PRODUCTION OF ANTICANCER DRUG PODOPHYLLOTOXIN

BY PLANT CELL CULTIVATION OF Podophyllum hexandrum

By

SAURABH CHATTOPADHYAY

Department of Biochemical Engineering & Biotechnology

Thesis submitted

in fulfillment of the requirements of the degree of

Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY - DELHI

FEBRUARY 2002






9

©

Dedicated to

my beloved parents

to whom I am indebted for what I am

J




Certificate

This is to certify that the thesis entitled “Production of anticancer drug
podophyllotoxin by plant cell cultivation of Podophyllum hexandrum’, being
submitted by Mr. Saurabh Chattopadhyay to the Indian Institute of Technology
— Delhi, for the award of the degree of “Doctor of Philosophy” is a record of the
bonafide research carried out by him, which has been prepared under our
supervision in conformity with rules and regulations of the “Indian Institute of
Technology — Delhi”. The research reports and results presented in the thesis have

not been submitted for any degree or diploma in any other University or Institute.

St e

Dr. A. K. Srivastava Prof. V. S. Bisaria



Acknowledgements

I take this opportunity to express my deep sense of gratitude to my research supervisors
Prof. V.S. Bisaria and Or. A.K, Srivastava. It has been my proud privilege to work,
under their esteemed supervision. I am very much grateful to them for their timely
advice, valuable suggestions, deep insight into the problems, foresight, patience,
professional acumen, a fine sense of perfection and continuous encouragement without
which it would not have been able possible for me to present my work_in a successful
manner.

I am thankful to my Research Committee members: Prof. G.®. Agarwal, ®rof. Saroj
Mishra and Dr. A.K, Panda (National Institute of Immunology, New Delki) for their
valuable suggestions and critical comments during the course of my work, I would like
to extend my deep sense of gratitude to Prof. S.S. Bhiojwani, Department of Botany,
Unuversity of Delki for his expert advice during the entire period of my worR,

I would likg to specially acknowledge Prof. G.P. Agarwal, Head, DBEB for providing
all the facilities throughout my tesearch work, I am also thankful to afl the faculty
members of the department for their keen interest and suggestions. It is my pleasure to
acknowledge Or. A.K, Panda for useful suggestions, constant support and Reen interest
in my research. I also thank, him for providing the tumor cefl line and facilities for
testing of biological activity of podophyllotoxin in his laboratory. I would Gke to thank,
Dr. @.8. Ahuja, Director, Institute of Himalayan Bioresource Technology, Palampur for
providing seeds of ®. hexandrum. I also thank Prof. B.M. Singh and Or. T.R, Sharma,
Biotechnology Centre, H.®. Krishi Vishvavidyalaya, Palampur for useful suggestions.

I thank Mr. V.K, Ghosh for his technical kelp in generating the microphotographs. I
also acknowledge the help provided by Mr. MuResh Anand for sofving the problems
related to HPLC. I sincerely thank Mr. Didar Mal, Ms. Neera Verma, Ms. Sunita
Verma, Ms. Meena Mathur, Mr. S.K, Khurana, Mr. ©.V, Sharma, Mr. S.®. Rana, Mr.



JA. Khan and Mr. Babu Lal for their help. The assistance rendered by Harinder,
Ranbir, and Meherchand is also appreciated.

I am indebted to Dr. Rajendra Mehra, Gautam, Vandana, Vijayendran, Giridhar,
Arup, Tushar, Aloke, Shaunak, Sankha, Dipayan, Ranjana, Rupak, Subai, Dr. Vibhor
Saraswat, Yuktt, Malini, Keyur, Gunjan, Kadambari, Preeti, Rjtu Sareen, Vishal
Mausam and Dhananjay for their constant support throughout the course of my work,
I thank, Dr. Sunita Farkya for carefully checking the final draft of the thesis. I am
thankful to Ms. Rakhi and Ms. Nidhi of Department of Botany, University of Delh,
Delhi and Mr. Kumaran of National Institute of Immunology, New Delhi for their
help in teaching me the experimental techniques of plant cell culture and animal cell
culture, respectively. I also appreciate the excellent cooperation by Swapan Patra, for
solving all computer related problems. Rjtu, you have been a constant source of
encouragement, enthusiasm and support in the toughest phases of my work, I
wholefeartedly thank you for your excellent cooperation.

I fail to express in words the support of my parents and brother who took care of almost
everything that helped me concentrate in my research work, Without their constant
emotional support, it would have been impossible for me to arrive at this stage. I also
like to express my gratitude to Sefjethu for showering me with lot of affection and love
throughout my life.

Saurabh Chattopadhyay



ABSTRACT

Plant cell culture is the most viable alternative to the whole plant cultivation for
production of valuable pharmacologically active substances. Podophyllum hexandrum, an
Indian medicinal plant, which grows in the Northern Himalayan region, produces an
important medicinal compound podophyllotoxin. Podophyllotoxin is the raw material for
the production of anticancer drugs, etoposide and teniposide. Currently podophyllotoxin
is isolated by solvent extraction of the rhizomes of P. hexandrum, which has already been
declared as ‘an endangered plant species’ from the Himalayan region. Therefore, mass
propagation of P. hexandrum by means of tissue culture could provide an alternative
route for the production of podophyllotoxin.

The seeds of P. hexandrum were germinated under in vitro conditions and the callus
cultures were initiated from the root explants of the germinated seedlings. The suspension
cultures were developed from the established callus tissue. Initiation of suspension
cultures were associated with various problems viz. clumping of cells, browning of media
and drop in pH. These were addressed by application of pectinase and
polyvinylpyrrollidone in the culture medium. Glucose was found to be a better carbon
source than sucrose for cell growth and podophyllotoxin production. P. hAexandrum was
cultivated in 3 1 stirred tank bioreactor under low-shear conditions in the dark. The
culture and environmental parameters were optimized by statistical tools for the
improvement of podophyllotoxin production. Six parameters (indole-3-acetic acid,
ammonium:nitrate ratio, phosphate, glucose, inoculum and initial pH) were identified to

screen the most significant parameters by Plackett-Burman design. Among these, four




parameters (glucose, moculum, indole-3-acetic acid and initial pH) were selected to
determine their optimum levels by Response Surface Methodology using Central
Composite Design. The statistically optimized culture conditions (inoculum: 8 g/l,
glucose: 72 g/l, IAA: 1.25 mg/l and initial pH: 6.0) were used to cultivate the cells of P.
hexandrum in 3 1 stirred tank bioreactor using a low-shear setric impeller. Medium
conductivity and on-line NADH fluorescence were correlated with cellular growth during
the cultivation of P. hexandrum in shake flask and bioreactor, respectively. Different
modes of cultivation (batch, fed-batch, continuous) of P. hexandrum were conducted for
the production of podophyllotoxin. A mathematical model was developed by using the
batch kinetics data and it was extrapolated to identify suitable feeding strategies for fed-
batch and continuous cultivation with cell retention. A maximum of 48 g/l biomass and
43.2 mg/l podophyllotoxin were achieved by fed-batch cultivation of P. hexandrum in 60
d. The productivity was enhanced by 30% by fed-batch cultivation of P. hexandrum over
the batch cultivation. An improvement in cell growth (53 g/l) and podophyllotoxin
production (48.8 mg/l) was observed when P. hexandrum was cultivated in continuous
mode with cell retention device. The in vitro produced podophyllotoxin was found to
exhibit cytotoxic activity against human breast cancer cell line (MCF-7) and the ICs of
the compound was found to be 1 nM, when added at the beginning of the growth of the

tumor cells.
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