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The research was started by developing the micropropagation regimes, using different 

sources of explants which were collectedfrom the nursery of International Center for 

Chemical and Biological Sciences (ICCBS), University of Karachi.

In vitro protocols of the Anthurium andreanum, Furcraea foetida, Peganum harmala and 

Olea europaea were established for the development of plant cell culture and 

biotransformation studies. Numbers of experiments were designed with different 

concentrations of auxins and cytokinins ratio to achieve maximum number of in vitro 

plants. 

Various classes of terpenes have been used as a substrates for biotransformation studies 

by using above mentioned plant cell cultures from which seven compounds i.e. ambrox, 

(+) and (-) isopinocampheol, sclareol, artesunate, and podocarpic acid and cedrol have 

transformed and twenty one (21) compounds were isolated. Eighteen isolated compounds 

were already known and three were found to be new. Though most of these known 

compounds have been produced synthetically or bioconverted from fungus previously, 

but not through plant cell suspension cultures. Biotransformed products were also 

subjected to biological activities.

In vitro propagation of plants:

Anthurium andreanum, initiation was studied using mid, proximal and distal end of 

young leaves on full, half and ¾ strength MS media by reducing only the macro nutrients.

Initiation and development from embryogenic mass derived from leaf explants of 

Anthurium andreanum were conducted. Embryos showed a sequence of developmental 

SUMMARY
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patterns from globular to heart and finally cotyledon stages. Only BAP 1 mg/L and 2, 4-

D 0.1 mg/L combination with ¾ strength MS was found to be the best for somatic 

embryogenesis usingmid and distal region of the leaf. Shoot multiplication was observed 

best on MS medium supplemented with BAP 1 mg/L and Kinetin 1mg/L. Optimal 

number of rooting was obtained on simple MS medium without any Plant Growth 

Regulator (PGR). The regenerated plants were shifted to a greenhouse for 

acclimatization, coconut husk and charcoal (1:1) presented the best result for 

acclimatization of Anthurium. 

Friable callus of A. andreanum was established on ½ MS (Murashige & Skoog 1962) 

medium with BAP (1mg/L) and 2, 4-D (0.5 mg/L).

Furcraea foetida was established by a rapid and efficient protocol for micropropagation 

and transformation. F. foetida showed best shooting and multiplication at MS medium 

containing BAP 1.5 mg /L. Successful rooting was induced on MS medium without any 

PGR. No successful callus induction protocol was established, so biotransformation 

studies were not performed. 

Peganum harmala (Harmal) was initiated for establishment of callus induction required 

for the biotransformation studies. Out of 24 combinations, best combination of the PGR’s 

with MS medium observed for the cell suspension culture was 0.1 mg/L BAP and 

1mg/L NAA, having callus with friable granular texture in all replicates.

Similarly, Olea europaea (Olives) cultures were established using different 

concentrations of the PGR’s were used as for the induction of callus. Out of 50 

combinations of PGRs, best combination observed for the cell suspension culture 

preparation for biotransformation studies was 1.0 mg/L BAP and 0.1 mg/L 2-4, D, 

having off- white callus with friable granular texture in all replicates. This callus was 
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transferred into the liquid medium for the establishment of cell suspension culture for the 

biotransformational studies. 

In order to seek different metabolites of a given compounds (terpenes); cell suspension 

cultures were used. In this connection, biotransformation of ()-ambrox (1) was achieved 

first time by  plant cell suspension cultures of Peganum harmala, which yielded 

oxygenated products, 3-hydroxyambrox (2),6-hydroxyambrox (3),1-hydroxy-

3oxoambrox (4), 1,3-dihydroxyambrox (5), 13,14,15,16-tetranorlabdane-3-oxo-8,12-

diol (6), 3-oxoambrox (7), 2-hydroxyambrox (8), 3-hydroxysclareolide (9), and 2,3-

dihydroxyambrox (10). Metabolite 4 was found to be novel compound. These metabolites 

were structurally characterized on the basis of spectroscopic studies.
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Likewise biotransformation of (+) and (-) isopinocampheols by Peganum harmala was 

investigated. Incubation of (+)-isopinocampheol (11) with P. harmala cell suspension 

culture produced a novel metabolite 17, along with four known metabolites 13-16. The 

metabolites were characterized as (1S,2S,3S,5S)-pinane-3,5-diol (13), (1R,2R,3S,5S)-

pinane-1,5-diol (14), (1S,2S,3S,5R)-pinane-3,9-diol (15), (1R,2R,5S)-2,5-dihydroxy-

pinane-3-one (16), and a novel transform (3S, 4S)-2-(2’-hydroxy-2’-methyl-propyl)-3-

methyl-cyclopenetene-4-ol (17), on the basis of extensive spectral analysis. On the other 

hand (-)-isopinocampheol (12) did not show transformation by P. harmala and O. 

europaea.

Podocarpic acid (18) was subjected to biotransformation process employing cell 

suspension culture of Olea europaea. Both of these entities (cell culture and substrate) 

were used for the first time with each other. Biotransformation of podocarpic acid (18) by 

cell suspension culture of Olea europaea yielded compounds methyl podocarpate (19) 
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podocarpic acid acetate (20) and 6α, 7α-epoxy podocarpic acid (21). Metabolite 21was 

deduced as a novel metabolite on the basis of spectroscopic techniques.

H

OH

O

O

HOH

OCH3

O

HO H

O

O

O

HO

19 20 21

When Sclareol (22) was incubated with rapidly growing cell suspension cultures of 

Peganum harmala, it afforded two known compounds 3-keto sclareol (23) and 3β-

hyrdroxysclareol (24), but this is a new route for these biotransformed products. These 

compounds have not been acquired using this plant cell suspension culture.
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O H

O

H

H O

O H

H O

H

H
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It was observed that when artesunate (25) was incubated with Olea europaea cell 

suspension culture for 15 days, it produced a known metabolite, artemisinin (26) 
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In a similar manner, cedrol (27) was subjected to biotransformation process employing 

cell suspension culture of Peganum harmala. Both of these entities were being used for 

the first with each otherand yielded a compound 3β hydroxycedrol (28).
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1 3 1 4
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Furthermore experiments were also conducted with other terpenes using plant cell 

suspension cultures that did not yield any transformation
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خالصہ
  

کے nurseryکے   International Center for Chemical and Biological Sciencesتحقیقیہ 
) بالیدگی( طرز  کی نشو و نما تولیدیخرد مختلف ذرائع سے جمع شده  بافت  استعمال کرتے ہوئے،

  سے شروع کی گئی۔ 
  

Anthurium andreanum ،Furcrea foetida ،Peganum harmalaاورOlea europeae کے
  .کیاکی ترویج کے لئے قائم کے مطالعہحیاتی منتقلی جاج طرز پر نباتاتی خلیئوں کی پرورش اوردرز

   cytokininsاور auxinsدرز جاج  میں  پودوں کی زیاده سے زیاده تعداد حاصل کرنے کے لئے
  تناسب کے مختلف ارتکاز کے ساتھ کئی تجربات کئے گئے ۔

  
، isopinocampheol،Ambrox،Sclareol ،Artesunate (-)& (+)سیڈرول زیر خامرےسات

Podocarpic acidاورcedrol٢١(کے  ترپینیںاورئےگئےلئےاستعمالککے حیاتی منتقلی (
ن یاورتمجرد شنا سا  سیان۔ الگتھلگتھےہ مندرجہ باال نباتاتی خلیائی کشت عیذربےمرکباتدرجونسمختلف

حیاتی کیطور پر یا  سابقہ پھُپھُوندی ی مرکبات مصنوعشنا سانئے پائے گئے ۔ باوجودیکہ اکژ مرکبات
حیاتی منتقلی کچھیں۔ہکی  بدولت نائی کشت التوائی نباتاتی خلی،  مگر پیدا کئے سے تبدیلی  

کے تحت تھے۔                                                                                                                  وںیسرگرمیاتیاتیمصنوعاتح
  

:تولیددرز جاج میں یپودوں ک
Anthurium andreanum کی شروعات  کا مطالعہ نوخیز  پتیوں پر وسط،  قریبی اور بعیدی حد

کی مکمل، نصف اور تین چوتھائی طاقت کا تجزیہ ) شاَمہ میان(استعمال کرتے ہوئے ایم ایس میڈیا  
جزیہ ت)ینسیجیات(کا خورد بینی جنین  ر غذائی اجزاء کو کم کرکے کیا گیا۔ جسمی بیصرف ک

ماس سے نشوونما      cinegoyrbmeکی پتی  کی بافتیات سے اخذ کی گئ Anthurium andreanuاور
نمونے، کروی سے دل اور حتمی  یافزائشینے ایک ہی تسلسل  soyrbme citemosسر انجام دیا۔   

  D-2,4ڈی ۔۴، ٢ملی گرام فی  لیٹر اور ١  BAPکھا۔صرف  بی ۔اے۔پی یبرگ تخم کے مراحل کو د
ٹر  ایم ایس کی  تین چوتھائی طاقت     کا  مجموعہ جسمی عمِل تَخلیق پتی کے ملی گرام فی  لی٠٫١

بعیدی  خطے  کے لئے  بہترین پایا گیا تھا۔کونپل  کی حالِت افزایش کا ایم ایس میڈیم  درمیانی اور 
ملی گرام فی  لیٹر  کے ساتھ بہترین ١ Kinetinملی گرام فی  لیٹر  اور ١ BAPبی۔اے۔پی)وسیلۂ(
میڈیم میں بغیر نبات نمو ضوابط کے زیاده سے زیاده تعداد میں جٹریں  MSشاہده  کیا گیا۔ ساده ایم ایس م

میں ہَم آہَنگی کے لئے منتقل ) گرین ہاؤس(حاصل کیں  ۔ دوباره پیدا کئے گئے  نباتیات   خضرا خانہ 
  ۔کے لئے بہترین نتیجہ دیا نے اینتھوِریَم کی ہَم آہَنگی )  ١:١(کوئلہاور  خول کئے گئے، ناریل 

  
کی munaerdna muirAnthuکے لئ یبنیاد تحریض کcallusکے لئےحیاتی منتقلی کے  مطالعے

ایم ایس کے لئے  بہترین امتزاجالتوائی نباتاتی خلیہکا  ) PGR(نبات نمو ضوابطی ۔ تھشروعات کی 
دیکھا گیا  ) D-2,4(ملی گرام ۵٠٫اور) BAP(ملی گرام فی  لیٹر١کے ساتھ میڈیم تین چوتھائی طاقت 

.تھا
  

 Furcreaeکے ذریعے  )protocol(طرز عمل ایک تیز رفتار اور موثر کے لئےاور تبدیلی تولیدیخرد 
foetida۔کوبنایاF. foetidaBAP١٫۵ایم ایس پر مشتململی گرام فی  لیٹرMS    وسیلۂ (میڈیم (

کے نبات نمو ضوابطکسی بھیپر  ) وسیلۂ (ایم ایس میڈیم  دی۔ افزایشاور حالتِ بہترینکونپل  کیسے
جٹریں  دیں۔حوصلہ افزائیکے PGR)پی۔جی۔آر(بغیر
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کی )  ہرمل(Peganum harmalaکے لئےیبنیاد تحریض کcallusکے لئےحیاتی منتقلی کے  مطالعے
امتزاجالتوائی نباتاتی بہترینکا  ) PGR(نبات نمو ضوابطمجموعوں میں سے ، ٢۴ی ۔تھشروعات کی 

دیکھا ) NAA(ملی گرام١اور  ) BAP(ملی گرام فی  لیٹر٠٫١کے ساتھ ایم ایس میڈیم کے لئے  خلیہ
تھے                                                                                 callusساتھ کےخستہ دانے دار ساختگیا  تھا۔ تمام نقول  میں 

  
 Oleaاستعمال کرتے ہوئے) PGR(نبات نمو ضوابطارتکاز کے لئے مختلفCallusیتونزاسی طرح

europaea)(طرز عمل )یتونزprotocol( نبات نمو ضوابطبنائی گئی۔)پی۔جی۔ٓار(PGR ۵٠کے  
ملی گرام فی  ١٫٠  حیاتی منتقلی کے   مطالعہ   میںے تیاری کے لئکی التوائی نباتاتی خلیہونمیں  امتزاج

کا  مشاہده بہترین امتزاجکے    ملی گرام فی  لیٹر٠٫١  D-2,4،   ڈی۴۔٢اور  BAP)بی۔اے۔پی(لیٹر
ان  خلیئوں کو  جب۔ تھےCallusساتھکےخستہ دانے دار ساختتمام نقول  میںآف وائٹ کیا تھا۔ ،   

طرز عمل اچھےالتوائیمائع  میڈیم  میں منتقل کیا    اس نے بہ آسانی منتشر ہوتے ہوئے  
کے لیے بنانے کے لیے مزید التوائی نباتاتی خلیہ حیاتی منتقلی کے   مطالعےاور یہ ئےبنا)پروٹوکول(

ہوئے ۔ استعمال 
  

 P.harmala،Oleaبذریعہ   کے  گئے   وه اکثرمرکباتاستعماللئے جوحیاتی منتقلی کے  مطالعے کے
europea۔  تیار کئے گئےطور )  تالیفی(مصنوعیپر ) پروٹوکول(طرز عمل ائیالتوائی نباتاتی خلی  

  
کا التوائی نباتاتی خلیہپر ) terpenes(مرکبدیئے ہوئے مختلف میٹاباالٹیس کی تالش کے لیے ایک 

 Peganumبذریعہ حیاتی منتقلیکی  )١(کس امبرو۔)منفی(پہلی باراس ضمن میں ، ۔استعمال کیا گیا
harmala )کی ،   جس  نے حاصلالتوائی نباتاتی خلیہکے) ہرملoxygenatedپیدا  کیئے،   مرکبات

Hydroxy ambrox۔β3 ٢(۔(،hydroxyl ambrox۔β6 ۔)٣(   ،hydroxy 3. Oxoambrox۔α1 ۔
)۴(  ،hydroxyl ambroxβ3۔α1)۵(،,14,15,16-tetranorlabdane-3-oxo-8,12-diol)۶( ،3-

oxoambrox)٧( ،2-hydroxyambrox)٨(،3-hydroxysclareolide )2،   اور  )٩,3-
dihydroxyambrox)طیف بینی مطالعے کی دریافت  ہوا۔ ۴ٹئالومیٹابمرکب نیا ۔   )  ١خاکہ()١٠

  تھے ۔کےخصوصیت ساخت سی  metabolitesیہ بنیاد پر
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s  
کی کیمیائی ساخت  ١٠تا  ١مرکبات :١خاکہ 

  
 isopinocampheol۔)منفی(۔ اور )مثبت( Peganum harmalaسے) ہرمل(نباتات ہرماال اسی طرح 

التوائی کو )١١( isopinocampherolپی ۔ہر مل  کے ساتھمثبت۔کی تحقیقات کی گئیں ۔حیاتی منتقلیکی
دوسری ۔ پیدا کیا١۶تا  ١٣چار مشہور میٹاباالٹیس،   metabolite١٧نیاسینہ کر ایک نباتاتی خلیہ

وسیع نہیں کی ۔ ظاہر سے  منتقلی harmalaPپی ۔ہر مل  )١٢(نے Isopnocampheol) منفی(جانب
-Pinane۔ )S5 ،S3 ،R2 ،R1(،   )١٣(Pinane-3,5-diol۔ )S5 ،S3 ،S2 ،S1(کی بنیاد پرطیف بینی 
1,5-diol)١۴(،)R5 ،S3 ،S2 ،S1( ۔Pinane-3,9-diol)١۵(  ،)S5 ،R2 ،R1(٢۔ ،dihydro 

pinane-3-one)١۶(  3ناول کی ہیئت، اور ایکS, 4S)-2-(2’-hydroxy-2’-methyl-propyl)-3-
methyl-cyclopenetene-4-ol)۔               )٢خاکہ(جیسی تھیںمیٹاباالٹیس ت  کی خصوصی)١٧  
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کے  کیمیائی ساخت١٧تا ١١مرکبات    :٢خاکہ 
  

Olea europaea تحت حیاتی منتقلی کے   طرز عمل کاPodocarpic acid )یہ تھا ۔ )١٨
جا ئےاستعمال کایک دسرے  کے لئےسب سے پہلے) نباتاتی خلیہ اور زیر خامره(موجودات دونون

Olea europaea)١٨(اور podocarpic acidحیاتی منتقلی کاسے التوائی نباتاتی خلیہے ۔تھےرہ
-6α,7αاور )٢٠(Podocarpic acid acetate، )١٩(methyl podocarpateمرکباتسےپیدا

epoxypodocarpic acid)ر نکال۔ پکے طورناولٹئالومیٹابطیف بینی تراکیب کی بنیاد پر ایک )٢١  
  

H

O H

O

O

H OH

O C H 3

O

H O H

O

O

O

H O

1 9 2 0 2 1  
کے  کیمیائی ساخت٢١تا ١٨مرکبات    :٣خاکہ 

التوائی نباتاتی ے کPeganum harmalaنمو  پاتے ہوئے بہت تیزی سے کو  )٢٢(  Sclareolجب 
-3βاور  ketosclareol-3)٢٣(دو معروف مرکبات اس نےسینہ  گیا  ،  کے ساتھخلیہ hydroxy 

sclereol)٢۴(   ،التوائی مرکباتہے۔ یہ ایک نیا راستہکا کی مصنوعاتحیاتی منتقلیانلیکن یہدئیے
ئے ۔ گئےکا استعمال کرتے ہوئےحاصلنہیں کنباتاتی خلیہ
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H O

O H

O
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H O

O H

H O

H

H

2 3 2 4  
کے  کیمیائی ساخت  ٢٢تا      ٢٣مرکبات    :۴خاکہ 

  

طرز عمل خلیائی   Olea europaeaالتوائیکو  )٢۵( Artesunateجب کہگیا یہ مشاہده کیا 
۔                                پیدا کیا )٢۶(artemisininمیٹاباالٹسینہ  گیا ،  اس نے دن  کے لئے١۵کے ساتھ )پروٹوکول(

O

O

H

H
H

O
O

O

2 6  
  

  کیمیائی ساخت  کی٢۶مرکب    :۵خاکہ 
  

التوائی نباتاتی کی  Peganum harmala)ہرمل(عمل حیاتی منتقلی کے تحت )٢٧( cedrolاسی طرح،
ےجا رہئےاستعمال کیک دسرے  کے لئےسب سے  موجودات دونوں یہ ۔۔ تھاہوااستعمال مینخلیہ

  ۔ نکال)٢٨(hydroxycedrol β3ے اور  ایک مرکبتھ
  

H

O H
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2 8

  کیمیائی ساخت  کی٢٨مرکب    :۶خاکہ 
  

کے ساتھ تجرباتکئے terpenesاستعمال کرتے ہوئے دیگرطرز عمل التوائی نباتاتی خلیہزید برآنم
جس نے  منتقلی پیدا نہ کی۔گئے
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1.0. INTRODUCTION
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Biotechnology is the method of applying organic processes, living systems, and 

organisms to make useful goods that are meant to ameliorate the quality of human life. In 

last few years, biotechnology has flourished in erudition, scope, and pertinence 

(Linsenmeier and Gatchell, 2008).

Biotechnology is a recently developed sphere of research involving new techniques that 

have arisen out of interdisciplinary interaction and contains genetic engineering, 

immobilization of biocatalytic systems, cultivation of animal, plant and microbial cells, 

development of fused cell techniques and bioengineering process and system. It is the 

booster of scientific knowledge into the manufacturing processes by which marketable 

goods are made out of biological phenomenon. It involves the study of methods by which 

living (plant, animal, microbial) resources can be adapted to generate industrial processes 

and novel specimens for use in agriculture, forestry, horticultural, medicine, health, and 

environment (Singh, 2003).

The biotechnology usually includes building the methods of controlling the biological 

processes that the scale of their production qualify and allow for the economical 

industrial production i.e. phytoproduction (Ulbrich, 1986) or the process of obtaining the 

living material which can be applied in agriculture, industry and forestry, besides 

utilizing in breeding and gardening i.e. plant breeding (Thorpe, 1981).Biotechnology 

always deals with reactions of biological nature. These reactions are executed either by 

living microbial cells or plant and animal cells and their tissues, or by enzymes from cells 

or part of cells. The production of biomass from the organism or parts of organisms 

mentioned is also an area of biotechnology (Prave et al., 2004).

The discipline of biotechnology is divided into sub-disciplines namely green, white, blue 

and red. White biotechnology, which is also referred as gray bio-technology, implies 

industrial methods for manufacturing new chemicals or developing modern and new 
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fuels for vehicles. Green biotechnology involves agricultural processes such as 

preparation of pest resilient grains or stimulated the development of disease-resistant 

animals. Red biotechnology necessitates the medical procedures like exploiting the 

organisms to make novel medicines, or utilizing stem cells to restore injured human 

tissues and possibly develop complete organs. Blue biotechnology covers actions 

involving aquatic and marine environs, like checking the production of toxic water-borne 

organisms (Linsenmeier and Gatchell, 2008). This study deals with plant biotechnology 

and techniques used durinh these studies are biotransformation and plant tissue culture. 

We will elaborate these phenomena in detail. 

1.1. Biotransformation

2. Biotransformation is a process through which modifications of the functional groups of 

organic compounds are done by living cells (Veeresham, 2004).

It can be defined as chemical reactions carried out by cells, organs or enzymes. In case of 

plants, mainly enzymes are biocatalysts which increase the speed response rate in the 

same way like chemical substances. The high specificity is the main factor by which 

biocatalysts are differentiated from common chemical catalysts. Moreover, under minor 

reaction conditions, high reaction rates are obtained due to a major reduction of chemical 

reactions activation energy in the substrate/enzyme complex (Leuenberger, 1990). 

Liu and Yu in 2010 reported that progressive utilization of Biotransformation has led to 

the creation of notable therapeutic compounds by doing “what nature hasn't done yet”.

Biotransformation leads to alter chemical structure and hence alter the activity of the 

biotransformed compound; only if the activity and structure are positively correlated 

(Leuenberger, 1990). Basically, biotransformation is bio-degradations where complex 

constituents are split into simple ones and has immense potential to develop innovative 
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and identified products (Giri et al, 2001). The synthesis of valuable oligosaccharides can 

be measured in ranges of milligram scale up to multi-ton scale for chemicals in bulk 

amount, by utilizing isolated enzymes or whole cells.

To date, through plant cells biotransformation, a large range of compounds comprising 

steroids, aromatics, alkaloids, terpenoids and coumarins have been synthesized, and this 

approach is effective in regiospecific and stereospecific reactions (Suga and Hirata, 1990; 

Giri et al., 2001). 

1.1.1. Conditions for Biotransformation

 The substrate which is to be used for biotransformation has to be incorporated by 

the cell and take to the suitable cellular section or organelle without major 

degradation.

 The product formation rate considerably exceed the rate of its further metabolism

 The non- toxic substance is essential to the cell culture.

The main advantages of biotransformation by plant cells and microbial system are 

summarized in the following:

1.1.2. Reaction specificity

The enzyme’s catalytic function is generally restricted to a single reaction type to yield a 

homogeneous product. This means that by-products or side reactions are not likely to 

occur as long as only one enzyme is participating in a biotransformation.
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1.1.3. Stereospecificity

A complicated, three-dimensional and asymmetric environment, represents the reaction 

site of an enzyme which allows the enzyme to exhibit high selectivity regarding its 

substrate and even to differentiate among various stereo chemical configurations of 

substrate molecules, e.g. among the enantiomers of a racemic substrate. Hence, enzymes 

have capacity of resolving racemates by converting entirely or at least specially one of 

the current enantiomers.  If on the other hand, if an enzyme reaction generates a new 

center of asymmetry, the stereo chemical configuration of the substituent will generally 

direct in a way that only one of the likely enantiomers is created, hence the product is 

optically active.

1.1.4. Regiospecificity

Generally, an enzyme can attacks its substrate specifically, with regard to the specific 

position where the reaction occurs. This remains true even though several groups of 

equal or alike reactivity exist in the substrate molecule. In a recent report, there is a 

production of bis-eugenol by biotransformation of eugenol using plant cell culture of 

Kalopanax pictus (Kim et al., 2012).

1.1.5. Mild reaction conditions

The activation energy is considerably dropped by enzyme/substrate interactions. Thus, 

enzymes exhibit excessive catalytic activities even under the conditions of mild response, 

i.e. in aqueous media at temperatures below 40°C, pH values near neutrality and normal 

pressure.

Cell suspension culture is used to give homogeneity and a higher efficiency of 

propagation of cultured cells in comparison with solidified media callus culture (Ibaraki 
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and Kenji, 2001). Cell suspension culture has high instant possibilities for industrial 

application due to the extensive expertise to treat the sub-merged microbial cultures 

(Kieran et al., 1997). The maintenance and appraisal of cell quality is essential in these 

cultures if the cells are to retain desirable properties (Ibaraki et al., 1998).

1.1.6. Biotransformations using plant cells cultures

Plants are the source of important products and certain significant basic materials 

including wood, rubber and cellulose.Plant cell cultures reveal enormous biochemical 

possibilities for secondary metabolite productionand such cultures can have a capacity to 

convert the exogenous substrates into products of importance. The cultured cells can 

convert particularly inexpensive and abundant substrates into extraordinary and exclusive 

substances (Ishihara et al., 2003).

Following are the benefits of utilizing the cultured cells of plants as biocatalysts:

 Plant cells cultured material which has developed in the laboratory is consistent 

and can be reproducible throughout the year.

 High amount of the required products can be achieved by the cultured cells.

 Shorten the growth cycles (2- 3 weeks), can facilities new experiments by using 

plant source. 

In 1999, Franssen and Walton reported that in biotransformation reactions, the 

compounds modified by plant enzymes are naturally diversified. They consist of an 

aromatic, alkaloid, steroid, lignan, coumarin, terpenoid and other molecular species. In 

plant metabolism, it is not essential for the compounds to be intermediates in nature. 

According to Pras and his coworkers (1995), the synthetic source can also be used as 

substrates. The synthetic source can also be used as substrates (Pras et al., 1995).  Novel 
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chemicals are produced by bioconversion systems of plants or in assembling with organic 

synthesis (Berlin et al., 1989).

Plant cells and their enzymes used in biotransformation have vast potential for the 

production of pharmaceutical importance. New drugs production can be achieved by 

plant enzyme biocatalysts for enhancing the bioactivity spectrum of accessible drugs, it 

can also be improved in the substrate by adding hydrophilic moieties and the remedial 

action can be expanded by presentation of defensive groups. The drug constancy can be 

prolonged and after effects of drugs can be minimized by remodeling the parent molecule 

(Giri et al., 2001).

There are various multiple factors responsible for the bioconversion process in plant cells 

and organs, which is dependent together with the solubility of precedes, the availability 

of enzyme activity volume in culture (Fowler and Stafford, 1992). In 1994, Xiong Tang 

and Suga reported that the capacity of cells can also persuaded by permeabilization, 

elicitation, pH variation and osmotic effects. For better permeabilization, 

dimethylsulphoxide (DMSO) and organic alcohols can also be applied to give support to 

the uptake of substrate and product delivery (Berlin et al., 1989).

The stereo-chemistry and types of responses in the biotransformation contemplate the 

operational batch in the substrates and the constructural components in surrounding of 

the operational batch. Consequently, the biotransformations performed through plant 

cultured cells are recognized as important instruments for the formational amelioration of 

molecules to provide compounds having valuable properties.

Moreover, the response type’s enantioselectivity, stereospecificity included in the bio-

transformations of the external substrates through cultured cells of plant are epitomized 

as per the chemical response groups as follows: hydroxylation, reduction (of carbonyl 
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group), oxidation (of hydroxyl group), glycosyl conjugation, hydrogenation (of carbon–

carbon double bond), and hydrolysis. Basic information regarding the types of responses, 

stereospecificity and regioselectivity in the biotransformation of external compounds, is 

important for the growth of the biotechnology in utilizing higher plant cells

1.1.7. Plant enzymes biotransformations

A fairly large number of plant enzymes biotransformation indulging several enzymes 

which have been reported. Some of these enzymes are papain (Faber, 2000), 

oxynitrilases or hydroxynitrile lyases(Klempier et al., 1993), Cyclases (Piet et al., 1995., 

Pras et al .,1995), phenoloxidases (Pras et al., 1988, Pras et al., 1990),haloperoxidases 

and chloroperoxidase (Maranon and Huystee, 1994., Manoj et al., 2000), lipoxygenase 

(de Oliveira et al., 1998) cytochromeP450 monoxygenase (Bolwell et al., 1994, Hotze et 

al., 1995, Kraus and Kutchan, 1995., Park et al., 1999). Prenyltransferases, terpene 

synthases and terpene cyclases are enzymes, which amend flavonoids and alkaloids to 

yield products with a specific methylation, produce compounds such as 7-O-

methylaromadendrin and scopolamine (Wessjohann et al., 2013).

1.1.8. Whole cell or isolated enzymes

Whole plant, microorganism or their component and enzymes can be used for 

biotransformation. Both paths have specific requirements and advantages. For 

biotransformation on Industrial scale, using complete cells or isolated enzymes, the 

purity of substrate must be such that no side reaction could occur. There is no 

requirement to purify the enzyme to homogeneity that is essential for biochemical 

characterization. However with increasing purity, many enzymes have shown reduced 

stability (Singh, 1999).
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1.1.8.1. Isolated enzymes Vs. Whole cell catalysis:

Whole Cells Isolated Enzymes

Catalyst is easily obtained in large 
amount.

Supplementary steps required for 
obtaining the specific catalyst.

No stability hitches when using 
multiplying cells

Reaction conditions have a strong 
influence on the stability of catalyst 

Limited activity of volumetric catalyst High volumetric activity of catalyst 
possible.

Multistep processes. Difficulty in multistep processes.

Solution for recycling of cofactor  Cofactor recycling until now only for 
NADH and ATP.

Side reactions can occur. No side reaction occurs.

Substrate product toxicity. Substrate or product might be used to 
control enzyme stability, which can be 
increased by the choice of suitable 
reactor. 

Difficulty of oxygen supply. Non-natural substrate and reaction 
condition can be possible.

In general no co-solvent possible is 
leading to low concentration of 
hydrophobic compounds.

Co-solvents commonly possible, but 
often reducing enzyme stability.

In and out transport of the cell may be 
limited.

Limitations for mass transport are only 
enzymes which are immobilized.
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1.1.9. Reaction types

The biotransformation by plant cell cultures includes reduction, oxidation, esterification, 

methylation, isomerization, methylation, glycosylation and hydrolysis (Ishihara et al., 

2003). In organic synthesis biocatalysis is generally related in preparing the optically 

active compounds with huge stereoselectivity in environmentally responsive 

circumstances. Some of the significant biotransformation types are described below.

1.1.9.1. Hydroxylations

Hydroxylation of 21-O-acetyl-deoxycorticosterone at 2β position has been reported by 

Digitalis lanata (Padua et al., 2012). Novel bio-catalystic method of dihydroartemisinic 

acid and artemisinic acid to their hydroxylated derivatives were explored using the cell 

suspension cultures of Catharanthus roseus and Panax quinquefoliumcrown galls (Zhu et 

al., 2010).

1.1.9.2. Glycosylation

Glycosylation reactions have gained attention due to assistance in the transformation of 

water-insoluble compounds to water-soluble ones. This type of reaction is difficult to 

attain by microorganisms or chemicals. The cultures of plant cells are proficient for 

glucosylating a range of externally included compounds and play a main role in this type 

of reaction.

Glycolysation has been occurred in Menthol by Coleus furskohlii (Li et al., 2003). A 

betanidin glycosyltransferase (BGT) for the first time fully refined and classified from 

red amaranth,Amaranthustricolor. BGT is particular for betanidins than anthocyanidins. 

The indiscrimination in catalysing flavonoids substrates points out the promise of the 

enzyme in glycosylation of varied significant substrates pharmaceutically (Das
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etal.,2013). Cell suspension cultures of Phytolacca americana glucosylated 6- and 7-

hydroxyflavone by the enzyme glucosyltransferases PaGT2 and 3, overexpressed in E. 

coli and purified successfully (Iwakiri et al., 2013).

Enzymatic glycosylation of terpenoids is a useful tool due to the high selectivity and the 

mildness of the reaction conditions in comparison with chemical methods. Several types 

of biocatalysts have been used in the enzymatic glycosylation of terpenoids. Whole-cell 

biotransformation systems are able to modify xenobiotic terpenoid compounds. These 

biological systems carry out the regenerating the cofactor, such as fungi, bacteria, plant-

cell cultures by the use of glycosyltransferases and trans-glycosidases (Rivas et al., 

2013).

1.1.9.3. Oxido-reductions

Regio- and sterio selective reduction is a further notable biotransformation reaction 

revealed by several plant systems. Plant cell cultures may convert alcohols to the 

corresponding ketones. Several enantioselective oxiations observed by cultured cells are 

useful to get chiral compounds. Nicotiana tabacum cell cultures changed 

enantioselectively mono and bicyclic monoterpene alcohols. The differentiated cultured 

cells oxidized enantioselectively between methane-2-ol, bicyclic heptan-2-ol and bicyclo 

heptane-3-ol derivatives (Izumi and Suga, 1988).

1.1.9.4. Hydrolysis 

Enantioselective hydrolysis can be beneficial in case of optical resolution of racemic 

acetates. The bacterial isolate Tsukamurella tyrosinosolvens E105 displayed a high 

enantioselectivity in the direction of the hydrolysis of racemic ethyl 2-(2-oxopyrrolidin-

1-yl)butyrate (Heet al., 2012). Phragmites australis cells are able to biotransform 
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albendazole and flubendazole. Reed cells are able to accept and biotransform 

benzimidazole anthelmintics ABZ and FLU into many metabolites; some of these 

metabolites have not been defined earlier (Podlipná etal., 2013). Regio and 

stereoselective hydroxylation can be achievedby using the ability of cell cultures of 

Spirodela oligorrhiza, Lavandula angustifolia, Papaver somniferum, Epidendrum 

ochraceum, Panax ginseng, N. tabacum, D. cummensii, and Coffea arabica (Ishihara et 

al., 2003).

An efficient biotransformation of phenylacetonitrile to 2-hydroxyphenylacetic acid using 

whole cells of marine fungi cultured in liquid minimal media and supplemented with 

glucose and phenylacetonitrileshowed that the nitrile group was firstly hydrolysed, and 

then, the aromatic ring was oxidized producing 2-hydroxyphenylacetic acid with a 51 % 

isolated yield. The biotransformation of the 4-fluorophenylacetonitrile produced 

exclusively the 4- fluorophenylacetic acid by A. sydowii Ce19 (de Oliveira et al., 2013).

1.1.9.5. Epoxidation 

Epoxidation is significant for the modification of compounds. Xiao and Kondo (2013) 

reported epoxidation of 1-Hydroxychordene using culture of white rot fungus, Phlebia 

acanthocystis TMIC-34875. The biotransformation of sesquiterpenes, curdione and 

curcumol by Cunninghamella elegans AS 3.2028 were reported, resulting in 

stereoselective epoxidation of curcumol led to 10S,14-epoxycurcumol and 10R,14-

epoxycurcumol. Epoxidation also takes place in curdione, generating both (1S, 10S)- and 

(1R,10R)-1,10-epoxycurdione (Zhou et al., 2012). 

A recombinant peroxygenase gene from S. lycopersicum (tomato) is able to oxidize a 

number of unsaturated cis-configurated natural compounds such as fatty acids and 

terpenes to yield a variety of products. The kind of oxidation reaction catalyzed by PXG 
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depends on the molecular structure of the substrate and includes epoxidation, 

hydroxylation and aromatization (Fuchs and Schwab, 2013).

1.1.9.6. Reduction

Reduction of ketones and aldehydes for the analogous alcohols by plant cell cultures has 

been observed. Cell suspension cultures of Raphanus sativus was investigated in 

reduction of acetophenone and its derivatives (Orden et al., 2009). Brassica napus was 

implemented for this type of reaction in diketones (Orden et al., 2006). Under appropriate 

conditions, conversion of acetophenone and its derivatives was achieved using Daucas 

carota which is an effective biocatalyst for the stereoselective reduction of ketones 

(Caron et al., 2005). 

The stereochemistry of the enone decreased reactions (Shimoda and Hirata, 2000). Cell 

culture system of Catharanthus roseuswas used as biocatalyst and produced 

hydroxylated biotransformations at the allylic place of Δ4,5 C–C double bond (Zhu et al., 

2010). Cyanotis arachnoidea, Panex japonicas, Daucus carota, Brassica napus 

cultureswere used as an enzyme system for the biotransformation of different compounds 

and several types of reduction have been occurred (Banerjee et al., 2012).

1.1.9.7. Oxidation

Plant cell culture of Anisodus tanguticus produced different types of biotranformed 

products in this type of reaction using dehydroepiandrosterone as a substrate (Liu et al., 

2004).Cell culture of Levisticum officinalehas also reported for the biotransformed 

products using Geraniol (Nunes et al., 2009).
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1.1.9.8. Nitroreduction

Hughes (1997) and Lucero (!999) with their coworkers reported that  Nitroreduction of 2, 

4, 6-trinitrotoluene (TNT) has been confirmed in biotransformation by plant cell cultures 

of Catharanthus roseus, Datura innoxia, and Myrophyllum plant cell cultures 

transformed Trinitrotoluene (TNT) into Aminodinitrotoulene (ADNT) via nitroreduction.

1.1.10. Biotransformation using immobilized cell culture

Entire cells have the opportunity to execute multistage biotransformation and utilization 

and recycling of essential cofactors and co-enzymes.  Enzymes isolated are sensitive to 

denaturing circumstances that include heat, extreme pH and particular organic solvents. 

Biotransformation reactions can be useful by biocatalysts, which require to besteady and 

recyclable. The reuse of the expensive biocatalyst, continuous process and simplification 

of process control are some of the distinct advantages of using immobilized cells 

(Brodelius and Mosbach, 1982, Panda et al., 1989). Microenvironment can be produced 

by immobilization or snaring of cells that resemble the tissue organized in the complete 

plant resulting in differentiation and secondary metabolites production(Rosevear and 

Lambe, 1985; Williams and Mavituna, 1992).

There are recent reports on use of immobilized cells for biotransformation of sucralose-6-

acetate to sucralose using Bacillus subtilis and Arthrobacter sp. (Chaubey et al., 2013). 

The use of immobilized cells does not affect biotransformation capability; as a matter of 

fact it facilitates biotransformation (Liu et al., 2013, Naoshima et al., 1989). The 

immobilized cells of Luffa cylindrica as an immobilization matrix for Nicotiana tabacum 

showed high biocatalytic activity in bioconversion reactions of exogenous substrates 

(Saab et al., 2013).
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1.1.11. Root Culture

Cell suspension cultures are believed to have excellent biotransformation capacity, 

especially for glycosylation. However, Furuya et al.(1989) have found that the root 

cultures showed higher glycosylation activity than cell culture. Some important features 

of hairy roots have been worked and describe the recent progress in the regeneration of 

plants from A. rhizogenes-derived hairy roots and its applications. These include the use 

of A. rhizogenes as an efficient system to boost rhizogenesis in intractable plant species 

and to create new plant varieties and the use of hairy root cultures and A. rhizogenes-

engineered plants for secondary metabolite production, in phytoremediation and for the 

production of recombinant proteins (i.e. molecular farming) for the healthcare industry 

(Makhzoum et al., 2013).

A well-known biopesticide azadirachtin has been formed in hairy roots of Azadirachta 

indica byAgrobacterium rhizogenes-mediated transformation (Srivastava and Srivastava, 

2012).

Although, in-vitro biotransformation studies using hairy roots are less investigated than 

other plant systems, but their genetic/biochemical stability, hormone-autotrophy, multi-

enzyme biosynthetic potential and relatively low-cost cultural requirements makes them 

as a model system (Banerjee et al., 2012).

1.1.12. Biotransformation and Genetic engineering

Besides all approaches, a more fundamental approach is the transfer of genes that code 

for the key enzymes catalyzing the desired biosynthetic reactions into a fungal or 

bacterial cell because of their ability to produce high amounts of enzymes (Pras et al., 

1995). At present, research is going on to evaluate the human loci involvement in the 
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drug biotransformation (Delser and Fuselli, 2013). An engineered Escherichia coli has 

been used as a host for the NADPH-dependent production of many value-added materials 

and biotransformation of biomass into fatty acids derived fuels (Lee et al., 2013; Yu and 

Khosla, 2012). 

Similarly, Pseudomonas putida has been engineered for biotransformation of toluene into 

4-hydroxybenzoate (4-HBA) as published by Ramos-Gonzalez and his research team in 

2003.Agrobacterium rhizogenes signify a viable substitute for the genetic transformation 

of plant tissue not willingly transformed by A. tumefaciens. However, to be effective as a 

genetic transformation system, the routine regeneration of full plants from hairy root 

cultures is essential. 

1.2. Substrates for Biotransformation

The range of compounds that can serve as substrates for biotransformation reactions by 

plant cells is unlimited. Plant tissue cultures have shown ability for the biotransformation 

of phenylpropanoids (e.g. flavanoids, anthraquinone and tannins), alkaloids and 

mevalonates (e.g. steroids, cardiac glycosides and terpenoids). These reactions may 

produce compounds, which are scarce, and sometimes unknown in nature (Veeresham, 

2004).

1.2.1. Alkaloids 

Alkaloids are a group of chemical compounds that occur naturallyand contain mostly 

basic nitrogen atoms (http://goldbook.iupac.org/). Various alkaloids are toxic to other 

organisms(Manske, 1965). They often have pharmacological effects and are used as 

medications, as recreational drugs. These include cocaine, caffeine, nicotine, anticancer 
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compound vincristine, antihypertension agent reserpine, and many others(Rhoades, 

1979). 

1.2.2. Steroids

Steroids are a type of lipids, characterized by a carbon skeleton with four fused rings. In 

medicine the term “steroid” is commonly used for the corticosteroids, which modulate 

the body’s immune response. They are naturally occurring tetracyclic diterpenoids. 

Different steroids contain functional groups attached to the main skeleton. Cholesterol is 

an important steroid, as a common component of animal cell membrane. Many other 

steroids are synthesized from cholesterol. Also, various hormones including vertebrate 

sex hormones are also biosynthesized starting from cholesterol (Chapman, 1921).

1.2.3. Terpenes – Compounds of interest

Terpenoids include one of the biggest groups of natural products; most of them are of 

plant origin. With more than 40,000 structures of terpenoids which are currently 

recognized, making terpenoids the leading group of natural products (Bohlmann and 

Keeling 2008). Many terpenoids are vital for plant growth, present in almost all plant 

species. The structures of terpenoid compounds normally contain oxygen atoms, such as 

alcohols, aldehydes, ketones, and carboxylic acids. Because of their many different 

structures, the terpenoid groups contain compounds with lots of different physical and 

chemical properties, and often diverse biosynthetic pathways.

Terpenes occur widely in nature; some types like limonene and α-pinene are 

inexpensively available in huge amounts (Langenheim, 1994). Herbs and higher plants 

containing terpenoids and their oxygenated derivatives have been used as fragrances and 

flavors for centuries. Terpenoids exhibit great number of important biological activities, 
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including cancer chemopreventive, antimicrobial, antifungal, antiviral, anti-

hyperglycemic, anti-inflammatory, and anti-parasitic effects (Paduch et al., 2007; Yoo 

and Park 2012; Kuttan et al., 2011; Hortelano 2009; Grassmann 2005; Banno et al., 2006; 

Chen Sun et al., 2003). These compounds are employed in many different applications, 

from medical and pharmaceutical uses to flavoring and scenting food and cosmetics.

A major number of terpenoid compounds are glycosides with the sugars linked to the 

active groups (Dembitsky, 2006; Brandle and Telmer, 2007). In many cases, the 

glycoside group is important for the activity of terpenoids, although in others, 

glycosylation only improves their pharmacokinetic parameters (Kren and Martinkova, 

2001). While terpenoid glycosides are present as natural products, their levels in plant 

extracts are usually limited, showing to an increasing interest in their synthesis (Gauthier 

et al., 2009; Rivas et al., 2013).

Terpenes can be classified by the number of isoprene units in the molecule; a prefix in 

the name indicates the number of terpene units required to assemble the molecule.

Carbon atoms Terpenes class Example Isoprene units

10 Monoterpenes Isopinocampheol 2

15 Sesquiterpenes Ambrox 3

20 Diterpenes Artesunate 4

25 Sesterpenes gernylfarnesol 5

30 Triterpenes Arbruside E 6

40 Carotenoids Lutein 8

>500 Rubber >100
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The biotransformation of terpenes is of great importance as it permits the production of 

enentiomerically natural flavors and fragrances in mild reaction conditions.

1.3. Biotransformationof terpenes using plant cell cultures

Plant Substrate Products Reference

Peganum harmala (-)-Ambrox

3-oxoambrox, 2α-
hydroxyambrox, 3β-
hydroxysclareolide, 

2α,3β-dihydroxyambrox

Musharraf 
et al. (2012)

A. indica Artemether

9α-acetoxy, 10β-
methoxyartemethin-I, 

3α-hydroxy,12β-
methoxyartemethin-III

Musharraf 
et al. (2012)

Averrhoa 
carambola

Dihydro-epi-
deoxyarteann

uin

7α-hydroxy-dihydro-
epi-deoxyarteannuin, 3-
α-hydroxy-dihydro-epi-

deoxyarteannuin B

Li et al. 
(2012)

Picea abies

(1S)-2-
Carene and 

(1S)-3-
Carene

(1S)-2-caren-4-one, 
(1S)-3-caren-5-one

Dvorakova 
et al. (2011)

M. sativa, 
Phaseolus vulgaris, 

Coriandrum 
sativum, Psacalium 
peltatum, Cucumis 

melo, Daucus 
carotam, Prunus 

serotina, 
Mammillaria 

huitzilopochtli, B. 
Ternifolia

Eugenol
Isoeugenol, 

Dihydrodieugenol, 
Dihydroisoeugenol

Hernandez-
Vazquez et 
al. (2011)

A. carambola
Artemisinic 

acid

Artemisinic acid 3-β-O-
β-D-glucopyranoside, 3-

β-hydroxyartemisinic 
acid, 3-β-

hydroxyartemisinic acid  
β-D-glucopyranosyl 

ester

Yang 
(2011)

Glycyrrhiza 
glabra, Lavandula 

officinalis
β-artemether

Tetrahydrofuran actetate 
derivative

Patel et al. 
(2011)

C. roseus, L. Atremisinin Deoxyartemisinin Patel et al. 
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officinalis (2010)

Anethum 
graveolens hairy 

roots

Menthol and 
Geraniol

Menthyl acetate, 
linalool, α-terpineol, 

neral, geranial, 
citronellyl esters, neryl 
and geranyl acetates, 

citronellol, nerol oxides

Faria et al. 
(2009)

Vitis vinifera

β-ionone, 
dehydrovomi

foliol, 
geraniol and 

linalool

Oxygenated, reduced 
and glycosylated 

derivatives

Mathieu et 
al. (2009)

Levisticum 
officinale hairy 

roots

Menthol and 
Geraniol

Nerol, citronellol, neral, 
α-terpineol, linalool, 

geranyl acetate

Nunes et al. 
(2009)

Polygonum 
multiflorum hairy 

roots
Thymol

5-methyl-2-(1-
methylethyl) phenyl-β-

D-glucopyranoside
Yao (2009)

Rheum palmatum
Podophylloto

xin

Picropodophyllotoxin, 
epipodophyllotoxin and 

others

Yang 
(2008)

Ginko biloba Texadienes

2α,5α-diacetoxy-
9α,14β-dihydroxy-10β-

methoxytaxa-
4(20),11(12)-diene, 2α-

acetoxy-5α,14β-
dihydroxy-10β-
methoxytaxa-

4(20),11(12)-diene, 9α-
hydroxy-10β-methoxy-

2α,5α,14β-
triacetoxytaxa-

4(20),11(12)-diene, 
2α,5α,10β-triacetoxy-
3,11-cyclotaxa-4(20)-
en-13-one,2α,5α,10β-

triacetoxy-4β,20-
epoxytaxa-11(12)-en-

13-one, 2α,5α-
diacetoxy-9α-hydroxy-

10β-methoxytaxa-
4(20),11(12)-dien-13-

one

Zou  et al. 
(2008)

Psychotria 
brachyceras and 

Rauvolfia sellowii

(+)- and (-)-
alpha-pinene

(+)- and (-)-verbenone
Perera 
(2007)
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Phytolacca 
americana

Raspberry 
ketone and 
zingerone

Glycosylated derivatives
Shimoda et  
al. (2007)

Hordeum vulgare
Podophylloto

xin
Two derivatives of 
podophyllotoxin

Teng et al. 
(2007)

1.4. Terpenes classification

1.4.1. Monoterpenoids

These comprise of essential oils, which play avital role in food and drug industry in the 

form of flavor and perfumeries. These have been obtained from leaves, flowers and fruits 

for several centuries. They mostly occur as complex and often as isomeric mixture 

difficult to separate but only a few such as camphor occur in a nearly pure form. They are 

small, volatile and lipophillic substances in which around one thousand different 

structures can be identified. They can be synthesized easily by chemical methods. The 

usual starting material is α or β-pinene, which can easily be extracted from natural 

sources. Recently, interest in replacing ‘synthetic’ flavoring substances with the ‘natural’ 

ones has tremendously increased (Schreier, 1989 and Ìmhof et al., 1994). The cell 

cultures do not accumulate monoterpenoids to significant levels. This is because of 

absence of specialized tissues (oil glands) or to rapid break down of monoterpenoids 

following their synthesis in cultures. Biotransformations of a number of monoterpenoids 

have been reported using cell suspension culture of several plant species.

The monoterpene intermediate (-)-(4R)-isopiperitenone is found at the branching point 

directing either to menthol or piperitone in Mentha piperita (Lamiaceae) (Park and Kim 

1998). Cultured cells of Eucalyptus perriniana transform the compounds contained 

within the spices, such as carvacrol, eugenol, and thymol into the related β-glucoside and 

β-gentiobiosides, that accumulate in the cells (Shimoda et al., 2006).
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1.4.2. Sesquiterpenoid

The sesquiterpenoids are biosynthetically made from a C15 precursor, farnesyl 

pyrophosphate, and thus composed of three isoprene units. They co-occur with the 

monoterpenoids in essential oils of plants. They are classified into three main groups 

according to their structures: acyclic (e.g. farnesol), monocyclic (e.g. bisabolol) and 

bicyclic (e.g. β-cadinene). Some are simple unsaturated hydrocarbons (e.g. 

caryophyllene), but most have functional groups such as alcohols (e.g. carotel), ketones 

(e.g. hydroxy isopatchoulenone), or carboxylic acids (e.g. sclerosporin).

The sesquiterpenoid, abscisic acid, which also happens to be a key plant hormone 

controlling growth and development, actually has all three of these functional groups in 

its structure. Sesquiterpenoids generally have pleasant odors, and bitter taste. Optical 

isomerism is regular feature in sesquiterpene family. Microbial transformation for 6 days 

of curcuphenol with Rhizopus arrhizus (ATCC 11145) afforded (S)-curcuphenol-1α-

Dβglucopyranoside (El Sayed et al., 2002). Rhodotorula glutinus (ATCC 15125) gave 

(S)-curcudiol-1α-D-glucopyranoside when incubated for 8 days (El Sayed et al., 

2002).Biotransformation of several sesquiterpenes have been reported by a number of 

plant cell cultures. Curdione was transformed to 1α, 10β-epoxy-11-hydroxyl-curdione 

using Platycodon grandiflorum(Xiao et al., 2005).

1.4.3. Diterpenoids

Diterpenoids are shaped by the inclusion of an isoprene unit to a sesquiterpenoid. The 

diterpenoids are defined by their biosynthetic origin starting from the C20 precursor 

geranylgeraniol. They are derived from four isoprene units. The general precursor for 

diterpenoids is considered to be geranyl pyrophosphate, which is formed by the addition 

of isopentyl pyrophosphate to farnesyl pyrophosphate (Veeresham, 2004). Thus, there 

are bicyclic compounds such as portula, tricyclic compounds such as callicarpone, and 
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tertacyclic structures such as podolide. In addition, there are acyclic compounds 

(geranylgeraniol and phytol), and macrocyclic substances (casbene and neocembrene). 

As similar as the monoterpenoids, series of diterpenoids have been studied for the 

biotransformation using many medicinally important plants.

Antimicrobial, anti-ulcer, and cardiovascular activities are the most representative for 

compounds with an abietane diterpenoid skeleton, while others such us allergenic, 

antiallergic, filmogenic, surfactant, antifeedant activities, have also been reported. Two 

synthetic abietane diterpenes, isotriptophenolide and triptophenolide were incubated with 

the filamentous fungi Cunninghamella echinulata and C. elegans to obtain novel 

analogues of these diterpenes (Milanova et al., 1995).

1.4.4. Triterpenoids

These are abundant in nature, particularly in resins and may occur as either esters or 

glycosides. The triterpennoids (C30) form a very large group of naturally occurring 

substances, widely distributed throughout the plant kingdom. The substances, β-amyrin, 

α-amyrin, and lupeol were correctly formulated in 1937, 1949 and 1951, respectively. 

They are derived essentially from the coupling of two sesquiterpenes (C30) precursor. 

They may be aliphatic, tertacyclic, or pentacyclic.

The pentacyclic triterpene betulinic acid, abundantly available in nature, exhibits a 

variety of biological activities. Microbial transformation of this compound with  cell 

suspension culture of Cunninghamella sp. NRRL 5695 caused the production of a 28-O-

β-D-glucopyranosyl derivative (Chatterjee et al., 1999).
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1.5. Compound used for Biotransformation 

1.5.1. Cedrol

The fragrance ingredient Cedrol is used in fine fragrances, decorative cosmetics, toilet 

soaps, shampoos, and other toiletries along with other non-cosmetic products such as 

household detergents and cleaners.Previously, biotransformaion studies of cedrol have 

been reported by using many microorganisms (Wang et al., 1972; Hanson and Nasir, 

1993; Lamare et al., 1987; Fraga et al., 1996 andMiyazawa et al., 1995). A 

comprehensive transformation of cedrol has also been conducted by Abraham (1987) and 

Matooq (1993) to produce several hydroxyl cedrane derivatives.

1.5.2. Ambrox

()-Ambrox [C16H28O] is a highly fragrant constituent of ambergris from sperm whale. 

During drifting in the sea for numerous years, ambergris is oxidatively decayed due to 

air, sea water and sunlight which yielded several odorous compounds. Among these 

compounds, ()-ambrox has a strong amber-like odor and considerable attention has been 

paid to the total synthesis, as well as the derivatization of ()-ambrox in order to get new 

fragrances. 

1.5.3. Isopino campheol

(+) and (-) Isopinocampheols [C10H18O] are enantiomeric monoterpene alcohols, which 

posses a bridged-bicyclic pinane skeleton. These monoterpenes are the components of 

the essential oils of various plants, such as Tagetes patula, Tanacetum santolinoides and 

Eryngium bourgatii, which posses interesting biological activities like antifungal, 

antibacterial, larvicidal and immunomodulatory activity (Dharmagadda et. al., 2005, 

Shazly et al., 2002, Mikhaeil et al., 2003, Paúl et al., 2005). Biotransformation of (+) and 
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(-)Isopinocampheolswith various fungi and cell cultures of Nicotiana tabacum has been 

reported previously (Abraham 1994, Hamada 1988; Izumi and Suga 1988; Suga et al., 

1983; Miyazawa et al., 1997; Noma et al., 2010) which resulted in hydroxylated, 

esterified and rearranged products.

1.5.4. Sclareol

Sclareol [C20H36O2] is a sweet-smelling chemical compound found in clary sage (Salvia 

sclarea), from where its name is derived. It is classified as a bicyclic diterpene alcohol. It 

is a yellowish-brown colored solid with a sweet, balsamic aroma. Sclareol is utilized as a 

fragrance in cosmetics and perfumes, while in food industry as flavoring. Sclareol and 

other related compounds may be prepared from sclareolide. Sclareol also has ability to 

abolish human leukemic and colon cancer cells by apoptosis (Dimas et al., 1999; Dimas 

et al., 2007). Till now, no biotransformation studies have been done on this compound 

using plant cell cultures.

1.5.5. Podocarpic Acid

Podocarpic acid [C17H22O3] is a natural diterpene obtained from Podocarpus 

dacrydioides, P. cupressinus, Dacrydium cupressinum (sSherwood and Short, 1938; 

Brandt and Thomas, 1952), and Falcatifolium taxoides (Cambie et al., 1984). Podocarpic 

acid is not purely a diterpene, as it lacks the isopropyl side chain (Davis and Watkins, 

1968). Some podocarpic acid analogues have been recently regarded as cytokine release 

inhibitors and as a result lead to the discovery of new anti-inflammatory drugs (He et al., 

1999; Lam et al., 2003) and for the management of atherosclerosis (Jayasuriya et al., 

2005; Liu et al., 2005; Singh et al., 2005; Bennett et al., 2008). Some analogues have 

shown antiviral (Staschke et al., 1998), antitumor (Parish and Miles, 1984), antimicrobial 

(Bauch et al., 1977; Parish et al., 1987), and cytotoxic activities (Zamora et al., 1992; 
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Soederberg et al., 1996). Till now, no biotransformation studies have been done using 

plant cell cultures.

1.5.6. Artesunate

Artesunate [C19H28O8] is a semi-synthetic derived from artemisinin which is water-

soluble and hence may be given by injection. Artesunate is applied mainly as treatment 

for malaria. It has also shown to be >90% effective at reducing egg production in 

Schistosoma haematobium infection (Boulangier et al., 2007). In high transmission 

regions, randomized trials in Asian adults and African children strongly advocate the 

application of artesunate over quinine as the treatment of preference for falciparum

malaria (Seaquamat, 2005; Dondorp et al., 2010). The next section deals with the concept 

of plant tissue culture, which served as a base for biotransformation of bioactive 

compounds.

1.6. Plant tissue culture

Propagation of new plants is a function of both science and an art. The highly specialized 

methodologies applied in micro-propagation permits growers to generate thousands of 

genetically recognizable plants. The Tissue culture technology is fundamentally founded 

on the theory of totipotency. 

1.6.1. Totipotency

Potential of a plant cell to regenerate the entire plant is called totipotency. As the 

potential rests mainly in cellular differentiation, which point out that all genes amenable 

for differentiation are existing within individual cells and most of them which remain 

inactive in differentiated tissues or organs are only able to express under suitable culture 

conditions. 
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1.6.2. Organogenesis

The process in which plants, tissues or cells can be stimulated to form roots or shoots or 

even whole plantlets, or in other words, the formation and development of organs is 

called organogenesis. 

German botanist, Gottlieb Haberlandt (1902) introduced the concept of in-vitro cell 

culture and genetic potential of living cell to regenerate the whole organism; and hence 

called as the father of tissue culture. The most comprehensive and apparent application of 

plant tissue culture is rapid clonal propagation (Murashige, 1974).

The micro-propagation terminology is applied specifically to refer the use of tissue 

culture techniques for the propagation of plants beginning with very small plant parts that 

can grow under controlled environment and nutrition aseptically in a container 

(Hartmann and Kester, 1990; Dixon, 1987; Smith and Drew, 1990). Many horticulturists 

mention this procedure as “tissue culture” or “micro-propagation” interchangeably. 

Orchidologists and others called it as “mericloning” or “meristemming” (Morel, 1960). 

The term in-vitro culture is also used synonymously.

The process of tissue culture or micro-propagation starts with the expurgation of a small 

piece of plant called “explant”, the propagule used to begin the process succeeded by 

sterilization and insertion it into aseptic culture. To confirm successful generation, the 

tissue material need the common growth essentials such as mineral salts, sugar is added 

as a carbon source together with other supplements like vitamins, amino acids, and plant 

growth regulators that delivers nutrient to in-vitro propagated plant, agar or phytagel is 

added to support media for plant material. In the case of culture submerged in liquid 

media, the aeration can be provided by shaking the flask in a reciprocating or rotating 

shaker. It is obligatory to keep sterile environment or aseptic condition for establishing 
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the in-vitro cultures; as the plant material applied has no epidermal layer to safeguard 

against bacterial and fungal contaminants.

Micro-propagation is the process of swiftly multiplying stock plant material to generate a 

huge number of progeny plants, applying latest plant tissue culture techniques; it has a lot 

of benefits over conventional plant propagation methods some of which are:

 Presenting of new varieties in the region.

 Generation of virus free varieties. 

 Huge number of plants in shortest time.

 Generation of various plants that are clones of each other.

 It is relatively quicker, effective and economical.

 Capability to produce remarkable plants that are not duplicable by the process in 

nursery.

 This method is used in eliminating the virus.

 Somatic hybridization, genetic manipulation, and other procedures that are 

beneficial in propagation, plant development, and basic research.

1.6.3. Culture types employed for biotransformation studies

1.6.3.1. Callus culture

The term callus culture was originally derived from the fact that the proliferation of such 

material is induced by injury during the process of excising the explant. Most now agree 

that this is only part of the story since the removal of the explant from the controls 
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imposed upon its tissues by the whole plant and the provision to the explant of 

appropriate nutrients and growth-regulating substances may be equally important to 

proliferation. Some prefer to describe such cultures as tissue cultures since they can be 

derived from different tissues in the parent explant and can differ very markedly from 

one another. 

In either case such cultures always contain both dividing and non-dividing cells and the 

latter may consist of several distinct cell types within the tissue or callus mass. Thus, the 

term tissue or callus culture can be appropriately applied to any culture growing on solid 

medium and consisting of many cells in protoplasmic continuity. It does not imply any 

structural or functional homogeneity of the constituent cells or equivalence with any 

normal plant tissue (Rafaill, 2000).

Callus can be initiated from tissues of higher plants, including plant organs and specific 

tissue types and cells. But callus is more easily established from young meristematic 

material and the choice is much greater for dicotyledonous species. Primary callus forms 

on the original explant and can vary enormously in quantity, color, and friability in 

response to genotype and media used. Callus cultures can be initiated from virtually any 

species. Efficiencies of induction from different plant organs vary, and the selection of 

choice depends upon what characteristics are being sought. Once callus is proliferated, it 

can be maintained as callus and or inoculated to obtain a suspension culture (Spier, 

2000).

1.6.3.2. Cell suspension culture

The term suspension culture is self-explanatory referring to cells and cell aggregates 

growing dispersed in a moving liquid medium. A huge homogenous number of cells 

progressing through a cell division cycle in an organized and synchronized manner 
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present possibly a perfect method in investigating the basic events and controls of the cell 

division cycle in plants. Shoot apices of plants comprise of a population of cells that 

divide in essence, asynchronously. The utilized cell suspension should consist of a 

homogenous population of single cell and should be fairly fast growing for experimental 

ease.

1.6.3.3. Compounds in cell suspension culture: Secondary metabolites

Plants contain the products that support in the growth and development of plants known 

as secondary metabolites, which expedites the primary metabolism in plants. This 

primary metabolism consists of chemical reactions that allow the plant to survive. 

Secondary metabolism plays an important role in keeping all the plants mechanism to 

work properly and in order for the plants to stay healthy. A common role of secondary 

metabolites in plants is defense mechanisms. They aid in resistance against herbivores, 

pests, and pathogens. Secondary metabolites have various biological activities such as 

preventive/ anti-feedant activity, toxicity or act as precursors to physical defense 

systems.

Plant cell cultures are significant substitute source to whole plant for the production of 

high-worth secondary metabolites. The studies and research conducted in the field of 

plant in vitro culture technology has manifested in the production and development of 

numerous pharmaceutical substances for novel therapeutics.

1.7. Nutrients in Plant tissue culture

A substance which provides nourishment and nutrition is called as nutrient. (Tucker, 

1999).There are sixteen elements identified to be categorically important for usual plant 

growth and survival. Most of these are similar as those essential for human beings. 
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Further the sixteen chemical elements are distributed in to two main groups’ mineral 

nutrients and non-mineral nutrients.(Tucker, 1999; Fossard, 2000).

The non-mineral nutrients are carbon (C), hydrogen (H), and oxygen (O). The other 

thirteen elements essential by the plants are mineral nutrients, which are obtained from 

the soil. These are normally divided into two groups’ macronutrient and micronutrients.

1.7.1. Macronutrients

A macronutrient element is a necessary element which is required in concentration > ~ 

0.5mmol./L (Fossard, 2000). Macronutrients are further divided into two groups, (1) 

Primary nutrients: Nitrogen (N), phosphorus (P), and potassium (K) and (2) Secondary 

nutrients: Calcium (Ca), magnesium (Mg), and sulfur (S) are needed in smaller amounts 

than the primary nutrients. 

The function of elements in plant metabolism and symptoms are associated with their 

deficiencies. Based on soil test, fertilizers are given to provide plants some of these vital 

nutrients for optimum growth (Tucker, 1999).

1.7.2. Micronutrients

A micronutrient element is defined as an important element usually needed in the 

concentration < ~ 0.5mmol./L (Fossard, 2000). Micronutrients are those essential 

elements in the growth of plant which are needed in only minor (micro) quantitiesThe 

micronutrients are copper (Cu),boron (B), iron (Fe), chloride (Cl), molybdenum (Mo), 

manganese (Mn), and zinc (Zn). Micronutrients are found in zinc, manganese and copper 

sulfates, oxy-sulfates, oxides, and chelates, as well as in ammonium molybdate and boric 

acid. They are also available in recycling organic matter, tree leaves and a grass clipping 

is an excellent way of providing micronutrient to growing plants.

1.7.3. Iron (Fe)
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Iron is among one of the important elements used in tissue culture media that is 

essentialfor the development and growth of plant cell (Kyte et al, 1999). It is an 

important enzyme co-factor which is provided in micro molar (mM) quantities. Free iron 

level is very little in plant. It is supplemented in tissue culture medium with chelating 

agents like sodium and potassium form of ferric etylene diamine tetra acetic acid (Na2 Fe 

EDTA). (Baran Jah et al) It participates in chlorophyll synthesis and also involved in 

energy conversion in photosynthesis and respiration as it is decreased to the ferric 

(trivalent) to the ferrous (divalent) state (Kyte et al, 1999).

1.7.4. Organic chemicals

Organic molecules are most significant in biology; these include hormones, 

carbohydrates, enzymes and proteins and are mostly in soluble in water. Because of low 

melting point, most of the organic compounds can burn, and they normally respond 

slowly (Kyte et al, 1999). Growth and morphogenesis of plant tissues culture can be 

boosted by gathering small amount of certain organic nutrients which are mainly amino 

acids and vitamins and some undefined supplements. The amount needed for these 

substances differs with species and genotype of successful culture (George et al., 2007).

1.7.5. Carbohydrates

Carbon source is used by carbohydrates which comprise organic chemicals such as 

starches, sugar and cellulose. As plant growing in the culture media in not able to 

generate all the sugar which is required for the growth, hence high concentration of sugar 

is provided as a carbohydrate source. Sugar from sugar beet (Beta vulgaris) and 

sugarcane (Saccharum officinarum),both are 100% pure sucrose and are good source of 

carbohydrate in tissue culture media. Sometimes glucose or fructose is also applied as 

alternate of sucrose in media.
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When the plant protoplast formation and fusion is induced D-Mannitol sugar alcohol is 

used, which acts as a nutrient and osmoticum. D-sorbitol sugar alcohol is occasionally 

included in tissue culture media, which acts as a primary translocatable carbohydrate in 

some plants.

1.7.6. Vitamins

Vitamins have catalytic functions and are needed only in trace amount. The requirement 

of vitamins vary in plant cell, it depends on the nature of plant and type of culture 

(Welander, 1977). The vitamins more often used in tissue culture media are: 

Nicotinic acid (niacin or vitamin B3) is a component of co enzymes active in light 

energy reactions, 

Thiamine (vitaminB1) is the vital vitamin nearly for all the plants because it functions 

as a co-enzyme to assist the organic acid cycle of respiration (citric acid cycle or Krebs 

cycle). 

Pyridoxine (vitaminB6) serves as co-enzymes in some metabolic pathways and 

stimulates growth.

1.7.7. Myoinositol

Myoinositol is also called as meso-inositol or i-inositol, it is just one of the nine 

theoretical sterioisotopes of inositol having significant biological importance (George et 

al., 2007). Myoinositol is a sugar alcohol in the B-complex (Kyte et al., 1999) and also 

known as hexitol which is extensively applied in various tissue culture media. It creates 

scrupulous influence in the seed germination, carbohydrates metabolism, membrane 

structure and cell wall formation. It is inert nutritionally, usually applied as osmotica in 

the course of protoplast isolation (Baran Jah, et al).

1.7.8. Amino Acid
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Amino acids are constituent of proteins, some of these combine with nucleic acids to 

constitute nucleoproteins (Kyte et al., 1999). Amino acids can enhance growth of cells 

and assists plant regeneration. L-Alanine has facilitated in increasing the number of 

embryos in some cell cultures, L-Arginine notably has aided root initiation, L-Glutamine 

can work as the single source of nitrogen (Gamborg and Shyluk, 1970; Gamborg, 1986). 

It can lead to somatic embryogenesis (Kyte et al., 1999).

1.8. Plant growth regulators

A plant hormone can be characterized as a small organic molecule which causes a 

physiological reaction at very low concentrations e.g., <1mM and often <1uM 

(Srivastava, 2002). Plant hormones chemicals with low-molecular-weight that can only 

deliver an on/off signal, The term plant hormones or phytohormone has been used for 

quite long time which is an inaccurate term and it is better if the substances having 

characteristics are referred as plant growth regulators (PGRs) (Helgi, 2005).

Five substances have been typically specified as plant hormones in plants. (Rost, 1979) 

on the contrary some other substances are currently considered supposedly as plant 

growth regulators, or which are like plant growth regulators. The five classical hormones 

areauxin, cytokinins, gibberelin, abscisic acid and ethylene. Two major classes’ auxins 

and cytokinins are mentioned here as we have used these hormones for this study.

1.8.1. Auxins

The term auxin is derived from the Greek word means to grow. Auxins were discovered 

ad the first plant hormones (Darwin, 1880). Auxins can be generally categorized by their 

capability to induce cell elongation in stems and bear a resemblance with Indole acetic 

acid (IAA), the first auxin isolated in physiological activity (Arteca 1996; Davies 1995; 

Went 1926).

1.8.2. Cytokinins
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Cytokinins are the compounds which bear structural resemblance with adenine that 

promote cell division. They have a basic part in regulating physiological phenomena in-

vivo in a dose-dependent manner that may change because of variations in the sensitivity 

of the plant tissue during development or due to environmental effect.

1.8.3. Types of hormones and its function

Class Name Function

Auxins

 Indole-3-Acetic Acid
 Indole-3-Butyric Acid
 Indole-3-Butyric Acid, Potassium 

Salt
 α-Naphthaleneacetic Acid
 2,4-Dichlorophenoxyacetic Acid
 p-Chlorophenoxyacetic acid
 Picloram
 Dicamba

 Adventitous root formation (high conc) 
 Adventitious shoot formation (low conc) 

Induction of somatic embryos
 Cell Division
 Callus formation and growth
 Inhibition of axillary buds
 Inhibition of root elongation
 Control annual and perennial broadleaf 

weeds

Cytokinins

 6-Benzylaminopurine
 6-γ,γ-

Dimethylallylaminopurine(2iP)
 Kinetin
 Thidiazuron (TDZ)
 N-(2-chloro-4-pyridyl)-
 N’Phenylurea
 Zeatin
 Zeatin Riboside

 Adventitious shoot formation
 Inhibition of root formation
 Promotes cell division
 Modulates callus initiation and growth
 Stimulation of axillary’s bud breaking 

and growth
 Inhibition of shoot elongation
 Inhibition of leaf senescence

Gibberellins Gibberellic acid

 Stimulates shoot elongation.
 Release seeds, embryos, and apical buds 

from dormancy.
 Inhibits adventitious root formation.
 Paclobutrazol and ancymidol inhibit 

gibberellin synthesis thus resulting in 
shorter shoots, and promoting tuber.

Abscisic Acid Abscisic Acid
Stimulates bulb and tuber formation

Promotes the start of dormancy
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1.9. Plants used for micropropagation and Biotransformation

1.9.1. Anthurium andreanum

Scientific classification:

Kingdom: Plantae

Order: Alismatales

Family: Araceae

Tribe: Anthurieae

Species: Anthurium andreanum

Anthurium is one of the most popular and largest genus with 500 species of Araceae 

family. Anthurium is known for its attractive long lasting inflorescence with beautiful 

colors and shapes. These characters make the Anthurium an ever demanding plant as it is 

being used continuously as indoor decors (Dufour and Guerin, 2003). Among tropical cut 

flowers, its trade value stands second after Orchids. One of the vegetative propagation 

methods for anthurium is through seed propagation which requires approximately three 

years for the plant to be completely developed in a breeding program (Hamidah et al., 

1997).  Moreover, slow germination rate and low seed viability are limiting factors for 

the large scale production ofanthurium (Martin et al., 2003)  plants obtained through 

seeds have usually poor uniformity and  heterozygosity due to cross pollination (Bejoy et 

al., 2008). On the other hand, plant tissue culture technology has emerged as an 

alternative method for large scale production of true-to-type anthurium at faster rate than 

conventional methods (Chen et al., 1997).

Various explants like seedling, leaf, petiole, spathe, lateral bud, or shoot tips are used for 

anthurium micro-propagation (Atta-Alla et al., 1998; Joseph et al., 2003). The factors 

affecting regeneration of anthuriumare age, genotype and choice of explant for the 

initiation. Although, regeneration from embryogenic calli is more reliable for rapid mass 
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propagation while direct somatic embryogenesis results in high multiplication rate with 

high genetic integrity. The development of somatic embryos can also be maintained for 

long periods of time by repeated cycles of secondary somatic embryogenesis (Te-chato et 

al.,2007) and by producing artificial seeds (Hamidah et al., 1997). The handling of 

enormous numbers of embryos at one time could be managed and used as 

bioreactors(Merkle et al., 1991).Although the regeneration of anthurium from somatic 

embryos has been reported (Gier 1990; Chen & Sugii 1992; Kuehnle 1992; Hamidah et 

al., 1997) by using different induction medium with reduced multiplication time span 

(Gantait and Mandal, 2010). It is necessary to confirm somatic embryogenesis through 

histological analysis and observe the key events in somatic embryogenesis from different 

explants sources and follow the plant regeneration efficiencies.

On the other hand, Silva et al.(2005)reported the involvement of various physical and 

biological factors including media during anthurium in vitro propagation. In this regard, 

some modifications of different hormonal and macronutrient concentrations in culture 

media such as reduced amount of macronutrients for somatic embryos induction may 

lead to ideal regeneration system for massive plant propagation of anthurium. This 

improvement could have economic importance by contributing towards enhanced 

production of anthurium plants along with limited consumption of nutrients, which leads 

to its commercial application on a large scale development of anthurium by tissue culture 

technology.
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1.9.2. Furcraea foetida

Scientific classification:

Kingdom: Plantae

Order: Asparagales

Family: Asparagaceae

Genus: Furcraea

Species: Furcraea foetida

Furcraea Foetidais an evergreenperennialshrub belongs to the family Agavaceae. It is 

used as an ornamental in landscaping of various gardens and lawns. It is cultivated in 

subtropical and tropical regions for its leaves, which are traditionally used to produce a 

natural fiber. The leaves of F. foetida has medicinal uses such as anti-inflammatory 

effects to aid in wound healing, bronchitis, hepatitis, stomach ache and problems of 

uterus (Van Ande et al., 2007).Other than being a source of fiber, it is also reported to 

use as folk medicine of Guinas for the treatment of febrifuge, back pain, cold and 

syphilis.The roots of F. foetida are used in tonics to purify blood in folk medicine. They 

also contain large amount of saponins and used as soap in cosmetic industry.  

One of the problems with agave gardening is its long life cycle, as it is noted that F. 

foetida takes 15-20 years to mature. During this long period, the plant could be 

susceptible to pests and diseases (Benıtez et al., 2007). Few articles reported the 

micropropagation of some species of Agavaceae family (Robert et al. 2006; Patel, 2009). 

However, there is no report, on the micropropagation of F. foetida so far.

Conventional long propagation of Agave results in reduced genetic variability which 

might make it susceptible to new and destructive pathogens. (Gil et al., 2001).The long 

growth cycle made it difficult to bring about genetic changes employing the conventional 

breeding methods in agave species. There are various techniques which can be exploited 

to improve the quality and genetic traits of any plant such as improved carbohydrate 
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content, maturity period and disease resistance (Valenzuela et al., 2006). Tissue culture 

techniques can be extended to regenerate plants in large number at a reasonably shorter 

period. 

1.9.3. Peganum harmala

Scientific Classification:

Kingdom: Plantae

Order: Sapindales

Family: Zygophyllaceae

Genus: Peganum

Species: P. harmala

Peganum harmala L. (Syrian Rue) is an important therapeutic herb belongs to the family 

Zygophyllaceae (Ananymous, 1986). Now, it has been positioned in Nitrariaceae family 

(Sheahan and Chase, 1996). Peganum harmala is habitant of semi-arid areas of North-

West India, North-Africa and central Asia (Asghari and Lockwood, 2002). This plant has 

pharmaceutical, biochemical (Baytop, 1999) and ornamental importance and generally 

used as aphrodisiac, abortifacient, galactogogue, emmenagogue and diuretic. It improves 

the blood and is useful for muscles and brain weakness (Chatterjee, 1997; Kiritikar, 

1995; Sharma, 1988). Its leaves are beneficial in dysmenorrhea, hiccups, hysteria, 

neuralgia, and rheumatism (Chatterjee, 1997; Kiritikar, 1995; Sharma, 1988). The plant 

has also been applied as antimicrobial (Adday et al., 1989; Alkofahti et al., 1990; 

Prashanth et al., 1999), antitumoral (Prashanth et al., 1999), in healing malaria (Kiritikar 

et al., 1995) and has insecticidal capability (Ahmed et al., 1981).Several compounds such 

as harmaline, harmine, vasicine, harmalol, vasicinon, deoxyvasicione, peganone-1 (3-6-

dihydroxy-8-methoxy-2methyl anthraquinone), peganone-2 (8- hydroxy–7 methoxy–2 
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methyl anthraquinone) are obtained from this plant and used against numerous diseases 

(Aarons, 1977; Sobhani et al., 2002). 

The seeds and fruits have been proven as digestive, hallucinogenic, hypnotic, antipyretic, 

antispasmodic, nauseant, emetic, narcotic, emetic and uterine stimulant (Chatterjee, 

1997; Kiritikar, 1995; Sharma, 1988). Red dye acquired from seeds of the plant is 

extensively used in Iran and Turkey for coloring carpets (Baytop, 1999). 

Peganum harmala is propagated through seeds (Saini and Jaiwal, 2000). One of the 

major constraints of this traditional propagation is very short span of seed viability. No 

authentic data is present regarding seed germination, growth and fruiting of the plant in 

domesticated or usual settings (Khawar et al., 2005). Due to increasing manipulation of 

the natural population for its extensive application in traditional medicine and as the 

plant grows in wild and not cultivated; it is facing the danger of extinction (Saini and 

Jaiwal, 2000). There is no alternate method of multiplication to propagate and to protect 

the genetic stock of this medicinal plant. Some primary work on micro-propagation of 

this species has been done by some workers (Saini and Jaiwal, 2000; Khawar et al., 

2005). But the rate of regeneration along with number of shoots per explants was very 

low with minor effectiveness of establishing the plants in soil. Therefore, to develop 

effective in-vitro technique for multiple shoot formation using shoot apex and 

cotyledonary node explants so that such explants could be used as storage tissue for cryo-

preservation and swift propagation of this plant stock and different doses of 6-

benzylaminopurine growth regulator has been used for the in vitro multiplication of this 

plant.   

There have been many efforts made to regenerate plants via tissue culture technology 

e.g., mung bean meristem culture (Goel et al., 1983) and cotyledon culture (Gulati & 

Jaiwa, 1990). It is surprising to find that regeneration of mature plants from P. harmala 
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in-vitro culture has not been reported. Studies on tissue culture of P. harmala have been 

focused mainly on ameliorate the generation of alkaloids like hairy root cultures and 

serotonin and carboline in cell suspension (Courtois et al., 1988).

Certainly, these simple and basic structures indicate that tissue cultures of P. harmala 

would be a suitable model system to learn more about how the creation of secondary 

products can be evoked. Two other groups had earlier reported that callus cultures of P. 

harmala arecapable to synthesize β-carboline alkaloids, while Reinhard et al., (1968) 

found only harmine in their tissue culture (Nettleship and Slaytor, 1974).

1.9.4. Olea europaea

Scientific classification:

Kingdom: Plantae

Order: Lamiales

Family: Oleaceae

Genus: Olea

Species: O. europaea

Olive (Olea europaea L.) is one of the most significant oil crops of the Mediterranean 

region normally propagated by leafy cuttings in mist. Olives are drought and salt tolerant 

plants and may be grown on poor soils. These features have separated all around the 

world and grown as an essential crop and as appropriate trees for a forestation. Though, 

the propagation of numerous fruit species is challenging by customary approaches but in-

vitro propagation has made it probable (Zuccherelli and Zuccherelli, 2002).In-vitro 

propagation of Olea europea species is still controlled due to slow lateral bud 

development, poor growth, and variable rooting ability of the explants (Rugini and 

Fedeli, 1990; Sarmiento et al., 2001; Saida et al., 2005).
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Resulting the OM medium (Rugini, 1984), the MSI, original MS medium (Murashige 

and Skoog, 1962), reformed by Fiorino and Leva (1986) and the MSM, also original MS 

medium reformed byLeva et al. (1992), are reflected  as the most suitable ones for olive, 

but they also proven not to be effectual for all cultivars (Grigoriadou et al., 2002).

It appeared that zeatin has been broadly established as the only cytokinin capable of 

inducing adequate improvement in olive cultured explants. However, due to its 

expensiveness, there is a viewpoint that an alternate interchange should be attained for 

use in commercial micro-propagation protocols (Briccoli et al., 2002). One substitute to 

zeatin was lately stated by Ferriz et al. (2002) that exchanged it by thidiazuron and BAP. 

Because of its long juvenile period of this species, which, in spite of being genotype 

reliant normally lasts more than 10 years, tissue culture is a go-to method (Rugini and 

Baldoni, 2005).Olive is hard species to modify in-vitro; however, its re-generation by 

somatic embryogenesis has normally been achieved applying various embryo derived 

explants, e.g., young zygotic embryos (Rugini 1988;), cotyledons (Bhradda et al., 2003; 

Mitrakos et al., 1992), and radicles (Orinos and Mitrakos, 1991) from developed 

embryos, also roots from grown seedlings (Shibli et al., 2001). As per Rugini et al., 

(2005), the young zygotic embryo is the most dependable explant as its response is not 

genotype-dependent.

In-vitro propagation allows producing high quality and rapidly growing plants. The first 

study on olive micropropagation was reported by Rugini (1984). The improvement of 

particular olive medium (OM), (Rugini, 1984) for axillary bud stimulus and later shoot 

multiplication achieved a significant step forward in the development of olive micro-

propagation. During the past decade, various advancements were made in micro-

propagation through mature olive trees (Ferriz et al., 2002; Leva et al., 2004; 

1991Zacchini and Agazio, 2004; Mendoza-de Gyves et al., 2008). While later on initial 
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development of shoots (Lambardi and Rugini, 2003) has been upgraded significantly for 

some olive cultivars, micro-propagation of olive generally has not been so fruitful 

(Lambardi and Rugini, 2003). A variety of auxins have been used for inducing rooting in 

olives particularly Naphthaleneacetic acid, Indolebutyric acid, and Indoleacetic acid 

(Cozza et al., 1997; Tanimoto, 2005), while the type and concentration compulsion of 

each of these differs with different varieties (Grigoriadou et al., 2002; Saida et al., 2005).

The commercial viability in application of the axillary-buds or of the somatic 

embryogenesis techniques to propagate olive cultivars relies mostly on the lack of 

somaclonal variants between plants generated. Somaclonal variation has appeared in a 

large number of plant species, vegetatively and sexually propagated (Hammerschlag, 

1992; Lamhamedi et al., 2000). Various studies have pointed out the occurrence of 

somaclonal variation for morphological, biochemical and genetic traits in perennial 

plants derived from in vitro culture (Saieed et al., 1994; Brar and Jain, 1998; Etienne and 

Bertrand, 2003; Morcillo et al., 2006). This aspect is of supreme significance for olive 

cultivars because the olive can be distinguished from other fruit tree species by its very 

lengthy span of life (hundreds of years), a long juvenile period for most, a broad 

biodiversity with the resultant variability in the fruit which influences quality aspects of 

the olive oil, including its aroma and taste (Roselli et al., 2003). Within the family of 

olive several species, botanically called as Olea europaea, present commercial products 

like lumber, food, medicine and cosmetics. Mediterranean diet component olive oil, 

contain variable volumes of triacylglycerols and little amounts of free fatty acids, 

pigments, glycerol, aroma compounds, sterols, phenols, tocopherols, unidentified 

resinous components and others. The pharmacological properties of olive fruit, olive oil 

and its leaves have been acknowledged as significant components of medicine and a 

healthy diet due to their phenolic content.
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2.0.MATERIALS AND 
METHODS
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2. Material and Methods:

2.1. In-vitro propagation of Anthurium andraeanum

2.1.1. Plant material and sterilization

Young green leaves of Anthurium andraeanum were collected from mature plants grown 

in the green houses of the (ICCBS), University of Karachi. Initially different 

explantswere used such as spadix, petal, and leaves were sterilized with different 

sterilants such as NaOCl (bleach) (20%) and mercuric chloride (0.1%) for different time 

intervals (Graph 1a). Young leaf explants were sterilized with different concentrations of 

NaOCl (bleach) and mercuric chloride (Graph 1b). After 20 minutes of gentle agitation in 

sterilization, the leaves were rinsed thrice with sterile distilled water. Sterilized leaves 

were cut into, proximal, midrib and distal end of appropriate sizes (1cm3) in the laminar 

flow cabinet under sterile conditions.

All different types of explants were inoculated on modified MS (Murashige and Skoog, 

1962) medium with macronutrients at full, 1/2 and 3/4 strength. The micronutrients used 

were full strength in each case with 100 mg/L myo-inositol and MS vitamins. Table 

sugar instead of sucrose was added to the media as a source of carbon at the 

concentration of 30g/L. Plant hormones like BAP, 2,4-D alone and in combinations were 

supplemented with MS ¾ +BAP (0, 0.5, 1, 1.5 and 2) mg/L with 2, 4-D (0, 0.1 and 0.2) 

mg/L for somatic embryogenesis. For multiplication MS + BAP (0, 0.5,1, and 1.5) mg/L 

+ Kinetin (0, 0.5, 1) mg/L + Sugar 40g/L were used. 

All cultures were placed under dark condition at 25±20C. Somatic embryo formation 

was started in Anthurium andraenum after three weeks at ¾ MS in combination with 1 

mg/L BAP and 0.1 mg/L 2, 4-D and then followed to embryoid differentiation. The 
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embryos were white to pale yellow in color. After 2 months embryos turned green in 

color. The induced shoots were transferred to full MS supplemented with various 

concentrations of BAP (0-1.5mg/L) and KN (0-1mg/L) to enhance shoot multiplication. 

All cultures were placed at 25±2°C with a 16 h photoperiod. 

2.1.2. Rooting

The newly formed shoots were excised and used for the induction of in- vitro rooting.  

MS media without any plant growth regulator with 30 g/L sugar was used for rooting. 

Twenty explants were selected for each treatment and all the best treatments were 

repeated twice. 

2.1.3. Acclimatization

Plantlets with fully developed roots were removed from jars, washed in lukewarm water 

to ensure that all media/gel were removed and plants were transferred to pots containing 

different types of potting mix like charcoal (100%), coconut husk(100%),  mixture of 

coconut husk + charcoal (50:50), soil (100%), marble peats (100%) and soil + manure 

(50:50) in the green house. 

2.1.4. Callus culture

Leaf explants of Anthurium andraeanum cultures were transplanted onto the jars 

containing callus induction medium. This medium consisted of half-strength MS 

(Murashige & Shoog, 1962) basal salt and vitamins supplemented with 30 g/l sucrose, 6 

g/l agar, with various concentrations of  BAP (benzylaminopurine) and 2, 4-D (2, 4-

dichlorophenoxyacetic acid). All cultures were placed in the dark at 27°C for one month 

for callus initiation (Cimen Atak & Ozge Celik 2009; Puchooa & Sookun 2003; Nhut et 

al., 2006; Te-chato et al., 2006). 
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2.1.5. Cell suspension culture

Actively growing cultured callus were applied for initiating the cell suspension cultures 

by moving 15 gms in 1000 ml of Erlenmeyer flasks, all having 400 ml of  MS medium, 

with all the components of best medium that react, except agar. All cultured jars were 

kept in growth rooms under 16 hr photoperiod provided by white fluorescent light (1000 

Lux) at 25 ± 1 °C for 6 weeks time period.

2.2. In-vitro propagation of Furcraea foetida

2.2.1. Plant material and sterilization

The plant material was collected from the green house of the (ICCBS), University of 

Karachi. The sterilization methos was same as reported in 2.1.2 section.  The meristemic 

shoots were cut into approximately 2 cm long segments and used as explants for shoot 

initiation under in-vitro conditions. 

2.2.2. Shoot induction

Shoot induction and multiplication were evaluated using MS salts fortified with various 

concentration levels of BAP, kinetin and zeatin (Table-2a). 3% sugar was added as the 

sole carbon source and 2.5 gm/L of phytagel as a solidifying agent. The pH of the 

medium was adjusted to 5.7. The sterilization was achieved by using autoclave with 15 

psi pressure for 15 minutes. 

Data were recorded twice a month on shoot regeneration, no. of shoots and shoot length 

for 16 weeks and statistically analyzed for selection of most appropriate PGR.
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2.2.3. Root induction 

The in-vitro rooting in Furcraea was studied using MS medium with various levels of 

two auxins IAA, and, IBA. A simple MS medium, without any PGR, was used as a 

control. All the media formulations for root induction had 2.5% of sugar and 2.5 gm/L of 

phytagel as a solidifying agent. The media were sterilized in an autoclave, with a pH 

value of 5.6-5.7 before autoclaving. Data were recorded fortnight for 12 weeks and 

statistically analyzed.

2.2.4. Callus culture

Leaf explants of Furcraea foetida cultures were transplanted onto the jars containing 

callus induction medium. Callus induction was obtained on Murashige and Skoog 

medium incorporated with 6-benzyl amino purine (0.5-2-mg/l) and naphthalene acetic 

acid (1, 2 mg/l) treatments supplemented with 30 g/l sucrose, 6 g/l agar. All cultures were 

placed in the dark at 27°C for a one month for callus initiation.

2.3. In-vitro propagation of Peganum harmala: (Harmal)

2.3.1. Plant material

The collection of P. harmala seeds was done from the premises of the ICCBS, University 

of Karachi.

2.3.2. Sterilization

Seeds were used for the initiation and placed under flowing tap water for 15- 20 minutes 

to clean dust particles.  Different experiments were conducted employing commercial 

bleach (Sodium hypochlorite, containing 5% active chlorine) as a sterilizing agent with 

various concentrations for varying time period. Two drops of tween-20 were also used as 
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a surfactant and washed with distilled autoclaved water three times each for 5 minutes in 

laminar flow cabinet.

2.3.3. Seed germination

Seeds were grown in MS medium (Murashige and Skoog, 1962) with sucrose (30 g/L), in 

jars, without any PGR and agar was used (6 g/L) for solidification. Seeds were 

germinated in growth rooms under 16:8 (light:dark) photoperiod provided by white 

fluorescent light (1000 Lux) at 25 ± 1°C for 2 weeks.

2.3.4. Multiplication

For multiplication, various experiments were conducted from leaves prior growth on  

germinated seeds by using MS basal medium with the addition of various concentrations 

of cytokinins (BAP, Kinetin) and auxins (NAA) alone and in combination, incremented 

with sucrose (30 g/L) and used agar (6g/L) as a gelling agent and pH was adjusted to 

5.77 before autoclaving. After autoclaving, germinated plants were cut into 0.5 cm pieces 

and 2-3 sections were cultured in the vessel. Each experiment had 5 treatments with 

control where no plant growth hormones were used. All jars were placed in growth 

rooms under 16:8 photoperiod provided by white fluorescent light (1000 Lux) at 25 ± 1 

°C for 3-4 weeks.

2.3.5. Callus culture

The callus cultures of the P. harmala were obtained from young leaves, placed in jars 

having 25 mL of MS medium with sucrose (30 g/L), BAP (0.1 mg/L), and NAA (1 

mg/L), and solidified by agar (6 g/L) at 25 ±1°C under complete darkness.
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2.3.6. Establishment of cell suspension culture

Actively growing cultured callus were used for initiation of cell suspension cultures by 

adding 10- 15gms of it in 1000 ml of Erlenmeyer flasks, each containing 400 ml of the 

MS medium, with all the elements of optimized medium except agar. These flasks were 

then placed on a platform shaker at 100 revolutions per minute (rpm) and 25 ± 1°C with 

a 16 h photoperiod 

2.3.7. Rooting

In-vitro multiplied shoots were transfer in half and full strength MS medium (Murashige 

and Skoog, 1962) complemented with sucrose (30 g/L), without any plant growth 

regulator and used agar (6 g/L). All cultured jars were kept in growth rooms under 16:8 

photoperiod provided by white fluorescent light (1000 Lux) at 25 ± 1 °C for 4 weeks 

time period.

2.4. In-vitro propagation of Olea europaea L.: (Olives)

2.4.1. Plant material

The healthy plant material that was free from any exterior spoilage was gathered from the 

premises of the ICCBS, University of Karachi. 

2.4.2. Sterilization

Explants leaves were arranged for the sterilization and initiation under running tap water 

for 20 minutes to clear dust particles.Various experiments were conducted employing 

several sterilizing agents using various concentrations for varying time period including 

commercial bleach (Sodium Hypochlorite; containing 5% active chlorine) for surface 

sterilization with tween- 20 as a surfactant and washed with distilled autoclaved water 

three times each for 5 min. 
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After sterilization explants were cut into approximately 0.5 cm in size and placed in 300 

ml jars containing 25 ml of MS basal medium incremented with different concentrations 

of cytokinins BAP auxins NAA and 2.4-D alone and in combination, with the addition of 

sucrose (30 g/L) and used agar (6g/L) as a gelling agent and pH was adjusted to 5.75-77 

before autoclaving.

2.4.3. Seed germination

Variety of experiments were conducted for shoot proliferation and multiplication from 

initiated leaves of olives by using modified MS medium with different concentrations of 

cytokinin BAP and auxins 2,4-D, NAA alone and in combination with adding sucrose 

(30 g/L) and agar (6g/L) as a gelling agent.

2.4.4. Multiplication

In-vitro propagated shoots were moved in half strength MS medium, sucrose (30 g/L), 

with auxin as a plant growth regulator and adding agar (6 g/L). In- vitro multiplied shoots 

of 2-3 cm each were inoculated in jars having half strength MS medium under sterile 

condition of laminar flow cabinet.

2.4.5. Callus culture

Young shoot tips of Olea europaea olives were obtained for the callus cultures in MS 

medium, sucrose (30 g/L) with various concentrations of 6-Benzylaminopurine (BAP), 

Dichlorophenoxyacetic acid (2,4-D), 1-Naphthaleneacetic acid (NAA) and agar (6 g/L). 

Explants were incubated under complete darkness at 25 ± 1 °C. The percentage of the 

explants producing callus was investigated for each treatment having five replicates each.
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2.4.6. Cell suspension culture

Actively growing cultured callus were applied for initiating the cell suspension cultures 

by moving 10-15 gms in 1000 ml of Erlenmeyer flasks, all having 400 ml of  MS 

medium, with all the components of best medium that react, except agar. All cultured jars 

were kept in growth rooms under 16 hr photoperiod provided by white fluorescent light 

(1000 Lux) at 25 ± 1 °C for 5-6 weeks time period.
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2.5.2. Biotransformation of (+) Isopinocampheol (11) and (-) Isopinocampheol (12) 

by cell culture of P. harmala

2.5.2.1. General methods

The 1H-NMR spectra were recorded in CDCl3 on Bruker Avance AV NMR spectrometer 

with TMS as an internal standard applying the Windows top spin 2.1 operating system at 

300, 500, and 600 MHz, while the 13C-NMR spectra were recorded in CDCl3 on Bruker 

Avance AV NMR spectrometer at 75 and 150 MHz. 2D-NMR (COSY 45º, HSQC, 

HMBC, NOESY) spectra were recorded by applying standard pulse sequences. The EI 

and HREI-MS spectra [m/z (rel. %)] were recorded on Jeol JMS 600 and HX 110 mass 

spectrometers with the data system DA 5000. Methods used were similar as mentioned in 

2.5.1.1. Recycling preparative RPHPLC separation was performed on a JAI LC-908W 

instrument, equipped with YMC L-80 column (4-5 µm, 20 x 250 mm i.d.) and RI-5 RI 

detector. H2O-MeOH (1:2) was used as mobile phase at a flow rate of 4 mL / min. (+) -

and (-)-isopinocampheol 11and 12, respectively were purchased from Fluka (USA).

2.5.2.2. Biotransformation and extraction protocol

After 15 days of preculturing on a gyratory platform shaker at 100 rpm and with a 16 h 

photoperiod at 25 ± 1 ˚C, a solution of substrate (100 mg in 1 mL of acetone) was 

included to each flask through a 0.2 μM membrane filter (Millipore) and the flasks were 

kept on a shaker for three weeks. The extent of transformation was analyzed by TLC. A 

negative control, having only plant cell suspension cultures, and a positive control, 

having substrate in the cell-free media, were also arranged to check the existence of plant 
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metabolites in the cell culture and chemical variations as a result of a chemical reaction 

(if any) because of media components, correspondingly.

2.5.2.3. Isolation of metabolites (+)-Isopinocampheol (11) by P. harmala

Brown gummy crude (2.6 g) was obtained from the biotransformation of 11, which was 

subjected to silica gel column chromatography for fractionation with pet. ether-EtOAc. 

Two main fractions (T1 and T2) were obtained based on TLC analysis of the fractions. 

Fraction T1 was eluted from silica gel column with pet. ether-EtOAc (3:1) to afford 

known compounds 13 and 14. Fraction T2 was purified on RPHPLC to obtain 

metabolites 15(tR = 26 min., p = 58), 16 (tR = 24 min.), and 17 (tR = 22 min.).

2.5.2.4. Isolation of metabolites (-)-Isopinocampheol (12) by P. harmala

Brown gummy crude (0.4 g) was obtained from the screening scale biotransformation of 

12, which was analyzed by TLC for the presence of transformed products. No 

transformations were observed.
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2.5.3. Biotransformation of Podocarpic Acid (18) by cell suspension culture of O. 

europaea

2.5.3.1. General methods

Podocarpic Acid was purchased from Sigma-Aldrich (Cat. 119792). Thin layer 

chromatography was done on precoated plates (silica gel, Merck, PF254). Column 

chromatography (CC) was carried out by applying silica gel 60 (70-230 mesh, Merck, 

Germany). Recycling preparative HPLC separation was carried out on a JAI LC-908W 

instrument equipped with YMC L-80 (4-5 μm, 20 x 250 mm i.d.), with varied 

compositions of H2O-MeOH as mobile phase and UV detection at 254 nm. 1H- and 13C-

NMR spectra were recorded in deuterated methanol and chloroformon Bruker Avance-

NMR spectrometers with solvent signal as the internal standard. The chemical shifts (

values) are given in parts per million and the coupling constants (Jvalues) in Hertz. JEOL 

(Japan) JMS-600H mass spectrometer was used for recording EI-MS; in m/z (rel. %).

2.5.3.2. Biotransformation

After three weeks of pre-culturing on a gyratory platform shaker at 95-100 rpm and with 

a 16 h photoperiod at 25 ± 2 °C, a solution of substrate, dissolved in 100 mg/mL of 

acetone, was included to each flask through a 0.2 μm membrane filter and the flasks were 

placed on a shaker for three weeks. The time course study was done by drawing aliquots 

on daily basis from culture, and the extent of transformation was examined by Thin 

Layer Chromatography (TLC). Positive (compoundin the media without cell culture) and 

negative (containing only plant cell suspension culture) controls were also run along with 

the main experiment in order to differentiate the transformed products from metabolites.
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2.5.3.3. Extraction and isolation protocol

After 20 days of incubation, filtration was done to separate the cells and the media. The 

filtrate (~2L) was extracted with CH2Cl2 (3 4L) at room temperature. The mutual 

extract were dried over anhydrous Na2SO4, and concentrated under decreased pressure, 

which yielded a brown residue 19 (750 mg). The gummy crude was fractionated using 

column chromatography (silica gel) with petroleum ether/Etyl Acetate (EtOAc) gradient 

to obtained 20 metabolites in appreciable quantities, followed by Reverse Phase (RP) 

HPLC to pure compounds.
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2.5.4. Biotransformation of Sclareol (22) by cell uspension culture of P. harmala 

2.5.4.1. General methods

This procedure was as same as the general methods used for the biotransformation earlier 

(2.5.1.1). 

2.5.4.2. Extraction and isolation methods

Sclareol was purchased from Fluka (Cat. 74327). After 20 days of incubation, filtration 

was done to separate the cells and the media. The extract was concentrated under 

decreased pressure, which yielded a brown residue (900 mg). The gummy crude was 

fractionated using column chromatography (silica gel) with petroleum ether/EtOAc 

gradient, followed by RP-HPLC to collect pure compounds. Rest of the experimental 

detail is similar as mentioned earlier.



88

2.5.5. Biotransformation of Artesunate (25) by cell suspension culture of Olea 

europaea L

2.5.5.1. General methods

This procedure was as same as the general methods used earlier for the 

biotransformation. Artesuante was purchased from TCI chemicals, Japan (Cat. A2191).

2.5.5.2. Extraction and isolation methods

After 20 days of incubation, filtration was done to separate the cells and the media. The 

extract was concentrated under reduced pressure, which yielded a brown residue26(800 

mg) and 27. The gummy crude was fractionated using column chromatography (silica 

gel) with petroleum ether/EtOAc gradient, followed by RP-HPLC to collect pure 

compounds. The compounds were detected on TLC with the help of ceric sulphate spray 

reagent. Rest of the experimental detail is similar as mentioned earlier.



89

2.5.6. Biotransformation of Cedrol (28) by cell suspension culture of P. harmala

2.5.6.1. General methods

The procedures used are similar as mentioned in 2.5.5.1. Ceric sulphate was applied as 

spraying reagent. Cedrol was purchased from Fluka Riedel-de-Haen®.

2.5.6.2. Biotransformation protocol

Cell suspension cultures of P. harmala were obtained from stationary cultured calli in 

1000 mL of Erlenmeyer flasks, each including 400 mL of the MS media, complemented 

with comp as stated above, except agar. After 2 weeks of pre-culturing on a gyratory 

platform shaker at 100 rpm and under 16 h photoperiod at 25 ±1 °C, a substrate (100 mg 

in 1 mL of acetone) was included in each flask through a 0.2 μM membrane filter while 

the flasks were kept on a shaker for 15-21 days. The time course study was performed by 

taking aliquots from culture daily and the content of transformation was analyzed by 

TLC. A negative control having only plant cell suspension cultures and a positive control 

having compound 28in the (excluding plant cell) media were also arranged in order to 

check the existence of plant metabolites in the cell culture and the chemical changes as a 

result of chemical reaction (if any) due to media components concurrently.

2.5.6.3. Extraction and isolation procedure

After 21 days of incubation, the cells and the media were parted by filtration. The filtrate 

was taken out with equal volume of CH2Cl2 three times and the cells were taken out in an 

ultrasonic bath with CH2Cl2 at room temperature. The mutual extract was dried over 

anhydrous Na2SO4 and concentrated under decreased pressure, which afforded a brown 

residue. The control flasks were also harvested in the same way. The degree of 

conversion was examined on TLC by comparing the crude extract with control flasks.
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The transformed metabolite 29 was isolated from this gummy crude by applying repeated 

column chromatography (silica gel) with petroleum ether/EtOAc gradient.
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2.6. Anticancer activity

Human mammary gland adeno-carcinoma cell line MCF-7 (estrogen receptor–positive 

human breast cancer cells) and human Glioblastoma multiform GBM (U87MG) 

purchased from American Type Culture Collection for anticancer activity.

Anticancer activity of compounds was examined in 96-well flat-bottomed micro-titer 

plates cell culture treated [Iwaki, Japan] by using the standard dye MTT (3-[4, 5-

dimethylthiazole-2-yl]-2, 5-diphenyl-tetrazolium bromide) [Sigma-Aldrich Chemicals, 

St. Louis USA] for colorimetric analysis. For this purpose, the cells were cultured in 

Dulbecco’s Minimum Essential Medium (DMEM), supplemented with 10% Foetal Calf 

Serum (FCS), 1 mmol/L Sodium Pyruvate, 1% (v/v) antibiotic / antimycotic and 

passaged weekly, using 0.25% Trypsin / EDTA [Sigma-Aldrich Chemicals, St. Louis 

USA] in tissue culture flasks T-75 [Iwaki, Japan]. Absorbance was taken at 540 nm / 570 

nm wave length, using micro plate reader Spectra Max plus using software SoftMax Pro 

340 [Molecular Devices, CA, USA]. Dimethyl Sulfoxide (DMSO) and Doxorubicin 

(Standard inhibitor) were acquired from [Sigma-Aldrich Chemicals, St. Louis, and USA].

2.6.1. Anticancer activity in human breast carcinoma cell line (ER positive) MCF-7 

and human glioblastoma multiform (GBM) U87MG

Exponentially growing MCF-7 and U87MG cells were harvested; counting was done by 

using haemocytometer/Neubauer-chamber. Harvested cells were then diluted with a 10% 

FCS supplemented DMEM medium in concentration of 10 × 104 cells / mL and 100 

µL/well of this suspension was added into 96-well plate. After overnight incubation, old 

medium was replaced with fresh 200 µL medium and final concentrations of compounds 

ranging from 0.1 µM to 200 µM were achieved. After 72 hrs, 200 µL MTT (0.5 mg/ml) 

was added to each well and incubated for 4 hours. Subsequently, 100µL of DMSO was 
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added to each well for dissolving Formazan crystals. The absorbance was taken at 540 / 

570 nm, using micro plate reader, we used 570nm wavelength. 

The cell survival and inhibition was recorded and the concentration causing 50% growth 

inhibition (IC50) for MCF-7 and U87MG cellswas calculated. The anti-cancer effect of 

doxorubicin and Biotransformed analogues on MCF-7 and U87MG cells were 

determined using MTT assay. 

Wells were assigned as blank containing medium only and untreated cell control, test 

compound and standard treated well. 

The percent survival rate and inhibition was calculated by applying the below formulas:

% Survival rate or Viability = [A sample – A Blank / A Control – A Blank] * 100

% Inhibition = 100 – {(mean of O. D Test Compound – mean of O. D Negative 

Control) / (mean of O. D Positive Control – mean of O. D Negative Control) * 100}
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3.0.RESULTS AND 
DISCUSSIONS
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3.1. Anthurium andreanumtissue culture

Various explants from different sources exhibited different responses on treatment with 

various sterilants (Graph-1). After screening of explants on the basis of low contamination 

rate, only leaf explants were processed for various concentrations of NaOCl (20 min.) and 

mercuric chloride (5-7s min.).  20% NaOCl for 20 min. showed maximum survival rate and 

considered as the best for sterilization (Graph- 1).  Leaf was chosen as the best explant for 

further experiments for somatic embryo induction, as Leaf explants from micropropagated 

plants were found to be more responsive than other plant portions for somatic embryos 

induction in Anthurium andraeanum (Hamidah et al., 1997).

In a preliminary experiment, three portions of the leaf explants (proximal end, mid and distal 

region) were selected for initiation on modified Murashige and Skoog (1962) medium of full, 

½ and ¾ strength of macronutrients along with various concentrations of BAP and 2,4-D. 

Full and ½ strength MS media showed slow development of somatic embryos on all leaf 

portions whereas the mid and distal region of leaf grown on ¾ strength MS medium proved 

to be the best for somatic embryo induction after 8 weeks (Table- 1). Only M8 (BAP; 1 mg/L 

and 2, 4-D; 0.1 mg/L ),   M9 media (BAP 1 mg/L and 2, 4-D 0.2 mg/L ), M10 (BAP; 1.5 

mg/L and 2, 4-D; 0 mg/L ) and M11 (BAP; 1.5 mg/L and 2, 4-D; 0.1 mg/L ) showed its 

effect for all parts of leaf but maximum somatic embryo percentage was observed from mid 

and distal regions of leaf on M8 media (Table- 1a). From this preliminary result, mid and 

distal regions of the leaf were chosen as the best part for further experiments to get somatic 

embryos (Table -1a). It is believed that proximal end of the leaf had more shoot regeneration 

potential as compared to the distal end which may be due to the difference in maturity 

between the regions (Welander, 1988; Martin et al., 2003). 
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Typically, when embryogenic tissue is exposed to a medium lacking auxin (or to one 

containing only a low auxin concentration) numerous somatic embryos are formed, 

superficially. Together with embryos which may have been present in the tissue prior to 

the transfer, these sometimes develop into plantlets, but sometimes a second transfer onto 

an auxin-free medium may be necessary. Somatic embryos formed in the presence of 

auxin give rise to clumps of embryogenic cells if they are again exposed to high auxin 

concentrations. Assuming that the level within cultured tissues is in equilibrium with that 

in the medium, there are several ways in which the concentration of exogenously 

supplied auxin may be reduced to promote embryo formation (George, 1996).

Naturally, plants reproduce through the zygotic embryo development. The plantlets 

regenerated from a group of somatic cells are different from the natural plantlets, 

although they have the same genetic makeup.

Somatic embryos were originated in two systems directly from a single cell or from the 

proembryonic cell complex. This could indicate a relationship between the isolated 

somatic embryos and the tightly clustered somatic embryos among the same explants and 

the fact that mutually, the systems arose from the mesophyll (Geier, 1982; Kuehnle et al., 

1992).

Histologically, it was observed that young leaf of Anthurium andraeanum was the most 

receptive for the stimulation and escalation of embryogenic masses (EMS) and somatic 

embryos. Histological sections of the embryogenic culture of Anthurium andraeanum

surrounded with the somatic embryos of different developmental stages are shown in 

Figures (1a, b, c, d,e, f).  In histological sections of the intact embryogenic masses, the 

somatic embryos appeared similar in size but different in shape. Discernible differences 
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between somatic embryos were observed in all the proliferating masses. Globular, heart 

and torpedo shape somatic embryos were markedly visible as shown in Fig-1(g, h, i).

From the histological analysis it was concluded that the somatic embryos derived from 

the young green leaf of Anthurium andraeanum have the ability to originate indirectly 

from the dominant callus phase or embryogenic culture (EMS) as shown in Fig. 1(b). 

Thus, the small cells have the potential for the induction and development of somatic 

embryos of different shape and size during continued cell divisions in embryogenic 

culture of the Anthurium andraeanum as shown in Fig. 1 (g).

After 3 weeks, somatic embryo induction started in dark along cut edges of the explants. 

Only M8 media (BAP 1mg/L and 2, 4-D 0.1mg/L) induced the best somatic embryos, it 

was also observed at lower and higher concentrations of above mentioned plant growth 

hormones but with lower frequencies (Table -1b). The lowest concentration of 2, 4- D 

indicated that there is requirement for auxin free environment for somatic embryos 

induction. The continuous incubation in darkness was found to enhance the process of 

somatic embryogenesis. The calli were pale yellow in color but after 2 months when it 

was transferred to light it turned green in color with induced shoots Fig- 1 (a, b, c). The 

differences in the regeneration capacity and mode of regeneration at higher 

concentrations and lower than optimum, may be explained by the variation in the 

endogenous levels of these growth hormones in the leaf tissues. The division and sub-

culturing of somatic embryos were done after every 8 weeks. For the study of the 

different stages of the somatic embryo development, the embryoids were harvested at 

various time intervals, fixed, sectioned, stained and examined, microscopically. These 

showed globular, heart shaped and torpedo stages and their respective histological 

structures Fig-1 (g, h, i, j, k, l). 
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Transferring the somatic embryos from the dark to light and to full MS supplemented 

with various concentrations of BAP and kinetin gave shoot induction and multiplication 

(Table -1c). Effective regeneration and healthy shoot development were observed on R9 

media (BAP; 1mg/L and KIN; 1mg/L) on MS full strength which showed maximum 

shoot formation with maximum number and length of the shoots (Table -1c; Fig- 1d). 

Further increase in BAP concentration did not improve the rate of shoot production 

whereas lower amount of BAP and light enhances shoot development and proliferation.  

These shoots were both adventitious and axillary in nature. The shoots were sub-cultured 

after 60 days intervals on the same media. Subsequent cultures exhibited faster 

multiplication of shoots at the rate of 50 shoots within 60 days of culture. Indirect plant 

regeneration in the presence of BAP has been reported in different cultivars of Anthurium 

(Matsumoto and Kuehnle 1997; Joseph et al., 2003). 

Allowing the regenerated shoots to stand for two months on MS basal medium 

supplemented with BAP (1mg/L) and Kinetin (1mg/L) caused spontaneous rooting to 

occur. However, transferring the shoots to full strength MS medium without any plant 

growth regulators improved rooting by developing 7-9 roots on each shoot which was 

good for acclimatization Fig-1(e).

After four weeks of development on the rooting medium, plantlets were transferred to 

pots with different potting mixtures (Table- 1d) which were kept in the green house for 

acclimatization. Under these conditions, coconut husk and charcoal (1:1) ratio gave the 

best growth for acclimatization, started new growth within 15 days and continuously 

grew quite well Fig-1(f).

After 2-3 months of acclimatization, 95% of the plantlets survived in the green houses 

Fig-1 (m, n).  Finally, the plants were shifted to the field.
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Table-1a: Percentage of somatic embryo induction on different leaf portions of A. 

andreanum.

Code

PGRs
Somatic embryos 

(SE) % of leaf 

mid portion

SE % of leaf 

proximal end

SE % of leaf 

distal end
Cytokinin       Auxin

BAP                 2, 4- D

M1 0 0 0±0 0 0

M2 0.1 29.8±0.62 0 34.1±0.9

M3 0.2 15.07±0.21 0 10.66±0.76

M4 0.5 0 10.33±0.34 0 10.73±0.66

M5 0.1 29.9±0.34 0 40.5±0.62

M6 0.2 20.0±0.20 0 24.53±0.50

M7 1 0 49.96±0.35 0 55.06±0.20

M8 0.1 89.76±0.68 20.03±0.45 94.9±0.75

M9 0.2 80.9±1.08 10.73±0.66 82.9±0.78

M10 1.5 0 19.96±0.65 8.67±0.58 14.96±0.65

M11 0.1 50.3±0.3 5.09±0.17 50.06±0.20

M12 0.2 29.33±0.58 0 40.6±0.65

M13 2 0 5.1±0.18 0 10.16±0.15

M14 0.1 25.39±0.45 0 30.3±0.32

M15 0.2 30.6±0.79 0 35.44±0.42

Means ± standard errors
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Table-1b: Somatic embryos induction at ¾ MS media with different plant growth 
regulators and their combinations.

Code

Plant growth 

regulators % of explants 

produced SE

Response of 

ExplantCytokinin        Auxin

BAP             2, 4- D

M1 0 0 0±0 -

M2 0.1 34.6±0.36 +

M3 0.2 15.10±0.26 +

M4 0.5 0 19.65±0.34 +

M5 0.1 44.80±0.53 +

M6 0.2 40.03±0.15 +

M7 1 0 60.93±0.81 ++

M8 0.1 89.76±0.58 ++++

M9 0.2 74.8±0.43 +++

M10 1.5 0 22.6±0.79 +

M11 0.1 54.5±0.78 ++

M12 0.2 45.73±0.66 +

M13 2 0 10.12±0.12 -

M14 0.1 34.63±0.35 +

M15 0.2 40.26±0.92 +

Key:  +, ++, +++, ++++ represents, 25%, 50%, 75% and 100% respectively

             Means ± SE
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Table-1c: Effect of plant growth regulators on length and No. of shoots of A. andreanum 
regenerated from somatic embryos.

code

Cytokinins No. of 

regenerated 

shoots

Length 

of shootBAP          KIN

R1 0 0 0±0 0±0

R2 0.5 10±0.1 1.64±0.55

R3 1 14.8±0.32 1.44±0.05

R4 0.5 0 18.06±0.12 2.09±0.17

R5 0.5 37.43±0.51 3.38±0.15

R6 1 41.66±0.57 4.89±0.06

R7 1 0 46±0.1 4.98±0.01

R8 0.5 45±1 4.37±0.14

R9 1 50.43±0.51 6.57±0.20

R10 1.5 0 34.26±0.10 5.03±0.06

R11 0.5 32.1±0.1 6.04±0.05

R12 1 40.43±0.51 5.03±0.07

Means ± SE
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Table -1d: Relative growth pattern of A. andreanum under different acclimatization 
supporting mediums

support medium % growth Pattern Remarks

Charcoal 70 Healthy Leaves and flowers Very good

Soil 40 Small curling leaves, no flowering Not good

Sand 45 Small curling leaves, no flowering Not good

Farm Yard Manure 40 Small curling leaves, no flowering Not good

Coconut Husk 60 Healthy leaves and flowers Better

Coconut Husk + Charcoal 95 Healthy, full size leaves and flowers Best

Soil + Farmyard Manure 45 Small curling leaves, no flowering Not good

Soil + Sand 50 Small curling leaves and flowers Not good
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Graph 1a: Response of A. andreanum explants to different sterilants

Graph 1b: Percent survival of leaf explants of A. andreanum for various sterilant 
concentrations

Grap 1c: Shoot induction percentage in different leaf parts of A. andreanum under 
various strengths of MS salts. 
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Figure 1a: Micropropagation and histological studies of Anthurium andreanum 

3.1.1:  Callus culture

Callus formation of Anthurium was observed on the leaf explants in ½ MS medium. 

Table 1e shows different combinations of BAP, 2, 4-D and the percentage of explants 

that induced callus formation from the leaves. Explants showed callus formation in 6-7 

weeks in medium with BAP (0, 0.5 and 1mg/l) and 2, 4-D(0, 0.1, 0.2, 0.5, 0.7 and 1mg/l). 

Out of 16 combinations (A1 to A16, Table-1e) best combination using PGRs was 

observed in A14 (80% callus with friable cum compact texture, Table-1e) for the callus 

induction and same medium devoid of agar was used for cell suspension culture 

preparation that was later used for biotransformation studies. Suspension thus prepared 

was good as callus easily dispersed when transferred to the liquid medium (Figure 1b). 

Rest of the media formulations resulted in greenish off white to off white color, while 

control did not yield any callus. Callus induction rate per explants had different responses 

to the medium with different combinations of plant growth regulators Other treatments 

that showed higher callus induction rates were A9-10 (60%), but the calli were more on 

the compact side. i.e., not feasible for biotransformation studies.
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The explants on ½ MS (Murashige & Skoog 1962) medium with BAP (1mg/L) and 2, 4-

D (0.5 mg/L) observed highest callus formation.

3.1.2: Cell suspension culture

10-15 gms of the friable callus were found enough to form suspension in 25 days from 

inoculation time in the liquid medium (Figure-1b). Lesser amount of the callus such as 5 

gms and less than that were not producing good cell suspension culture. Agitation of the 

suspension was at moderate speed i.e. 95 rpm. 
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Table 1e: BAP and 2, 4-D effect on the callus induction of A. andreanum

Media 

Codes

Growth Regulator Callus Formation 

Frequency %

Description of Callus

(mg /L) Color Texture

BAP            2,4-D

A1 0 0 - - -

A2 0 0.1 30 Off white Compact

A3 0 0.2 30 Off white Compact

A4 0 0.5 40 Off white Compact

A5 0 0.7 40 Off white Compact

A6 0 1 30 Off white Compact

A7 0.5 0 50 Light green Compact

A8 0.5 0.2 50 Greenish off white Compact

A9 0.5 0.5 60 Greenish 0ff white
Friable cum 

compact

A10 0.5 0.7 60 Greenish off white
Friable cum 

compact

A11 0.5 1 20 Greenish off white Compact

A12 1 0 30 Greenish off white Compact

A13 1 0.2 50 Greenish off white
Friable cum 

compact

A14 1 0.5 80 Greenish off white 
Friable cum 

compact

A15 1 0.7 50 Greenish off white Compact

A16 1 1 30 Greenish off white Compact



(a)
Figure 1b: Callus induction and cell suspension culture of 

Callus (b) Cell suspension culture
Figure 1b: Callus induction and cell suspension culture of Anthurium andreanum
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Anthurium andreanum
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3.2. Furcraea foetida

In this study, we have developed an efficient protocol for micropropagation and genetic 

transformation of F. foetida. For this, several experiments were conducted. In first such 

experiment, shoot multiplication medium was optimized. According to a classical report 

of Skoog and Miller (1957), the balanced ratio of auxins and cytokinin leads towards the 

dedifferentiation and formation of callus; high ratios of cytokinin to auxin promote the 

shoot induction while high auxin promotes root development. Cytokinin influences 

various aspects of the plant development and its physiology (Haberer et al, 2002). For the 

micropropagation of Furcreae, cytokinins (BAP, Kinetin and Zeatin) were used in 

various concentrations without auxin. In this investigation, 95% (data not shown) of the 

in-vitro induced shoot tips were viable and axillary bud formation was evident after 4 

weeks of culture (Figures 2a-d). This response is consistent with various reports for in-

vitro cultures of other Agavaceae members reported previously like A. sisalana (Das, 

1992) and A. parrasana (Santacruz et al., 1999). Our result shows that BAP yielded 

highest number of shoots i.e. 13.4 shoots per replication whereas the length of shoot was 

2.64 cm. As BAP concentration increased up to 2 mg/L, the decline in number of shoots 

was observed and also no significant effect on shoot length. (Table2a). Zeatin gave 

almost same results when used at concentration of 2 mg/L. Kinetin did not show good 

effect on shoot development as compared to BAP and Zeatin (Table2a).  The use of BAP 

was preferred for mass multiplication of F. foetida as it is economical than Zeatin and 

also gave good results at lower concentration than Zeatin because higher concentration of 

growth regulators are prone to somaclonal variation in micropropagated plants. As in this 

experiment only cytokinin is used for micropropagation but on the contrary there are 

reports for micropropagation of Agave that validate the requirement for moderate to low 

concentrations of auxin, with a cytokinin for effective induction of organogenesis and 
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shoot development (Powers and Backhaus, 1989; Binh et al., 1990; Robert et al., 1987and 

Rodriguez et al. 1996 b).

To study the effect of auxins on the root development, various levels of IBA and IAA 

were used. Experimental data showed that there is no significance difference among all 

the treatments applied including control (without Auxin). Almost 100% of the shoots 

developed (≥ 3 cm lengths) rooted after 15 to 30 days of culture in medium supplemented 

with IBA and IAA, (Figure 1e) and also in medium without auxins. The IBA proved was 

more effective for root induction than the IAA and control. Approximately, 6 roots were 

observed on all the treatments including the control at the conc. of 0.1 mg/L. Almost 

eight and nine roots were observed in the medium with IAA and IBA at the conc. of 0.25-

0.5 mg/lit respectively. Although all treatments tested were quantified high percentages 

of rooted shoots, the most striking difference between them was the shortest time 

required for rooting the shoots cultured in the presence of auxin, compared to the time 

required for those grown in the absence of them (Table 2b). These results are in 

accordance to the Maria et al, (2006), Villalobos et al. (1991) and Yépez et al. (2004); as 

the axillary shoots of F. Macrophylla Baker, A. atroviensis and A. cocui, respectively, 

rooted in medium without auxin, although auxins stimulate faster root development if the 

medium contains IBA. Similar results reported by Santacruz et al. (1999), for root 

induction of A. parrasana without auxin or supplemented with various levels of IBA, 

lacking significant differences betweentreatments. Furthermore, Hazra et al. (2002) 

reported rooting of shoots of A. sisalana in medium supplemented with IAA. In other 

Agavaceas species such as A. arizonica (Powers and Backhaus, 1989), A. cantala, A. 

furcroydes (Binh et al., 1990), A. sisalana (Binh et al., 1990; Das, 1992), the basal 

medium was sufficient to stimulate the formation and development of roots. On the basis 

of present study, it can be concluded that endogenous auxin is enough for the 
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development of roots in micropropagated shoots and there is no need of exogenous auxin 

to induce the rooting in F. foetida. 

Table 2a: Effect of cytokinin on shoot induction and multiplication in F. foetida

PGR Concen. Code
No. of 
Shoots

Shoot 
Length (cm)

Control 0 T1 2.8±0.37 1.8±0.12

BAP

0.5 T2 5.4±0.40 2.3±0.25

1 T3 13.4±0.24 2.64±0.09

1.5 T4 12±0.31 3±0.03

2 T5 10.8±0.37 3±0.15

KINETIN

0.5 T6 6±0.31 2.18±0.09

1 T7 7.8±0.37 2.16±0.10

1.5 T8 10.4±0.24 2.4±0.24

2 T9 11.6±0.24 2.86±0.09

ZEATIN

0.5 T10 5.4±0.40 2.14±0.09

1 T11 8.8±0.37 2.22±0.10

1.5 T12 10.2±0.20 2.44±0.06

2 T13 12±0.31 2.94±0.11

BAP + IBA

0.5 + 0.1 T14 3±0.31 1.3±0.20

0.5 + 0.25 T15 4.4±0.24 1.38±0.18

1 + 0.1 T16 4.6±0.24 1.48±0.22

1 + 0.25 T17 4.8±0.58 1.46±0.20

BAP + IAA

0.5 + 0.1 T18 4.7±0.2 1.46±0.06

0.5 + 0.25 T19 5±0.44 1.78±0.09

1 + 0.1 T20 5.8±0.2 1.80±0.20

1 + 0.25 T21 6.8±0.37 1.79±0.09
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Table 2b: Effect of auxin on root induction in F. foetida

Auxin Conc. Code No. of Roots Root Length (cm)

IAA

0 R1 6.8±0.37 6.2±0.2

0.1 R2 6.6±0.18 5.8±0.2

0.25 R3 7.6±0.24 6.6±0.18

0.5 R4 8.2±0.37 7.1±0.1

IBA

0.1 R5 6.7±0.3 5.6±0.24

0.25 R6 7.2±0.37 6.2±0.2

0.5 R7 8±0.44 7.2±0.2



112

Graph 2 a: Effect of PGRs on Shoot Length

Graph 2b: Effect of PGRs on No. of Shoots 

Graph 2c: Effect of Auxins on No. of Roots 
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(a) Initiation (b) Shoot induction (c) Shoot elongation

(d) Multiplication (e) Rooting (f) Acclimatization

Figure 2: Micropropagation of Furcraea foetida

3.2.1: Callus culture

Different experiments were conducted for callus induction in F. foetidawith various auxin 

and cytokinins ratio; however satisfactory results were not achieved asvery low amount 

of callus obtained. This callus did not produce good suspension culture for further 

manipulations.
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3.3. Callus induction and suspension culture of Peganum harmala

3.3.1. Callus culture

The highest degree of the explants viability (90%) obtained at 20 % for 20 min 

concentration of the Sodium hypochlorite (commercial bleach) of 5% chlorine as an 

active ingredient. At lower concentration i.e. at 10%, 15%, more than 50% explants were 

contaminated. As we went towards higher concentrations at 30% and 40% plants start 

dieing gradually using same time period for sterilization. For 10 and 15 min the explants 

were not showing good response, half of the explants were contaminated, this was clear 

that at these combinations of time and percentages explants were not exhibiting 

promising viable rate. 

Out of 24 media combinations (M1 to M24, Table-3) best combination of the plant 

growth regulators (M8, Table-3) with Murashige and Skoog medium observed for the 

callus induction and cell suspension culture preparation for biotransformation studies, 

was 0.1 mg/L BAP and 1mg/L NAA(Figure 3) produced 100% callus with friable 

granular texture and off white color in all replicates, was found to be the best as when this 

callus was transferred into the liquid medium it started dispersing easily making good 

suspension culture. Experimental control (M1) was run i.e. without hormones on the 

same medium to deduce the hormonal effect. On control neither curling nor swelling 

observed. Referring other combinations, such as BAP (0.1 mg /L-0.2 mg/L) with NAA (1 

mg/L-2mg/L) produced callus with 70% and 80% but the texture were compact not 

granular or not as required for the good suspension culture, for instance on upper and 

lower combinations, cells with the greenish off white color with the 50% frequency 

proliferated but with compact texture, which cannot be suitable for cell suspension 

culture. At higher concentrations of BAP with the companion dedifferentiated hormone 

greenish calli with compact texture were notified which is also not well for suspension 
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culture. Hard and undefined texture was observed of the Callus produced on high 

concentration of auxin NAA only but was not observed in combination with cytokinins, 

which suggests that cytokinins have synergetic effect on auxins proliferating cells 

particularly in this case.

3.3.2. Suspension culture

10 gms of the friable callus was found enough to form suspension in 15 days from 

inoculation time in the liquid medium (Figure-3). Lesser amount of the callus such as 5 

gms and less than that were producing cell suspension culture as well but were taking 

more time than the selected weight but at higher amount of callus, cell death was 

observed due to the collision of the callus clumps. Agitation of the suspension at lower 

rpm bring about lower level of cell dispersion, on the contrary at higher rpm it might 

have risk of cell collision that is why rpm kept at moderate speed i.e. 100 rpm. The 

substrates were dissolved in acetone and filtered through sterile syringe filter of 0.22 µM 

in order to avoid any particle, which could hinder the process of bioconversion and 

minimize the chances of getting the suspension contaminated.
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(a) Callus induction(b, c) Callus multiplication     

(d, e) Cell suspension culture

Figure 3: Callus induction and cell suspension culture of Peganum harmala
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Table 3: BAP and NAA effect on the callus induction of Peganum harmala

Media 

Codes

Growth Regulator Callus Formation 

Frequency %

Description of Callus

(mg /L) Color Texture

BAP NAA

M1 0 0 - - -

M2 0 0.5 30 Off white Compact

M3 0 1 30 Off white Compact

M4 0 1.5 40 Off white Compact

M5 0 2 40 Off white Compact

M6 0.1 0 30 Light green Compact

M7 0.1 0.5 50 Off white Compact

M8 0.1 1 100 Off white
Friable 

granular

M9 0.1 1.5 80 Off white
Friable cum 

compact

M10 0.1 2 70 Off white
Friable cum 

compact

M11 0.2 0 20 Greenish off white Compact

M12 0.2 0.5 30 Off white Compact

M13 0.2 1.5 40 Off white
Friable cum 

compact

M14 0.2 2 60 Off white
Friable cum 

compact

M15 0.5 0 20 Greenish off white Compact

M16 0.5 0.5 30 Greenish off white Compact

M17 0.5 1 40 White Hard

M18 0.5 1.5 40 White Hard

M19 0.5 2 50 Greenish White Hard

M20 1 0 10 Greenish off white Hard

M21 1 0.5 30 Greenish White Hard

M22 1 1 40 Greenish White Hard

M23 1 1.5 50 Greenish off white Hard

M24 1 2 50 Greenish off white Hard



118

3.4. Callus induction and suspension culture of Olea europaea (Olives)

3.4.1. Callus culture

The concentration, at which highest degree of the explants (seeds) 90% viability 

obtained, at 20 % for 20 min of the Sodium hypochlorite as same as in the case of 

Peganum harmala. At lower concentration i.e. at 10% for 10 and 15 min, 50% seeds 

were survived. In the similar manner, at 15% for 10 and 15 min the explants were not 

showing good response and seeds were dying at higher percentage of Sodium 

hypochlorite like at 30% and 40% and no response were observed.

Some initial experiment, for callus induction of Olea europaeawere conducted on 

modified Murashige and Skoog (1962) medium of full, ½ and ¾ strength of 

macronutrients along with various concentrations of BAP and 2, 4-D. Full and ½ strength 

MS media showed no response of callus induction on all leaf portions whereas the leaf 

grown on ¾ strength MS medium with BAP and 2-4, D proved to be the best for callus 

induction on Olea europaea (olives).

Different concentrations of the plant growth regulators (BAP and 2, 4-D) were used for 

the induction of the olives callus. Out of 25 combinations (M1 to M25, Table-4a) best 

combination of the plant growth regulators (M12, Table-4a) with ¾ Murashige and 

Skoog medium observed for the cell suspension culture preparation for biotransformation 

studies was 1 mg/L BAP and 0. 1 mg/L 2, 4-D. Callus with off white color and friable 

granular texture in all replicates was found to be the best as when this callus was 

transferred into the liquid medium it started dispersing easily making good suspension 

culture. Experimental control (M1) was run i.e. without hormones on the same medium to 

deduce the hormonal effect. On control neither curling nor swelling observed. Referring 

other combinations, explants were not showing considerable respond to form best callus 
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instead only 30% to 50% callus were observed on the media (M6-M11) containing 

without BAP or at 0.5mg/L with different concentrations of the 2-4,D (0.1, 0.2, 0.5 and 

1.0 mg/L). On M16- M25 on which combinations with higher concentration of BAP such 

as (1.5 mg/L to 2.0 mg/L) with 2-4, D (0.1 mg/L-1 mg/L) were used have shown some 

initiation of calli but these were compact to hard in texture and mostly were greenish off 

white in color with varying degree of callus formation but not every explant responded. 

This callus was not as required for the suspension culture i.e. easily dispersible and for 

which friable and granular callus is required and this callus type was achieved only on 

medium supplemented with ¾ MS with 1.0 mg/L BA and 2-4,D 0.1 mg/L. 

Different media combinations, (M1- M25, Table-4b) were using ¾ Murashige and Skoog 

medium with BAP and NAA to observe the effect on the callus induction of Olives. M7 

and M12, callus with the Greenish off white color and compact were observed with 50 % 

and 60% respectively but not having 100% proliferated frequency, which cannot be 

suitable for suspension required for biotransformation purpose; actively growing cells 

have nursing effect on the other cells, making the liquid medium suspension with micro-

aggregated cell suspension culture. On the contrary, ¾ MS medium with 2,4-D and BAP 

was used for the callus production with 100% callus induction was very strong hormonal 

combination for the explant dedifferention for callus induction and showed very 

satisfactory results in this case from higher to lower concentrations of MS salts in 

combination with cytokinins and auxin gave friable granular callus with off white in 

color, this condition of callus is quite successful for initiating a good cell suspension 

culture consequently useful for this kind of purpose.



3.4.2. Suspension culture

For getting an Olea europaea

found enough to form suspension in 15 days from inoculation time into the liquid 

medium with agar (Figure-4). Lesser amount of the callus su

producing cell suspension culture as well but were taking more time than the selected 

weight but at higher amount of callus, cell death was observed due to the collision of the 

callus clumps. Agitation of the suspension at lower rpm

dispersion, on the contrary at higher rpm it might have risk of cell collision that is why 

rpm kept at moderate speed i.e. 95 rpm. 

(a) Callus formation           (b) Cell suspension culture

Figure 4: Callus induction and ce

Olea europaeacell suspension culture, 15 gms of the friable callus was 

found enough to form suspension in 15 days from inoculation time into the liquid 

4). Lesser amount of the callus such as 5 and 10 gms were 

producing cell suspension culture as well but were taking more time than the selected 

weight but at higher amount of callus, cell death was observed due to the collision of the 

callus clumps. Agitation of the suspension at lower rpm bring about lower level of cell 

dispersion, on the contrary at higher rpm it might have risk of cell collision that is why 

rpm kept at moderate speed i.e. 95 rpm. 

Callus formation           (b) Cell suspension culture

Figure 4: Callus induction and cell suspension culture of Olea europaea
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cell suspension culture, 15 gms of the friable callus was 

found enough to form suspension in 15 days from inoculation time into the liquid 

ch as 5 and 10 gms were 

producing cell suspension culture as well but were taking more time than the selected 

weight but at higher amount of callus, cell death was observed due to the collision of the 

bring about lower level of cell 

dispersion, on the contrary at higher rpm it might have risk of cell collision that is why 
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Table 4a:  BAP and 2-4, D effect on the callus induction of Olea europaea (Olives)

Media 

Codes
Growth Regulator

Callus 

Formation 

Frequency 

%

Description of Callus

(mg /L) Color Texture

BAP 2-4, D

M1 0 0 - - -

M2 0 0.1 30 White Compact

M3 0 0.2 35 White Compact

M4 0 0.5 40 White Compact

M5 0 1 35 Off white Compact

M6 0.5 0 30 Light green Compact

M7 0.5 0.1 50 Greenish off white Compact

M8 0.5 0.2 40 Greenish white Friable cum compact

M9 0.5 0.5 60 Off white Friable cum compact

M10 0.5 1 50 Off white Friable cum compact

M11 1 0 20 Greenish Compact

M12 1 0.1 100 Off white Friable cum compact

M13 1 0.2 60 Off white Friable cum compact

M14 1 0.5 40 Off white Friable cum compact

M15 1 1 40 Greenish off white Friable compact

M16 1.5 0 20 Greenish Compact

M17 1.5 0.1 40 Greenish off white Compact

M18 1.5 0.2 20 Greenish off white Friable

M19 1.5 0.5 20 Greenish off white Compact

M20 1.5 1 10 Greenish White Hard

M21 2 0 10 Greenish off white Hard

M22 2 0.1 30 Greenish White Hard

M23 2 0.2 30 Greenish White Hard

M24 2 0.5 20 Greenish off white Hard

M25 2 1 20 Greenish off white Hard
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Table 4b:  BAP and NAA effect on the callus induction of Olives

Media 
Codes

Growth 
Regulator 

Callus Formation 
Frequency %

Description of Callus

(mg /L) Color Texture

BAP NAA

M1 0 0 - - -

M2 0 0.1 20 Off white Compact

M3 0 0.5 30 Off white Compact

M4 0 1 40 White Compact

M5 0 1.5 40 Off white Compact

M6 0.5 0 10 Light green Hard

M7 0.5 0.1 50 Greenish off white Compact

M8 0.5 0.5 30 Greenish off white compact

M9 0.5 1 40 Greenish off white compact

M10 0.5 1.5 30 Greenish off white compact 

M11 1 0 10 Greenish white Hard

M12 1 0.1 60 Off white Friable cum compact 

M13 1 0.5 40 Off white Friable cum compact

M14 1 1 30 Greenish off white Hard

M15 1 1.5 30 Greenish off white Hard

M16 1.5 0 20 Greenish Hard

M17 1.5 0.1 40 Greenish off white Compact

M18 1.5 0.5 30 Greenish white Hard

M19 1.5 1 20 Greenish white Hard

M20 1.5 1.5 20 Greenish white Hard

M21 2 0 10 Greenish Hard

M22 2 0.1 30 Greenish white Hard

M23 2 0.5 20 Greenish white Hard

M24 2 1 10 Greenish white Hard

M25 2 1.5 10 Greenish white Hard
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3.5. Biotransformation of Ambrox (1) by Peganum harmala

Incubation of compound 1 with Peganum harmala yielded ten oxidative metabolites 2-10 

were obtained Structures of known metabolites (2, 3, 5, 7-10)were elucidated through 

comparison of their reported data, while the structure of new metabolite4was elucidated 

through spectroscopic studies and in with the comparison of 1.

The HREI-MS of 4 showed the M+ at m/z 266.1864 (C16H26O3, calc. 266.1882), indicated 

two new oxygen functionalities in the molecule as compared to substrate 1. The IR 

absorption at 3383 cm-1 has further indicated the presence of OH group, while absorption 

at 1702 cm-1 indicated the presence of carbonyl group. The 1H NMR spectra displayed an 

additional methine signal at  4.53 (brs), while H-3 signal was missing in comparison of 

1. Moreover, H2-11 were appeared at 3.96 (dt, J = 9.0 Hz, J = 3.3 Hz) and 3.81 (dd, J = 

16.5 Hz, J = 8.0 Hz), similar as in compound 1. The 13C NMR spectrum of 4 showed two 

additional downfield signals at  70.1 (C-l), and 218.0 (C-3). The new downfield methine 

proton at  4.53 showed couplings with C-2 methylene protons ( 1.95, 1.52) in COSY-

45 spectrum and thus indicated a hydroxylation at C-1. The HMBC spectrum of 4 (Fig. 

5a,b) showed interactions between H2-2 ( 2.23, 1.65)/ C-3 ( 218.0), C-1 ( 70.1); H-1 

( 4.53) / C-2 ( 48.0), C-3 ( 218.0), C-10 ( 35.7); and H2-12 ( 3.96, 3.81) / C-l1 (

22.9) and C-9 ( 60.3), which further supported the proposed structure. The 1-

configuration of the newly introduced –OH was deduced on the basis of NOESY 

correlations (Fig. 5 a, b) between Me-16 ( 1.41) and H-1 ( 4.53). The structure of 

metabolite 4 was identified as 1-hydroxy-3oxoambrox (4).
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Compound 6 was obtained as a white colorless solid. The HREI-MS showed the M+ at 

m/z 268.2004, corresponding to the formula C16H28O3 (calc. 268.2038). Other fragment 

ions were detected at m/z 235 [M+-CH2OH], 232 [M+-2H2O] and 217 [M+-2H2O+ Me] 

which supported the formation of a dihydroxy derivative of ambrox (1). IR spectra 

showed the absorption for hydroxyl and carbonyl groups at 3383 and 1702 cm-1, 

respectively. The 1H NMR spectrum of compound 6 showed signals for two methylene 

protons at  3.80 (dd, J= 9.6 Hz, J= 4.2 Hz) and 3.45 (dt, J = 9.9 Hz, J= 3.9 Hz) while C-

3 proton signal was found to be missing in comparison of 1. The 13C NMR spectra (broad 

band decoupled and DEPT) of compound 6 showed disappearance of C-3 methine carbon 

signal and appearance of an additional carbonyl carbon signal at  216.7, when compared 

with compound 1 (Table-5). This indicated the introduction of a keto group at C-3. The 

C-12 protons ( 3.80 and 3.45) showed interactions with H2-11 ( 1.63 and 1.53), while 

C-1 protons ( 2.50 and 2.43) showed interactions with C-2 methylene protons ( 1.95 

and 1.52) in the COSY 45 spectrum. The H2-1 ( 2.50 and 2.43), H2-2 ( 1.95 and 1.52) 

and H-5 ( 1.41) showed heteronuclear interactions (HMBC) with C-3 ( 216.7) (Fig. 

5b). Similarly, H2-12 ( 3.80 and 3.45) showed HMBC correlations with C-11 ( 21.3) 

and C-9 ( 54.6), while H-9 ( 1.51) showed correlation with C-8 ( 72.5), and C-12 (

63.8). These observations further supported the placement of keto group at C-3 and the 

hydrolysis of ether bond. Thus metabolite 6 was identified as 13, 14, 15, 16-

tetranorlabdane-3-oxo-8, 12-diol. 

Time course study was conducted for both the experiments. TLC-densitometric analysis 

of daily extracted flasks, showed metabolites formation after 24 hrs of incubation, while 

further continuation of fermentation showed significant changes (Fig. 5c). Formation of 
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metabolites 2, 3, 4 and 6 were observed after 24 hrs of incubation, while daily analysis of 

extract on TLC indicated that metabolite 5 appeared in a significant amount after 3-days 

of treatment, while concentration of compound 2 is gradually decrease. Further 

continuation of fermentation cause a decrease in the concentrations of all metabolites, 

therefore all flasks were harvested after four days of incubation. Above observation 

indicated that metabolite 5 arose by the selective oxidation of C-3 hydroxyl group from 

compound 4, while metabolite 6 was formed by the oxidation of C-3 hydroxyl group, 

followed by hydrolysis of ether (compound 2). 

Time course experiment of the metabolites 7-10 were formed after six days of incubation, 

while further continuation of fermentation experiments have not cause any significant 

changes.

In conclusion, resulting biotransformed products represent interesting structural 

transformations. In case of compound 1 gone through an hydroxylation at C-3, C-6, 

and C-1andregio controlled keto formation at C-3. Moreover ether hydrolysis was also 

observed.The production of hydroxylated products at C-2 and C-3, while compound 9

showed lactone formation in five member ring i.e. sclareolide skeleton, Formation of 

scelerids skeleton from ambrox is a well-known process biosynthetically. These 

transformations provide accesses to regions of the ambrox skeletons, which are difficult 

to be functionalized by conventional chemical methods. These products may therefore be 

useful for the development of new fragrances.
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Table 5: 1H- and 13C-NMR data of metabolites 4 and 6 in CDCl3

Position

4 6

δH (mult., J in Hz)# Mult. δH (mult., J in Hz)# δC
¤ Mult.

1 4.53 brs 70.1 CH 2.50 m, 2.43 m 33.7 CH2

2 2.23 m, 1.65 m 48.0 CH2
1.95 m, 1.52 m 43.5 CH2

3 - 218.2 C - 216.7 C

4 - 46.8 C - 47.3 C

5 1.35 m 58.0 CH 1.41 m 58.2 CH

6
2.87 td (6.3, 15), 

2.27 m 34.1 CH2 1.62 m, 1.57 m 28.1 CH2

7 1.75 m, 1.48 m 41.1 CH2 1.97 m, 1.49 m 38.0 CH2

8 - 79.2 C - 72.5 C

9 1.42 m 60.3 CH 1.51 m 54.6 CH

10 - 35.7 C - 38.4 C

11 1.69 m, 1.51 m 22.9 CH2 1.63 m, 1.59 m 21.3 CH2

12
3.96 dt (3.3, 9.0), 

3.81 dd (8.1, 16.5) 64.4 CH2

3.80 dd (4.2, 9.6), 

3.45 dt (3.9, 9.9)
63.8 CH2

13 1.36 s 21.9 CH3 1.09 s 21.3 CH3

14 1.39 s 14.9 CH3 0.91 s 14.9 CH3

15 1.17 s 24.7 CH3 1.08 s 26.6 CH3

16 1.41 s 23.4 CH3 1.23 s 24.3 CH3

# 1H NMR data, 500 MHz.
¤13C NMR data, 125 MHz.
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Figure 5a: Biotransformation of compound 1 by a plant cell culture of Peganum harmala.
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Figure 5b: Key NOESY (
)

and HMBC ( ) interactions in 

compounds 4 and 6.

Figure 5c: Vedio densitometry picture of time course study experiment of (-)-ambrox 1
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3.6. Biotransformation of (+) Isopinocampheol and (-) Isopinocampheol by 

Peganum harmala L

The ability of Peganum harmala L. callus culture to differentiate between the bicyclic 

monoterpene enantiomers 11 and 12 was investigated. P. harmala transformed the (+)-

enantiomer 11 only and left (-)-enatiomer 12 untransformed. Four known metabolites 13-

16 and a novel metabolite 17 were obtained from the biotransformation of 11 (Scheme-

1). Compounds 13-15 were previously reported as biotransformed products of 11 from 

various microorganisms (Abraham 1994, Hamada 1988), while16was isolated from 

Dracocephalum forrestii(Li et. al., 2007). The spectral analyses of known metabolites 

were in full agreement with the reported data. The new metabolite 17was characterized as 

follows.

Compound 17 showed the molecular ion at m/z 170.1345 [M]+ in the HREI-MS, In 

agreement with the molecular formula, C10H18O2. The IR absorptions implied the 

presence of hydroxy group (3236 cm-1). The broad band decoupled 13C NMR spectrum of 

17 displayed 10 resonances, which were differentiated by DEPT spectrum as three 

methyl, two methylene, three methine, and two quaternary carbons. The resonances in the 

1H- and 13C-NMR spectra (Tables- 1 and -2) were observed for one secondary and two 

tertiary methyls [δH 1.00 (3H, d, J = 7.2 Hz, H3-10), 1.22 (6H, s, H3-8, H3-9), δC 16.3 (C-

10), 29.5, 29.9 (C-8, C-9)], a double bond [δH 5.39 (1H, br. s, H-5), δC 124.5 (C-5), 143.9 

(C-7)], an oxy-methine [δH 4.00 (1H, ddd, J = 9.0 Hz, J= 6.0 Hz, J= 3.0 Hz, H-3), δC 79.6 

(C-3)], and an oxy-quaternary carbon [δC 70.9 (C-6)]. Rest of the signals at δc 42.2 (C-1), 

40.3 (C-4) and 50.2 (C-2) were assigned to two methylenes and a methine in up-field 

region (Table -1). The COSY correlations between H-5/H2-4/H-3/H-2/H3-10 and the 
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HMBC correlations between H3-10 (δ 1.00)/C-7 (δ 143.9) and H-5 (δ 5.39)/C-2 (δC 52.0) 

indicated the presence of a methylcyclopentene ring in the molecule (Fig. 1). 

Additionally the HMBC interactions of H3-10 (δ 1.00) with C-3 (δ 79.6), and H-5 (δ

5.39), H3-8, and H3-9 (δ 1.22) with C-1 (δC 42.2) indicated an oxy-function at C-3 and an 

isobutyl moiety at C-7 (Fig. 1). The OH group at C-6 was also inferred from the HMBC 

correlations of H3-8 and H3-9 (δ 1.22) with C-6 (δ 70.9). The presence of cyclopentene 

ring and two hydroxyl groups in the molecule was also inferred from the molecular 

formula with two degrees of unsaturation. A plausible biogenetic route towards the novel 

skeleton of 17 (Fig. 2) involves the nucleophilic addition/substitution, Wagner-Meerwein 

type rearrangement, and hydride migration as well as formal internal rearrangement of 

lone pair, σ and π bonds.
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Table 6a: 1HNMR Chemical Shift data for Compounds 13-17(δH, mult.,J in Hz).

Position 13 14 15 16 17

1 1.67, dd (7.5, 1.8) - 1.90, td (6.0, 2.0) 2.03, d (7.2) 2.22, m

2 1.75, m 2.06, m 1.97, m - 2.56, m

3
4.11, m (W1/2 = 

15.8)

4.13,m (W1/2 = 

16.0)

4.08, m (W1/2 = 

16.0)
-

4.00, ddd 

(9.0,6.0,3.0)

4

2.41, ddd (13.2, 

9.6, 3.3)
2.40, m 2.49, m 2.73, d (18.6) 2.67, br. dd 

(17.1, 6.0) 

2.22,m1.80, m 1.58, m
1.75, ddd (14.0, 

4.5, 2.5)

2.64, dd (18.6, 

3.6)

5 - 1.80, m
2.07, ddd (9.0, 

6.0, 3.0)
- 5.39, s

6 - - - - -

7

2.27, ddd (10.5, 

7.5, 3.0)

2.25, ddd (9.5, 

7.5, 2.0)
2.31, m 2.33, m

-

1.53, br. d (9.0) 1.51, br. d (9.5) 1.09, br. d (10.5) 2.10, br. d (10.2)

8 1.13, s 1.13, s 3.70, s 1.29, s 1.22, s

9 0.93, s 0.93, s 0.99, s 0.87, s 1.22, s

10 1.10, d (6.9) 1.17, d (7.5) 1.12, d (7.5) 1.37, s 1.00, d (7.2)
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Table 6b: 13CNMR Chemical Shift data for Compounds13-17

Position 13 14 15 16 17

1 41.6 77.3† 43.4 42.7 42.2

2 45.9 52.3 47.1 75.0 50.2

3 73.6 73.5 71.5 212.1 79.6

4 45.3 38.1 38.5 48.4 40.3

5 75.4 35.6 37.3 72.2 124.5

6 43.2 43.1 43.7 36.9 70.9

7 42.1 42.3 34.4 44.5 143.9

8 22.1* 22.6* 69.9 22.0* 29.5*

9 20.8* 21.6* 18.7 20.3* 29.9*

10 22.1 15.2 20.6 25.0 16.3

*exchangeable assignments in the column

†detected through HMBC
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Figure 6a: Biotransformation of Isopinocampheols (11and 12) by Peganum harmala.
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Figure 6b: HMBC (→) and COSY (▬) correlations for 17.
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Figure 6c: Plausible biogenetic pathway towards 17.
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3.7. Biotransformation of Podocarpic acid (18) by Olea europaeacell suspension 

cultures 

Brown gummy crude (750 mg) was obtained from the biotransformation of 18, which 

was subjected to silica gel column chromatography for fractionation with pet. ether-

EtOAc.A fraction was obtained based on TLC analysis that contained compounds 19-21. 

Compound 19-20 were separated by column chromatography. While21 was purified on 

RPHPLC (tR = 26 min., p = 5).

3.7.1. Methyl podocarpate (19) Colorless crystalline solid: m.p. 123-124 ºC (Lit. 125-

125.5 ºC [Wenkert and Jackson, 1958]). [α]25
D +99.7 (c 0.2, MeOH) . UV (MeOH): λmax

(log ε) 243 (2.7), 282 nm (3.4). IR (CHCl3): νmax 3426 (OH), 1696 (C=O), 1608 

(aromatic), 1439, 1243, 1213 (C-O) cm−1. EI-MS: m/z (rel. int., %) 288 (59, M+), 273 

(12), 213 (100), 171 (9), 157 (19), 147 (12), 133 (10), 84 (45), 82 (72). HR-EI-MS: 

288.1725 (M+, [C18H24O3]
+; calcd. 288.1720).1H-NMR (CDCl3, 300 MHz) [Table 7a] 

and 13C NMR (CDCl3, 125 MHz) [Table 7b].

3.7.2. Podocarpic acidacetate (20) White amorphous solid: [α]25
D +61.3 (c 0.1, MeOH) 

. UV (MeOH): λmax (log ε) 243 (2.9), 269 nm (3.2). IR (CHCl3): νmax 3293 (OH), 1761, 

1693 (C=O), 1209 (C-O) cm−1. EI-MS: m/z (rel. Int., %) 316 (5.8, M+), 274 (100), 213 

(82), 157 (29), 133 (19), 107 (20). HR-EI-MS: 316.1675 (M+, [C19H24O4]
+; calcd. 

316.1661). 1H-NMR (CDCl3, 400 MHz) [Table 7a] and 13C NMR (CDCl3, 100 MHz 

[Table 7b].

3.7.3. 6α, 7α-epoxy podocarpic acid (21) White amorphous solid: [α]25
D +46.4 (c 0.1, 

MeOH) . UV (MeOH): λmax (log ε) 241 (2.9), 274 nm (3.1). IR (CHCl3): νmax 3577 (OH), 
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1760 (C=O), 1611, 1580 (aromatic), 1365, 1213, 1149 (C-O), 981, 813 cm−1. EI-MS m/z

(rel. Int., %): 288 (100, M+), 273 (7), 227 (14), 199 (62), 173 (15), 149 (51), 109 (38), 91 

(9). HR-EI-MS: 288.1377 (M+, [C17H20O4]
+; calcd. 288.1362).1H-NMR (CDCl3, 300 

MHz) [Table 7a] and 13C NMR (CDCl3, 75 MHz) [Table 7b].

Biotransformation of podocarpic acid (18) was investigated. Incubation of 18 with 

O.europaea afforded new epimeric metabolite 21 as a result of epoxidation, and two 

known metabolites 19 and 20 (Figure 7a). The metabolites were characterized as follows.

The molecular formula of 19 was deduced as C18H24O3 from EI-MS (m/z 288), that is 14 

a.m.u. higher than the mass of 18 (m/z 274). This suggested the incorporation of a methyl 

(CH3) into 18. The 1H-NMR and 13C-NMR spectrum (Table 7 a,b) showed a new methyl 

signal at δ 3.64 (singlet) and δ 51.2, respectively. The quaternary carbon signal (δ 177.9) 

for carboxylic acid was also shifted upfield which suggested esterification of acid. The 

presence of methyl ester was further ascertained from HMBC correlations of methyl 

protons (δ 3.64) with C-12 (δ 153.5). The possibility of non-enzymatic reaction was 

precluded by comparison of test with control (substrate in culture medium without 

callus), 19 was not detected in control. Compound 19 was thus identified as methyl 

podocarpate.

The molecular formula of 20 was deduced as C19H24O4 from EI-MS (m/z 316), which 

was 42 a.m.u. higher than the mass of 18. This suggested the incorporation of an acetyl (-

COCH3) moiety. IR spectrum indicated absorption bonds at 3293 (OH), 1761, 1693 

(C=O) and 1209 (C-O) cm−1. The 1H-NMR spectrum (Table 7a) indicated an additional 

methyl proton singlet at δ 2.24. The 13C-NMR spectrum (Table 7b) exhibited a new 
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downfield quaternary signal at δ 169.8 along with a methyl carbon at δ 21.1. These new 

carbon signals were assigned to O-acetate functionality on the basis of HMBC 

correlations of methyl-19 (δ 21.1) with C-18 (δ 169.8) and C-12 (δ 148.8). The 

compound 20 was thus identified as podocarpic acid acetate.

The molecular formula of 21 was deduced as C17H20O4 from HR-EIMS (m/z 288.1360, 

calcd. 288.1362), corresponding to an increment of 14 a.m.u. and eight double bond 

equivalents (DBE). This suggested the introduction of an epoxide into 18 (DBE = 7). The 

1H-NMR spectrum (Table 7a) indicated two downfield methine proton signals at δ 4.81 

(dd, J = 6.0, 3.9 Hz) and δ 5.16 (br. t, J = 4.2 Hz), which were assigned to H-6 and H-7 

respectively, on the basis of COSY 45° correlations between H-5 (δ 1.79), H-6 (δ 4.81) 

and H-7 (δ 5.16) (Figure 7b). The 13C-NMR (Table 7b) also exhibited two new 

downfield methine carbon signals at δ 85.7 (C-6) and δ 70.2 (C-7). HMBC analysis 

(Figure 7b) of compound 21 showed long range correlations between H-6 (δ 4.81), C-7 

(δ 70.2), C-10 (δ 35.6) and H-7 (δ 5.16), C-6 (δ 85.7), C-14 (δ 126.6). Similarly, H-5 (δ 

1.79) interacted with C-6 (δ 85.7) while H-14 (δ 7.54) was correlated with C-7 (δ 70.2). 

Other significant COSY 45° and HMBC interactions are presented in Figure 7a and b. 

The stereochemistry at C-6 and C-7 was deduced from NOESY correlations (Figure 7c) 

between H-6 (δ 4.81), H-7 (δ 5.16) and Me-17 (δ 1.05). Metabolite 21 was thus 

characterized as 6α, 7α-epoxy podocarpic acid.
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Table 7a: 1H NMR data of compound 19-21

Position 19 20 21

1
2.18, overlapped; 1.37, td, J 

= 13.2, 3.9
2.15, overlapped; 1.39, td, J =

13.2, 3.6
1.98, br. dd, J = 12.3, 4.8; 

1.63, m

2 1.94, 1.60, overlapped
1.97, overlapped, 1.59, br. d, J 

= 14.4
1.84; 1.78, m

3
2.25, br. d, J = 13.5;  1.08, 

td, J = 13.5, 4.2
2.21;  1.06, overlapped 2.27, dt,J = 14.7, 6.0; 1.45, m

4 - - -

5 1.50, br. d, J = 11.7 1.52, br. d, J = 11.6 1.79, d, J = 6.0

6 2.13; 1.90, overlapped 2.15; 2.01, overlapped 4.81, dd, J = 6.0, 3.9

7
2.80, td, J = 16.2, 5.1; 2.70, 

td, J = 12.6, 6.0 
2.88, dd, J = 16.4, 4.4; 2.75, 

td, J = 12.4, 6.0 
5.16, d, 4.2

8 - - -

9 - - -

10 - - -

11 6.70, d, J = 2.7 6.90, d, J = 2.0 6.67, d, J = 2.7

12 - - -

13 6.56, dd, J = 8.1, 2.4 6.78, dd, J = 8.4, 2.4 6.73, dd, J = 8.1, 2.7

14 6.89, d, J = 8.4 7.01, d, J = 8.0 7.54, d, J = 8.1

15 - - 1.28, s

16 1.25, s 1.30, s -

17 1.00, s 1.09, s 1.05, s

18 3.64, s - -

19 - 2.24, s -
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Table 7b: 13C NMR data of compound 19-21

Position 2 3 4

1 39.4 39.2 32.9

2 19.9 19.8 17.6

3 37.6 37.2 28.1

4 43.9 43.9 41.6

5 52.7 52.4 50.9

6 21.1 20.7 85.7

7 31.2 31.4 70.2

8 128.7 132.9 155.2

9 149.6 149.3 148.7

10 38.5 38.7 35.6

11 112.0 118.3 109.3

12 153.5 148.8 126.9

13 112.9 118.8 112.8

14 130.0 129.9 126.6

15 28.5 28.7 25.4

16 177.9 183.7 181.5

17 22.9 23.1 23.1

18 51.2 169.8

19 21.1
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Figure 7a: Biotransformation of Podocarpic acid (18) by Olea cell suspension cultures

Figure 7: (b) Important HMBC Correlations in Metabolite 21. (c) Important COSY and 

NOESY Correlations in Metabolite 21.
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3.8. Biotransformation of Sclareol (22) using Peganum harmala cell cultures

Incubation of Sclareol (22) with P. harmala afforded two known metabolites 23 and 24

that were characterized as follows.

3.8.1. 3-keto Sclareol (23)

Colorless amorphous solid: [α]25
D -3 (c 0.8, MeOH). IR (CHCl3): νmax 3359 (OH), 2925 

(C-H), 1727 (C=O) 1385, 1218 (C-O), 918 cm−1. EI-MS: m/z 322 (M+.H2O). HREI-MS  

m/z 304.2403 (C20H34O2, calcd. 304.2402). 1H-NMR (CDCl3, 300 MHz) [Table 8a] and 

13C-NMR (CDCl3, 75 MHz) [Table 8b].

3.8.2. 3β-hydroxy Sclareol (24)

Colorless amorphous solid: [α]25
D -15 (c 1.5, MeOH). IR (CHCl3): νmax 3374 (OH), 2932 

(CH), 1045 (C-O) cm−1. EI-MS: m/z (rel. int., %) 306 (7.4, M-H2O
+), 207 (20), 194 (28), 

175 (57), 135 (67), 121 (50), 95 (58), 71 (82). HR-EI-MS: 306.1649([C20H34O2]; calcd. 

306.2559).1H-NMR (CDCl3, 300 MHz) [Table 8a] and 13C-NMR (CDCl3, 75 MHz) 

[Table 8b].

The EI-MS of 23 indicated M+.H2O ion at m/z 322, while HREI-MS supported the 

formula C20H34O2 [M-H2O]+.(m/z 304.2403, calcd. 304.2402). This showed the 

incorporation of additional oxygen into 22. UV spectrum (CH3CN) was devoid of any 

chromophoric maxima at 197 nm. The IR spectrum of 23 showed a strong absorption 

band for carbonyl functionality at 1695 cm-1. The 13C-NMR (Table 8b) analysis of 23

showed a new downfield quaternary carbon signal at δ 216.2 which was assigned to C3 

on the basis of HMBC correlations. C18 (δ 1.07) and C19 (δ 0.99) showed interactions 
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with C3 (δ 216.2). NMR data of 23 was in good agreement with previously reported data 

[Barton et al., 1987]. The metabolite 23 was thus identified as 3-keto sclareol.

The EI-MS of 24 indicated M+ at m/z 306, while the HREI-MS supported the molecular 

formula C20H34O2 [M-H2O] (m/z 306.2565, calcd. 306.2559), indicating the presence of 

additional oxygen as compared to 22. The IR spectrum of 23 showed a strong absorption 

at 3374 cm-1 indicating the presence of hydroxyl group. The 1H-NMR (Table 8a) of 24

showed downfield signal at δ 3.20 (dd, J = 11.0, 3.3 Hz, H-3α). The 13C-NMR (Table 8b) 

analysis of 24 showed a methine carbon signal at δ78.8 indicating the presence of 

hydroxyl group. H3 (δ 3.20) showed HMBC correlation with C18 (δ 28.3), C4 (δ 38.9) 

and C2 (δ 27.3), further indicating the position of hydroxyl group at C3. The metabolite 

24 was thus identified as 3β-hydroxy sclareol.
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Table 8a: 1H-NMR data of compound 23-24

Compounds

POSITION 23 24

1 1.93, 1.50, m 1.63, 1.10, m

2
2.54, ddd, J = 13.1, 9.0, 4.5 Hz; 
2.37, ddd, J = 13.0, 6.5, 3.5 Hz

1.67-1.57, m

3 - 3.20, dd, J = 11.0, 5.0 Hz

4 - -

5 1.43, m 0.90, dd, J = 12.0, 2.5 Hz

6 1.57, 1.43, m 1.65, 1.28, m 

7 1.86, 1.43, m 1.83, 1.39, m

8 - -

9 1.22, m 1.17, t, J = 3.0 Hz

10 - -

11 1.62, 1.27, m 1.42, 1.25, m

12 1.63, 1.59, m 1.83, 1.67, m

13 - -

14 5.90, dd, J = 17.0, 10.5 Hz 5.85, dd, J = 17.5, 10.7 Hz

15
5.20, dd, J = 17.0, 1.0 Hz; 5.03, 

dd, J = 10.5, 1.0 Hz
5.21, J = 17.5, 1.5 Hz; 5.02, dd, J = 

10.7, 1.5 Hz

16 1.27, s 1.23, s

17 1.19, s 1.14, s

18 1.07, s 0.96, s

19 0.99, sa 0.73, sb

20 0.93, sa 0.75, sb
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a, bExchangeable assignments

Table 8b: 13C-NMR data of compounds 23-24, δ in ppm

Compounds

Position 23 24

1 37.9 37.8

2 34.0 27.3

3 216.2 78.8

4 46.5 38.9a

5 55.1 54.9

6 21.0 20.0

7 43.6 44.2

8 72.9 74.3

9 60.3 61.2

10 38.5 38.9a

11 19.4 19.2

12 44.5 44.8

13 72.0 73.8

14 145.2 145.3

15 111.2 112.1

16 27.4 27.6

17 24.3 24.5

18 26.5 28.3
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19 21.4 14.4b

20 14.4 14.4b

a, bExchangeable assignments

Figure 8: Biotransformation of Sclareol (22) by Peganum harmala cell suspension 

cultures

22

23

24
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3.9. Biotransformation of Artesunate (25) by Olea europaea cell suspension 

cultures

3.9.1 Artemisinin (26) Colorless amorphous solid: IR (CHCl3): νmax 2949, 1749 

(C=O), 1386, 1137, 1018 (C-O). EI-MS: m/z 282 (rel. int., %) 266 (5), 224 (23), 195 

(20), 165 (100), 151 (64).1H-NMR (CDCl3, 300 MHz) [Table 9a] and 13C-NMR (CDCl3, 

75 MHz) [Table 9b].

The EI-MS of compound 26 indicated M+ at m/z 282, corresponding to the formula 

C15H22O5. COSY correlation revealed that three carbons δ 50.1 (C-1), δ 33.6 (C-9) and δ 

37.5 (C-10) all show a correlation to the methyl proton doublet at δ 1.00 ppm (H-14), and 

must therefore correspond C-1, C-9 and C-10, if only two- and three-bond couplings are

allowed. However, we already know from the COSY spectrum that the H-14 methyl 

doublet at δ1.00 ppm is coupled to a methine proton at δ 1.42 for H-10. From the HSQC 

spectrum, we also know that the H-10 proton at δ 1.42 ppm is associated with the carbon 

at δ 37.5. Therefore δ37.5 must be the C-10 carbon involved in the 2-bond carbon-proton 

connection, and δ50.1 and δ 33.6 correspond either to C-1 or C-9 via three-bond 

couplings. HMBC showed that the quaternary carbon at δ 105.4 (C-4) shows a 

connection to the methyl singlet at δ1.45 (H-15) from which we can confidently assign 

this carbon as C-4 (via a 2-bond coupling). A second quaternary carbonyl at δ 172.1 (C-

12) correlates both to a methyl group at δ 1.21 (H-13) and to a methine proton at δ5.86 

(H-5), which thereby identifies this carbonyl as C-12, involved in 3-bond couplings to 

both hydrogens. Compound 26 was thus identified as artemisinin.
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Table 9a: 1H-NMR data of compound 26

POSITION 26

1 1.39

2 2.00; 1.47

3
2.43, ddd; J = 15, 13, 4 Hz; 2.06, ddd, J =

15, 4, 4 Hz

4 -

5 5.86, s

6 -

7 1.76

8 1.88; 1.08

9 1.09; 1.78

10 1.42

11 3.40, dq, J = 7, 7 Hz

12 -

13 1.21, d, J = 7 Hz

14 1.00, d, J = 6 Hz

15 1.45, s

16 -
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Table 9b: 13C-NMR data of compound 26, δ in ppm

Position 26

1 50.1

2 24.9

3 35.9

4 105.4

5 93.7

6 79.5

7 45.0

8 23.4

9 33.6

10 37.5

11 32.9

12 172.1

13 12.6

14 19.8

15 25.2

16 -
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3.10. Biotransformation of Cedrol (27) by Peganum harmala L

Incubation of compound 27 with Peganum harmala yielded metabolite 28. Structure of 

known metabolite was elucidated through comparison of their reported data.

The HMQC spectrum of the transformed metabolite (compound 28) showed correlations 

between methyl singlet signal at δ 1.03, 1.16, 1.26 and 1.28 with carbon signals at δC

28.5, 24.3, 30.4 and 27.5, respectively. The DEPT 135° spectrum showed upward signals 

at these chemical shifts while these signals disappeared in the DEPT 90° spectrum. An 

HMBC correlation between δ 1.16 and δC 79.6 assigned the proton signal to methyl 

protons at C-12 and the carbon signal to C-1. An HMBC correlation between δ 1.16 and

δC 57.6 assigned the carbon signal that showed low intensity in the 13C NMR spectrum 

and disappeared in the DEPT 135° spectrum, to C-5. An HMBC correlation between δ 

1.16 and δC 36.6 that was a methylene carbon in the DEPT 135° spectrum assigned the 

carbon signal to C-2.

An HMBC correlation between δ 1.26 and δC 74.9 indicated that the latter signal is 

assigned to C-8. Another HMBC correlation between δ 1.26 and δC 59.2 that was a 

methane carbon in the DEPT 90 spectrum assigned this signal to C-9. The proton 

attached to C-9 that showed an overlapped double doublet in the 1H NMR spectrum was 

assigned from the HMQC spectrum to the signal at δ 1.58. This signal correlated with 

one of the methylene protons in the COSY spectrum that resonated at δ 1.38. In the 

HMQC spectrum, a correlation between this signal and δC 21.5 that was a methylene 

carbon in the DEPT 135 spectrum assigned this signal to C-11. 
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The signal at δ 1.26 correlated to the methylene carbon signal at δC 35.7. This assigns the 

carbon signal to C-7.This analysis leaves the other two-methyl signals at δ 1.03 and 1.28. 

Therefore, these signals were assigned to methyl groups attached to C-10. Both methyl 

signals at C-14 and C-15 correlated with signals at δC 45.0, 53.6 and 59.2. The first signal 

was a quaternary carbon from the DEPT 135 spectrum; therefore, this signal was 

assigned to C-10. The other two signals were assigned to C-4 and C-9 respectively. 

The proton attached to C-4 that has a ß-configuration in the precursor molecule (+)-

cedrol, showed a NOESY correlation with the methyl protons at δ 1.28. this confirms that 

the methyl group at δC 27.5 has ß-configuration, while the other methyl group at δC 28.5 

has an α-configuration.The COSY spectrum showed a correlation between the proton at 

C-4 and one of the protons (ß-configuration) attached to C-3. The HMQC spectrum 

correlates this proton signal to the methylene carbon at δC 30.0. Therefore, this signal 

was assigned to C-3. The last methylene carbon signal at δC 41.6 was assigned to C-6. 

Compound 28was thus identified as 3β-hydroxy cedrol.
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Figure10: Structures of (+)-cedrol and the biotransformed compound 28
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Table 10: NMR Chemical shifts for 27-28 in CDCl3

27 28

Carbon 13C-NMR 13C-NMR 1H-NMR

1 41.4 79.6 -

2 37.0 36.6 1.92, 1.30

3 25.3 30.0 1.46, 1.48

4 61.0 53.6 1.81

5 52.0 57.6 -

6 31.6 41.3 1.61, 1.85

7 35.3 35.7 1.74, 1.93

8 75.1 74.9 -

9 56.5 59.2 1.59

10 43.4 45.0 -

11 41.9 21.5 1.40, 1.52

12 15.5 24.3 1.16

13 30.2 30.4 1.26

14 27.6 27.5 1.28

15 28.9 28.5 1.03

* Assignment of signals for 27 was performed according to reference (Phytochemistry 56 

(2001) 417-421).
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3.11. Anticancer activity

For determination of anti cancer potential of the compounds derived from substrate, we 

performed tests in vitro against carcinoma type cell line: human mammary gland adeno-

carcinoma cell line MCF-7 and Human Glioblastoma Multiform, which shows epithelial 

morphology. The anticancer effect was determined by using the MTT assay and 

Doxorubicin was used as a standard drug. Table 1 shows the IC50 data for the compounds 

obtained.

Table 11: Inhibitory concentration (IC50 in μM) values obtained in MCF-7 Cell Line and 

U87MG Cell Line for compounds 25, 26, 24, 19, 18, and 22Stock cultures were seeded at 

a density of 10,000 cells/well and allowed to multiply for 48–72 hr. MCF-7 (estrogen 

receptor–positive human breast cancer cells) and U87MG (Glioblastoma multiform) 

were maintained in Dulbecco’s minimum essential medium containing 3.7g NaHCO3 

supplemented with 10% FCS, 1 mmol/L sodium pyruvate, 10 mg/mL insulin and 1% 

(v/v) antibiotic/antimycotic and Pen/Strep. The cells were grown at 37˚C in a humidified 

atmosphere containing 5% CO2 and passaged weekly, using 0.25% Trypsin/ EDTA.
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Table11:  Anticancer Activity of transformed compounds

Sample Code Cancer Cell Lines Cancer Cell Lines

MCF-7 U87MG MCF-7 U87MG

% Inhibition IC-50 ± μΜ

18 -2.14% 19.80% − −

19 -1.41% 36.70% − −

22 78.22% 66.84% 36.11 ± 0.14 µM 30.92 ± 0.22 µM

23 -1.41% 22.56% − −

24 3.29% 20.78% − −

25 -11.29% 13.98% − −

26 -5.55% 35.55% − −

DOXORUBICIN Standard Inhibitor 1.43 ± 1.39 µM 4.94 ± 0.02 µM

* MCF-7 is ER positive cell line

* U87MG is Human Glioblastoma Multiform (GBM)Aggressive type

♯ IC-50 μΜ

* DMSO used as vehicle.

In the present study, we evaluated the potential of inhibition of substrate and its 

biotransformed analogues to inhibit the proliferation MCF-7 breast cancer cells and 

Human Glioblastoma Multiform U87MG and were compared to the doxorubicin-induced 

anti-cancer effect. Although, the compounds 26, 23, 24, 25, 19, 18 showed less anti-

cancer activity in U87MG (GBM) cell line as compared to Doxorubicin, 22presented 

higher anticancer potential against the MCF-7 and U87MG cells with IC50 > 500μM ± 

0.117.22has shown to be equally active against MCF-7 and U87MG Cells. The change in 
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the position of functional group present in 18, 22, 25 (substrates) may be the reason for 

important changes in the loss of anticancer potential. 

MCF-7 cells were pre-incubated with or without analogues and Doxorubicin (at 

concentration of 0.1 µM ~ 100 nM, 100 µM to 500 µM) for 48-72 hours. As shown in 

table above, against MCF-7 cells and U87MG, doxorubicin-induced cell growth 

inhibition was observed having IC50 of 1.43 ± 1.39 µM and 4.94735 ± 0.02 µM 

respectively in MCF-7 and U87MG.

Although the synthetic compounds are showing higher IC50 values but these are still in 

µM concentrations, which is acceptable for development of drug, and proceed for further 

analysis to understand whether they are causing necrosis or apoptosis to the cancer cells.
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Absolute alcohol 

99% pure ethanol (by weight).

Aggregate 

To clump or mass formed by gathering or collecting units or a body of loosely associated 

units or parts: as friable callus or cell suspension is a loose association of cells. 

Agitate 

To move a solution with an irregular rapid motion; as the contents of fermentors or flasks 

on shakers in order to maximize tissue or cell exposure to nutrients, facilitate gaseous 

exchange (aeration) and to disperse cells.

Alcohol 

A colorless, inflammable, organic (liquid compound characterized by the presence of a 

functional hydroxyl [OH] group, as in ethanol. Alcohols are used as solvents, fixatives, 

disinfecting agents and for many other purposes.

Aliquot or aliquot part

An evenly divided unit, portion or sample (fraction) of the whole.

Antibacterial 

Antibacterial agents inhibit the growth of bacteria or it can kill the bacteria.

GLOSSARY
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Apical 

Located at the apex, the apical shoot tip is a common explant for plant tissue culture. 

This term also refers to the root apex, a less common explant.

Biotechnology

The industrial use of biological processes; as yeast fermentation for alcohol production or 

plant cell culture for extraction of secondary products and biotransformation.

Biotransformation

Biotransformation is a process through which living cells modify the functional groups of 

organic compounds. Using microorganism or plant cell suspension, hairy root culture and 

immobilized cell can do this process.

Biogenesis

The description of hypotheses for the synthesis of natural products within a living 

organism is termed as “biogenesis”.

Broad-band (BB) Decoupled 13C-NMR Spectrum

This is a fully decoupled 13C-NMR spectrum, which provides information about 

resonances of all carbons present in a molecule without any coupling interactions.

Callus, plu. calli or calluses

1. Wound tissue, tissue formed on or below a wounded surface. 2. Disorganized tumor-

like masses of plant cells that form in culture. These proliferated in an irregular tissue 

mass, and vary widely in texture, appearance and rate of growth; a function of the tissue 
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type (species and explant) and the composition of the medium. The process of callus 

formation is callogenesis.

Cell culture

The culture of single or groups of cells on solid or dispersed in liquid nutrient media (cell 

suspension culture) usually following a set of defined growing conditions (protocols).

Cell suspension

Cells and small aggregates of cells suspended in a liquid medium; as in cell suspension 

cultures. Explants, or callus derived from them are transferred to liquid medium and the 

cultures are then agitated on a mechanical shaker. The ensuing single cells and small cell 

clusters are used for a number of purposes in plant tissue culture; as in single cell 

cloning.

Culture 

1. A general term for the cultivation of microorganism, animal, plant or their cells in vivo 

or in vitro especially in order to improve the breed. 2. In vitro aseptic cultivation of 

microorganism or of cells, tissues, or organs of plants, animal in or on prepared nutrient 

media under controlled, aseptic conditions. 

Disintegration

To disconnect, come apart or disunite; as friable callus disperses into single cells and 

small aggregates when placed in suspension culture.

Enzyme 

A protein that functions as a catalyst of a biochemical reaction.
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Explant

The excised plant portion used to initiate a tissue culture. The process of dissection and 

removal to culture of these small organs or tissue or tissue sections is explanation. 

Explant choice, the timing of excision and pretreatment are important determinants of 

culture success. 

Friable

Readily crumbling or fragmenting; as is the preferred callus type to initiate cell 

suspension cultures, as it is easily dissected with a spatula and readily dispersed into 

single cells or small clumps of cells in solution.

FlexX

Computes the conformation of a set of energetically favorable molecular complexes 

consisting of the ligand bound to the active site of the protein. The complexes are labeled 

with a score that roughly equal to the binding energy.

Base Peak

In the mass spectrum, the most intense peak is referred to as base peaks and is used as 

standard to measure the intensities of other ion-peaks.

Chemical shift

Chemical shift corresponds to the difference between the precession frequency of the 

nucleus and the carrier frequency. It is expressed in a ppm value and is represented by 

the symbol δ.

COSY-45° Spectrum
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A homonuclear two-dimensional NMR spectrum employed to determine vicinal and 

geminal 1H-1H coupling in a molecule.

Coupling Constant 

In the 1H-NMR spectrum, signals of individual protons are split into doublets, double 

doublets or other multiplets, etc. due to the presence of chemically and magnetically 

nonequivalent protons on the same carbon atoms or on adjacent carbon atoms. The 

magnitude of the splitting is known as the coupling constant “J” and is expressed in 

cycles/seconds or depends on the molecular stereochemistry and diminishes with, among 

other factors, an increasing number of bonds of between the coupled protons. The J value 

may be either positive or negative in sign.

Cytotoxic 

Any substance which inhibits the growth of cells.

Distortionless Enhancement by Polarization Transfer (DEPT)

A one-dimensional 1313C-NMR experiment commonly used for spectral editing that 

allows the distinction between CH3, CH2, CH and quaternary carbons. Intensities of 

carbon resonances are enhanced through polarization transfer from more sensitive nuclei 

such as proton (1H).

Electron Impact Mass Spectrum (EI MS)

The electron impact mass spectrum is a technique, which is obtained by the 

bombardment of molecules with an electron beam (normally 70 ev) to produce fragments 

of the structure.
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Heteronuclear Multiple Bond Connectivity (HMBC)

It is an inverse, heteronuclear, tow-dimensional NMR spectrum i.e., in these experiments 

the magnetization of less sensitive (13C) nuclei is detected through more sensitive (1H) 

nuclei and is used also to investigate long-range heteronuclear interactions between 

carbons and protons (J1, J2, J3) and in conjugated system J4).

Heteronuclear Multiple Quantum Coherence (HMQC)

It is inverse two-dimensional NMR technique and is used to establish the direct 1H/13C 

one-bond shift-bond shift to co-relations. In this experiment (as in the HMBC 

experiment), the 13C nuclei are detected through their effects on 1H nuclei.

High-Resolution Electron Impact Mass Spectrum (HREI MS)

It is a mass spectroscopic technique, which is designed for direct determination of 

elemental composition through exact mass measurements. A double focusing mass 

spectrometer is used to record this spectrum.

Infra-red Spectroscopy (IR)

The infrared spectra are produced by the absorption of infrared radiations of wavelength 

from 320-5040 cm-1. It is used to determine the nature of functionalities in a molecule.

Inhibitor

An inhibitor is a substance that diminishes the rate of a chemical reaction by inhibiting 

the catalytic enzyme and this process is called inhibition.
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Molecular Ion (M+)

The molecular ion is formed by the loss of one electron from the molecule. The m/z

ration of the molecule ion gives the molecular weight of the compound.

Optical rotation

It is the rotation of plane polarized light due to the presence of some asymmetric centers 

(chirality) in the molecule.

Organic co-solvent

Compounds used to dissolve some neutral organic substances; as in media preparation. 

These include alcohol (usually ethanol), acetone and dimethylsulfaoxide (DMSO).

Proton-NMR Spectrum

This is a one-dimensional NMR spectrum, which provides information about the 

electronic environment of the protons (1H) in a molecule.

Rotary shaker

A platform shaker with circular motion used for agitating culture flasks at variable 

speeds.

UV

The ultraviolet rays (190-400) nm and 40-800 nm) are used to determine chromophoric 

absorption in molecules.



195

Substrate

The material or substance on which an enzyme acts

Tissue Culture

Tissue Culture or Micro-propagation is an important alternative to more conventional 

methods of plant propagation. It involves production of plants from very small plant parts 

(e.g. buds, nodes, leaf segments, root segments etc.), grown aseptically (free from any 

microorganism) in a container where the environment and nutrition can be controlled. 

Xenobiotics Biotransformation

The biotransformation, which is brought about by feeding completely alien substances
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ANNEXURE
PREPARATION OF MS CULTURE MEDIUM 

Basic Ingredients of Murashige and Skoog medium (MS-Medium)

Compound
MS-Medium (1962) 

Concentration (mg/L)
Mol unit/L

Macro nutrients

NH4NO3

MgSO4.7H2O

KNO3

CaCl2.2H2O

KH2PO4

1650

370

1900

440

170

20.61 mM

2.99 mM

1.50 mM

18.79 mM

1.25 mM

Micro nutrients

KI

H3BO3

MnSO4.H2O

ZnSO4.7H2O

CuSO4.5H2O

CoCl2.6H2O

Na2MoO4.2H2O

0.830

6.200

22.300

8.600

0.025

0.025

0.250

5.00 µM

100.26 µM

99.97 µM

29.91µM

0.11 µM

0.10 µM

1.03 µM

Iron Source

FeSO4.7H2O

Na2.EDTA.2H2O

27.800

37.30

100.0 µM

100.2 µM

Vitamins

Nicotinic Acid

Pyridoxine. HCl

Thiamine. HCl

0.500

0.500

0.100

4.1 µM

2.4 µM

0.3 µM
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Inositol 100.000 555.1 µM

Amino acid

Glycine 2.000 26.6 µM

Plant growth regulator

2,4dichlorophenoxy 
acetic acid (2,4-D)

Naphthalene acetic acid 
(NAA)

Indole3- acetic acid 
(IAA)

Indole3- butyric acid 
(IBA)

Benzyl amino purine 
(BAP)

Kinetin (Kin)

Variable

Variable

Variable

Variable

Variable

Variable

Supplement

Ascorbic acid 10-25

Others

Sucrose

Phytagel

25000

2.500

pH 5.75-77
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Preparation of MS-Medium chemical stock solution

Preparation of 20X concentrated MS-Macro chemical stock solution

Compound
MS-Medium (1962) 
Concentration (g/L)

Macro nutrients

NH4NO3

MgSO4.7H2O

KNO3

CaCl2.2H2O

KH2PO4

33.00

3.60

38.00

6.64

3.40

To prepare one liter of culture medium, use 50ml of the MS macro stock solution.

Preparation of 100X concentrated MS-Micro chemical stock solution

Compound
MS-Medium (1962) 

Concentration (g/500mL)

Micro nutrients

KI

H3BO3

MnSO4.H2O

ZnSO4.7H2O

CuSO4.5H2O

CoCl2.6H2O

Na2MoO4.2H2O

0.40

3.10

8.44

4.30

0.010

0.010

0.12
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To prepare one liter of culture medium, use 1mL of the MS macro stock solution.

Preparation of 100X concentrated MS-vitamin chemical stock solution

Compound
MS-Medium (1962) 

Concentration (g/500mL)

Vitamins

Nicotinic Acid

Pyridoxine. HCl

Thiamine. HCl

Inositol

Amino Acid

Glycine

0.24

0.24

0.04

50

1.00

To prepare one liter of culture medium, use 1mL of the MS-Vitamin stock solution.

Preparation of 50X concentrated Fe.EDTA chemical stock solution

Compound
MS-Medium (1962) 

Concentration (g/500ml)

Iron Source

FeSO4.7H2O

Na2.EDTA.2H2O

2.78

3.72

To prepare one liter of culture medium, use 5mL of the Fe.EDTA stock solution.

B5 Vitamins

Vitamin g/L g/100 mL (100X)

Nicotinic acid 0.001 0.01

Pyridoxine HCl 0.001 0.01

Thiamine HCl 0.01 0.1
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