elongation and rhizogenesis. 
Rooted plants acclimatized and grew to maturity under glasshouse conditions. The plantlets developed were phenotypically 
identical to the parent plant and exhibited 96 % survival.   
 
Keywords:  Mentha x piperita, plant growth hormones, internodes, multiple shoot regeneration, cytokinins. 
 
 
 
Peppermint (Mentha piperita L.), an allopolyploid 
(2n=72) and a natural hybrid of M. aquatica x             
M. spicata is cultivated in India and subtropical regions. 
Its essential oil is valued commercially as an additive to 
food products, cosmetics and pharmaceuticals [1].      
M. piperita var. Indus [2] produces high menthofuran 
(27.2%) and pulegone (15.4%) levels in its essential oil. 
In the present investigation, we report a simple and 
efficient method of direct multiple shoot regeneration 
and formation of complete plantlets from internodal 
segments of M. piperita var. Indus without the 
production of a callus phase. 
 
Effect of cytokinins on multiple shoot induction: 
Multiple shoot induction in internodal segments was 
observed within 3 weeks on half strength MS medium, 
while a comparatively low regeneration response was 
observed in full strength MS medium. Of the three 
cytokinins (Z, 2-iP and TDZ) tested (0.1-3.0 mg L-l ),   
Z at higher levels (>1.0 mg L-l) and 2-iP at all levels 
(0.1-3.0 mg L-l) tested exhibited the highest (85%) 
multiple shoot regeneration response (Table 1) and an 
average of 7 shoots/explant were obtained with Z (3.0 
mg L-l), while a comparatively low response (55%) was 
observed with 2-iP (3.0 mg L-l). None of the explants 
showed regeneration in medium supplemented with  

Table 1: Effect of cytokinins on morphogenetic response in M. piperita. 
 

Morphogenetic response (%) Cytokinin  
(mgl-l) Z TDZ 2-iP 

0.0 ─ ─ ─ 
0.1 ─ ─ R (25) 
0.5 ─ R (35) R (50) 
1.0 MS (25) ─ R (40) 
2.0 MS (35) ─ MS (35) 
3.0 MS (85) ─ MS (50) 

MS - multiple shoots;  R - rooting;  ─ no response ; figure in parentheses 
denotes percentage of cultures showing morphogenetic response 
 
TDZ at any of the levels tested. This is contrary to the 
earlier reports where regeneration of plantlets in the 
presence of TDZ has been reported [3-5]. Coconut 
water (25%), along with either TDZ or BA or 2-iP were 
evaluated for their effect on organogenesis. Amongst 
these cytokinins, TDZ was found to be the most 
effective for inducing shoot formation in peppermint 
(Mentha x piperita) leaf explants [4]. These results are 
in contrast to our present study in which none of the 
concentrations of TDZ tested induced shoot 
regeneration. This indicated that the TDZ levels tested 
alone may not be able to induce multiple shoot 
induction. Occasionally TDZ and 2-iP at certain low 
levels also showed root initiation in cultured explants, 
but shoot regeneration was not observed along with the 
rooting (Table 1). Leaf disks and petioles of M. citrata 
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Ehrh., M. piperita cv. Black mitcham, M. spicata L. and 
M. gracilis Sole ex Baker also exhibited high multiple 
shoot regeneration responses with 2iP [6], as has also 
been observed in the present study. Coconut water in 
the MS medium supplemented with 4.5 µM TDZ has 
been found to affect adventitious shoot formation in 
callus of Mentha x gracilis [3]. Excision of the growing 
shoots at each sub-culture passage further enhanced the 
elongation of dormant buds formed during the initial 
shoot formation.  
 
Shoot elongation and root induction: The half strength 
MS medium was found to be more effective for rapid 
and healthy growth of explants. Shoot elongation and  
rhizogenesis were much more rapid and significant in 
half strength MS medium in contrast to MS full 
strength. Although Z and 2-iP stimulated multiple shoot 
formation, they slowed down the development and 
elongation of shoots. Simultaneous shoot elongation 
and rooting was observed in nodal explants and 
therefore, single shoots separated from multiple shoot 
clumps were sub-cultured in growth hormone free half 
strength MS medium. The observed effects of shoot 
elongation and root initiation on medium devoid of 
hormones support the reported work [7]. About 90-95% 
of the single shoots elongated and formed roots within 
three weeks. 
 
Recovery of plantlets: Of the plantlets transferred to 
glasshouse conditions, 96% showed survival and grew 
to maturity. No phenotypic variation was observed 
among the control (sucker grown parent plants) and     
in vitro raised plants. This study thus demonstrated a 
simple and efficient protocol for direct multiple shoot 
regeneration and production of true-to-type plants that 
could be adapted for study of transgenic M. piperita.  

Experimental 
 

Establishment of aseptic cultures: Nodal segments 
were collected from healthy young plants from the 
National Gene Bank at CIMAP, Lucknow. These were 
surface sterilized and inoculated on half strength MS 
medium [8] under reported culture conditions [9]. 
 
Shoot induction and multiplication: Internodal 
segments (4 to 8 mm in size) from pre-cultured mother 
stocks were placed on half strength MS medium 
supplemented either with zeatin (Z), thidiazuron (TDZ) 
or N6-2(2-isopentyl) adenine (2-iP) at 0.1, 0.5, 1.0, 2.0 
and 3.0 mg L-l levels.  Full and half strength MS basal 
media were tested to define optimal concentration of 
cytokinins for multiple shoot induction. Ten replicates 
of each level of all the 3 cytokinins were used and the 
experiment was repeated twice. Multiple shoots were 
separated and sub-cultured on fresh cytokinin free half 
strength MS medium for further shoot elongation and 
rooting. 
 
Acclimatization of plantlets: The rooted shoots 
measuring 4-6 cm in length with 5–7 leaves were taken 
from the culture vessel, washed gently under running 
tap water and kept in a culture tube containing water for 
5-7 days. After this hardening phase, plants were 
transferred to plastic trays containing soil and 
vermicompost mixture (2:1) and  acclimatized in  a 
glass house  under normal day length conditions. 
 
Acknowledgements - The authors are thankful to the 
Director, CIMAP, Lucknow and the Council of 
Scientific and Industrial Research (CSIR), India for 
providing necessary facilities to carry out the work. 

 
References 
[1] Banthorpe DV. (1996) Mentha species (mints): In vitro culture and production of lower terpenoids and pigments. In Biotechnology 

in Agriculture and Forestry, Medicinal and Aromatic Plants DC, Vol. 37, Bajaj YPS (Ed.). Springer-Verlag, Berlin. 202-225. 
[2] Khanuja SPS, Patra NK, Shasany AK, Kumar B, Gupta S, Gupta MK, Upadhyay RK, Priya TP, Singh AK, Darokar MP, Singh 

AK, Tomar VKS, Bahl JR, Lal RK, Naqvi AA. (2005) High menthofuran chemotype ‘CIM-Indus’ of Mentha x  piperita. Journal 
of Medicinal and Aromatic Plant Sciences, 27, 721-726. 

[3]  Wang X, Gao Z, Wang Y, Bressan RA, Weller SC, Li X. (2009) Highly efficient in vitro adventitious shoot regeneration of 
peppermint (Mentha x piperita L.) using internodal explants. In Vitro Cellular Developmental Biology-Plant, 45, 435-440. 

[4]  Niu X, Lin K, Hasegawa PM, Bressan RA, Weller SC. (1998) Transgenic peppermint (Mentha x piperita L.) plants obtained by 
cocultivation with Agrobacterium tumefaciens. Plant Cell Reports, 17, 165-171. 

[5] Krasnyanski S, May RA, Loskutov A, Ball TM, Sink KC. (1999) Transformation of the limonene synthase gene into peppermint 
(Mentha piperita L.) and preliminary studies on the essential oil profiles of single transgenic plants. Theoretical and Applied 
Genetics, 99, 676–682. 

[6]  Berry C, Van Eck JM, Kitto EL. (1997) In vitro irradiation and regeneration in mints. Journal of Herbs, Spices and Medicinal 
Plants, 4, 17-26. 

[7]  Diemer F, Jullien F, Faure O, Moja S, Colson M, Matthys-Rochon E, Caissard JC. (1998) High efficiency transformation of 
peppermint (Mentha x piperita L.) with Agrobacterium tumefaciens. Plant Science, 136, 101-108. 

[8] Murashige T, Skoog F. (1962) A revised medium for rapid growth and bioassays with tobacco tissue cultures. Physiologia 
Plantarum, 15, 473–497. 

[9]  Kukreja AK. (1996) Micropropagation and shoot regeneration from leaf and nodal explants of peppermint (Mentha piperita L.). 
Journal of Spices and Aromatic Crops, 5, 111-119. 



 

Inhibition of Protein Tyrosine Phosphatase 1β by Hispidin Derivatives Isolated from the  
Fruiting Body of Phellinus linteus 
Yeon Sil Lee, Il-Jun Kang, Moo Ho Won, Jae-Yong Lee, Jin Kyu Kim and Soon Sung Lim   1927 
 

A New Azafluorenone from the Roots of Polyalthia cerasoides and its Biological Activity 
Kanchana Pumsalid, Haruthai Thaisuchat, Chatchanok Loetchutinat, Narong Nuntasaen,  
Puttinan Meepowpan and Wilart Pompimon         1931 
 

Evaluation of Antiviral Activities of Curcumin Derivatives against HSV-1 in Vero Cell Line 
Keivan Zandi, Elissa Ramedani, Khosro Mohammadi, Saeed Tajbakhsh, Iman Deilami, Zahra Rastian,  
Moradali Fouladvand, Forough Yousefi and Fatemeh Farshadpour      1935 
 

Hyloglyceride and Hylodiglyceride: Two New Glyceride Derivatives from Hylodendron gabunensis 
Awazi Tengu Nyongha, Hidayat Hussain, Etienne Dongo, Ishtiaq Ahmed and Karsten Krohn   1939 
 

Chemical Composition and Bioactivities of the Marine Alga Isochrysis galbana from Taiwan   
Chi-Cheng Yu, Hsiao-Wei Chen, Mao-Jing Chen, Yu-Ching Chang, Shih-Chang Chien, Yueh-Hsiung Kuo,  
Feng-Ling Yang, Shih-Hsiung Wu, Jie Chen, Hsiao-Hui Yu and Louis Kuop-Ping Chao    1941 
 

An Efficient Protocol for High-frequency Direct Multiple Shoot Regeneration from Internodes of  
Peppermint (Mentha x piperita) 
Sanjog T. Thul and Arun K. Kukreja         1945 
 

Essential Oil Yield and Chemical Composition Changes During Leaf Ontogeny of Palmarosa  
(Cymbopogon martinii var. motia) 
Bhaskaruni R. Rajeswara Rao, Dharmendra K. Rajput, Rajendra P. Patel and Somasi Purnanand   1947 
 

Essential Oil Composition of Four Endemic Ferulago Species Growing in Turkey 
Ceyda Sibel Kılıç, Ayşe Mine Gençler Özkan, Betül Demirci, Maksut Coşkun and Kemal Hüsnü Can Başer  1951 
 

Essential Oils of Daucus carota subsp. carota of Tunisia Obtained by Supercritical Carbon Dioxide  
Extraction 
Hanen Marzouki, Abdelhamid Khaldi, Danilo Falconieri, Alessandra Piras, Bruno Marongiu, Paola Molicotti  
and Stefania Zanetti           1955 
 

Oil Constituents of Artemisia nilagirica var. septentrionalis Growing at Different Altitudes 
Flora Haider, Narendra Kumar, Ali Arif Naqvi and Guru Das Bagchi      1959 
 

Volatile Oil Composition of Pogostemon heyneanus and Comparison of its Composition with Patchouli Oil 
Ramar Murugan, Gopal Rao Mallavarapu, Kyathsandra Venkataramaiah Padmashree,  
Ramachandra Raghavendra Rao and Christus Livingstone       1961 
 

Chemical Composition of Volatile Oils of Aquilaria malaccensis (Thymelaeaceae) from Malaysia 
Saiful Nizam Tajuddin and Mashitah M. Yusoff        1965 
 

Chemical Composition and Phytotoxic Effects of Essential Oils from Four Teucrium Species 
Laura De Martino, Carmen Formisano, Emilia Mancini, Vincenzo De Feo, Franco Piozzi, Daniela Rigano  
and Felice Senatore           1969 
 

Chemical Constituents and Larvicidal Activity of Hymenaea courbaril Fruit Peel 
José Cláudio D. Aguiar, Gilvandete M. P. Santiago, Patrícia L. Lavor, Helenicy N. H. Veras, Yana S. Ferreira,  
Michele A. A. Lima, Ângela M. C. Arriaga, Telma L. G. Lemos, Jefferson Q. Lima, Hugo C. R. de Jesus,  
Péricles B. Alves and Raimundo Braz-Filho         1977 
 

Caryophyllene Oxide-rich Essential Oils of Lithuanian Artemisia campestris ssp. campestris and Their Toxicity  
Asta Judzentiene, Jurga Budiene, Rita Butkiene, Eugenija Kupcinskiene, Isabelle Laffont-Schwob and  
Véronique Masotti           1981 
 

Comparison of Antibacterial Activity of Natural and Hydroformylated Essential Oil of Thymus capitatus  
Growing Wild in North Sardinia with Commercial Thymus Essential Oils 
Marianna Usai, Marzia Foddai, Barbara Sechi, Claudia Juliano and Mauro Marchetti    1985 
 

Composition and Chemical Variability of the Leaf Oil from Corsican Juniperus thurifera 
Integrated Analysis by GC(RI), GC-MS and 13C NMR 
Josephine Ottavioli, Joseph Casanova and Ange Bighelli       1991 
 

Combined Analysis by GC (RI), GC-MS and 13C NMR of the Supercritical Fluid Extract of Abies alba Twigs  
Emilie Duquesnoy, Bruno Marongiu, Vincent Castola, Alessandra Piras, Silvia Porcedda and Joseph Casanova 1995 
 

Review/Account 
 

Eugenol: A Natural Compound with Versatile Pharmacological Actions 
Kannissery Pramod, Shahid H. Ansari and Javed Ali        1999



 

Natural Product Communications 
2010 

Volume 5, Number 12 
 

Contents 
 

Original Paper           Page 
 

Anticonvulsant Activity of the Linalool Enantiomers and Racemate: Investigation of Chiral Influence 
Damião P. de Sousa, Franklin F. F. Nóbrega, Camila C. M. P. Santos and Reinaldo N. de Almeida   1847 
 

Kinetic Analysis of Genipin Degradation in Aqueous Solution 
Paul Slusarewicz, Keng Zhu and Tom Hedman        1853 
 

Microbial Transformation of Marine Halogenated Sesquiterpenes 
Aurelio San Martin, Juana Rovirosa, Alvaro Carrasco, Silvia Orejarena, Jorge Soto-Delgado,  
Renato Contreras and M. Cristina Chamy         1859 
 

Two New Guaianolides from Amberboa ramosa 
Muhammad Ibrahim, Rehan Khan and Abdul Malik        1865 
 

Antiplasmodial and Cytotoxic Activities of Drimane Sesquiterpenes from Canella winterana  
Mary H. Grace, Carmen Lategan, Flaubert Mbeunkui, Rocky Graziose, Peter J. Smith, Ilya Raskin and  
Mary Ann Lila         1869 
 

Three New 18-Oxygenated ent-Kaurane Diterpenoids from Isodon leucophyllus 
Hai Bo Zhang, Jian Xin Pu, Yong Zhao, Fei He, Wei Zhao, Li Guang Lou, Wei Lie Xiao and Han Dong Sun 1873 
 

Immunomodulatory Action of Monosulfated Triterpene Glycosides from the Sea Cucumber 
Cucumaria okhotensis: Stimulation of Activity of Mouse Peritoneal Macrophages  
Dmitry L. Aminin, Alexandra S. Silchenko, Sergey A. Avilov, Vadim G. Stepanov and Vladimir I. Kalinin  1877 
 

Three New Aaptamines from the Marine Sponge Aaptos sp. and Their Proapoptotic Properties 
Larisa K. Shubina, Tatyana N. Makarieva, Sergey A. Dyshlovoy, Sergey N. Fedorov, Pavel S. Dmitrenok and  
Valentin A. Stonik           1881 
 

Isolation and Characterization of Crotosparsamide, a New Cyclic Nonapeptide from Croton sparsiflorus 
Rashad Mehmood and Abdul Malik          1885 
 

Two New Lavandulyl Flavonoids from Sophora flavescens  
Dan Liu, Xiulan Xin, Dong-hai Su, Junying Liu, Qing Wei, Bo Li and Jian Cui     1889 
 

Biotransformation of Naringenin to Eriodictyol by Saccharomyces cerevisiea Functionally Expressing 
Flavonoid 3’ Hydroxylase 
Ilef Limem-Ben Amor, Alain Hehn, Emmanuel Guedon, Kamel Ghedira, Jean-Marc Engasser,  
Leila Chekir-Ghedrira and Mohamed Ghoul         1893 
 

Two New 3-C-Carboxylated Flavones from the Rhizomes of Caragana conferta 
Rehan Khan, Abdul Malik, Shazia Yasmeen and Nighat Afza       1899 
 

Kaempferol Glycosides in the Flowers of Carnation and their Contribution to the Creamy White  
Flower Color 
Tsukasa Iwashina, Masa-atsu Yamaguchi, Masayoshi Nakayama, Takashi Onozaki, Hiroyuki Yoshida,  
Shuji Kawanobu, Hiroshi Ono and Masachika Okamura       1903 
 

Factors Influencing Glabridin Stability  
Mingzhang Ao, Yue Shi, Yongming Cui, Wentao Guo, Jing Wang and Longjiang Yu    1907 
 

Effect of Different Strains of Agrobacterium rhizogenes and Nature of Explants on Plumbago indica  
Hairy Root Culture with Special Emphasis on Root Biomass and Plumbagin Production  
Moumita Gangopadhyay, Saikat Dewanjee, Somnath Bhattacharyya and Sabita Bhattacharya   1913 
 

Fujianmycin C, A Bioactive Angucyclinone from a Marine Derived Streptomyces sp. B6219  
Muna Ali Abdalla, Elisabeth Helmke and Hartmut Laatsch       1917 
 

Dioscorealide B from the Traditional Thai Medicine Hua-Khao-Yen Induces Apoptosis in MCF-7 
Human Breast Cancer Cells via Modulation of Bax, Bak and Bcl-2 Protein Expression 
Jiraporn Saekoo, Potchanapond Graidist, Wilairat Leeanansaksiri, Chavaboon Dechsukum and Arunporn Itharat 1921 

 

Continued inside backcover 




