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GENERAL INTRODUCTION

Though viable plant tissue cultures of carrot and tobacco ware 

established by Gautheret (1939)» Nobecourt (1939) and White (1939) more 
than thirty years ago, very few woody trees have been grown in vitro 
as cultures which are viable on prolonged sub-culture. White (-1931) 

outlined the use of plant tissue cultures fear studying fundamental 

problems in plant cytology and physiology. This technique has been 

successfully used for the propagation of forest tress, to study 

biogenesis of secondary products, for evaluation of plant growth 
regulators and for the sttidj^&f their genetics (staba 1963)* The 

objective of the work reported in this thesis was to establish tissue 

cultures of a few forest trees and to study the formation and 

biogynthesis of phenollcs by these cultures. The work consists 
of the following! (l) establishment of continuous tissue cultures 

of forest trees and study of their nutritional requirements} (2) 

isolation and identification of phenollcs occurring in the callus 
cultures and (3) study of the biosynthesis of the phenollcs*

History
Haberlandt (1902) was the first to suggest the use of tissue 

culture as a possible tool to study the interrelations and reciprocal 

Influences to which cells are subjected in a multicellular organism.

His attempt to cultivate plant cells in vitro was a failure due to 

a lack of knowledge of plant netrlents and the use of highly 
differentiated cells. Though Kotte (l922a» 1922b) and Robbins(1922a, 

1922b) independently were successful in growing for a short period



roots of certain species of ©rasa on media containing glucose and 
inorganic salts, the cultures failed to survive on sub-culture.

White (193^) was the first to establish a continuous culture of root 
tips of tomato on media consisting of inorganic salts, yeast extract 

and sucrose. This was an organ culture having normal morphology and 

anatomy. Tissue cultures of undifferentiated callus capable of 

growing indefinitely in vitro were established by Gautheret (1939)» 

White (1939) and Kobecourt (1939) using carrot and tomato. After 
these pioneering studies, this technique has advanced rapidly and 
many viable callus cultures have been established, which have been 

used for the study of a wide range of problems related to plant 
biochemistry, physiology and agriculture.
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SECTION 1

Cultivation of callus tissue of trees In vitro

Callus cultures have toeefe a major type of tissue culture 

used for many basic studies. Tissues have been isolated and
J!

established from many species and parts of plants. The undifferen
tiated cell masses have been established from embryos (Carew and 

Schwartlng (1959)* excised roots (Torrey and Sklgemura, 195?)» 
coniferous seedlings (Loewenberg and Skoog, 1952), redwood burls 

(Ball 1955)* crown gall tumors (Hil&etrandt and Biker, 19^9* 1959), 

virus induced and insect induced tumors (Peiet, Hidebrandt;a»t 

Biker and Skoog, I960), fleshy rpets like potato (Stewed and Caplin, ,
1951) or carrot (Black, 1958) (Nobecourt, 1939) and stem tlssue(White.1939)•

Angiosperm tree species were employed even during the early 

development of the technique of plant tissue culture, and tissues of 

a few hardwood tree species have since been maintained in culture.

In his book Gautheret (1959) lists 20 angiosperm and 12 gymnosperm 
tree species cultured in vitro, of which only 4 angiosperm tree 

species were viable on prolonged sub-culture whereas the rest were 

short term cultures.

The modification in the composition of salt solutions and 

isolation and identification of various plant growth regulators has
Jrpnep

made it possible to establish continuous culture of^ different.tree 

species. On the following pages a brief review of the trees cultivated 
in vitro Is given (Table i) .



Table - 1
Trees cultivated In vitro

Anglosperm

No. Species Nature of 
tissue

Media Remarks Reference
1 2 3 4 .5.... 6

1 Asimino triloba N Mineral salts + 
leaf extract «a Gautheret (1959)

2 Acer pennsylvanlcum N High salt media + + Hathes (1967)
NAA + CM 25 %

3 A. pseudoplatanus N Heller’s mineral + + Henshaw et al.(l966)
thiamine + pantothe
nate, 2,4D + 1C$ CM

4 A. saccharum H High salt med.+NAA +
CM 25% + Mathes (195?)

5 Retula verrucosa 8 Mineral salts 4- vit. * Jacqulot (1964)
6 Castnea vesca 8 n — Jacqulot (19505

7 Chiplosis lineris T i t + Gautheret (1959)
8 Citrus limonum N Mineral salts + NAA, 

M©rel*s vit .+152» CM - II
9 C. limonum H Mineral soln. + NAA r 

Vit. Bi
+ Gautheret (1959)

10 C. aurantiura Fruit ) Murashige & Skoog’s + Brunet & Ibrahim
peel ) supplements, vitamins 

) at higher cone. 4- +
(1973)

11 G. medics. •t ) Cg + CM 20$ It
12 CratQggus 8 Mineral salts, NAA + + Gautheret (1959)

aonogrcsa Morel's vitamin
13 Fraxinus excelsior N Mineral solution - Jacquiot (19645
14 F. pennsylvanlcum H Modified Reinert & 

White, 2,4D, myo Woierfc and
inositol ,pyridoxinef Skobg (1966)
kinetin

15 Hevea ferasiliensis N Mineral salts + auxins + Chau (1969)
+ vit + amino acids



Table 1 contd

1 2 3 ...... 4 5 6

16 Kangifera lniica leaf
T

Whites minerals +• 4-3 g./i CH
Jain & Arya (1964)

1? Persea amerieangL. Coty
ledon

Mineral soln. +■ 2,4D + 
6-10-7 4- 18$ CM Gautheret (1959)

18 H H " +2,to 10”? + 15% CM 9)

19 Populus deltoldes N Mineral salts + NAA +
2,to + Vit.Sj + panto
thenate 4- glycine 4*1535 CM

ft

20 P» tremula N *> + Jacquiot (1964)
21 P. tremuloides (Triploid^ Mineral salts + 10% CM 4* Hathes (1964)
22 Prunus arlom N " 4- Jacquiot (1964)
23 Pyrus communis H " NAA 4- Gautheret(1959)
Zb Quereus alba N Mineral salts 4- NAA

4* 2 ,to4*Vit.Bj+pantothenaie
Gautheret (1959)

m S&xpaiKSfcris X glycine 4- CM 15%
2 5 Q. palustrls K Reinert & Whites + Vlt. 4* 

4* auxins 4- klnetins
Wolter (1964)

26 Mbinia psetidae- 
acla

H
V

Mineral salts IAA 4* 
Jacquiot’s Vitsmins+CM

Gautheret (1959)

2? Rosa wichuralana N Mineral salts 4- thiamine - tf

28
mrc'i

ufAli'x -babylolfi'ea T " + NAA * thiamine 4- 
hlotin 4- pantothenic acid
4- 15% CM

M

29 Sallx caprea N " + NAA 4* thiamine 4> ' 
biotin 4- pantothenic acid

It

30 S, nigra N " + NAA 4- Pantothenate
4- thiamine 4- glycine4-l3$ <35

ft

31 Santalum album N *' + 2,to 4- kinetin 4-
25% YE + Rao (1965)
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Table 1 eontd.

1 2 3 4 5 6

32 Syringa vulgaris H Mineral salts + HAA + Gautheret (1959)

33 mi “ + IM + inositol + 
pantothenate It

34 Theobroma cacao M Mineral soln. + 7$ CM -f Archibald (1954)

35 Tills parvifolia N Mineral soln, + auxin + 
vitamins + amino acid

4- Jacquiot (1964)

36 Ulsnus asaerioana H&T Mineral soln, + HAA + 
thiamine + pantothenate + 
glycine + CM 15%

- Gautheret (195?)

37 U. eampestris K Mineral solution + NAA 
+ vitamin solution of 
Jacquiot - Gautheret (1959)

Gymnospsra

1 Cuprassus funebris H Mineral salts & 20$ CM - Gautheret (1959)

2 C. lusltanica N High salt mediumi 2„4D|
25$ CM

+ Borchert (196?)

3 Ginkgo blloba Pollen Modified Whites Mineral
+ 2055 CM + 2^5 YE

Tulecke (1953)

4 tl II Whites mineral + arginine Hh Tulecke (1953)

5 " Embryo Mineral salts + 400 PPM CH Wang & Li (1966)
6 Juniperus communis h " + NAA + 15$ CM Gautheret (1959)

7 •» N " + 2f4D + Oonstabel's 
vitamin soln, + 10$ CM

«* II

8 J. Virginia ? Mineral solution + HAA + 
2,4B + Vlt* + panto
thenate + 15$ CM

- II

9 Llbocedrus decurrens N Mineral solution + 2,4D 
+ 20$ CM - It

10 Picea ables K Mineral solution, NAA * Vit»* 
3j, choline + 10$ ME

II
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1 2 3 ..... . 4 .......... 5 .... 6

11 P. glauca N White's mineral + IAA 10"® 
g/ml, Vlt.C 10-5 g/ml + Gautheret (1959)

12 M T M + IAA i0’5 g/l + Vit.C
10-7 g/ml + l»

13 P.tnus banksina H Mineral soln. + NAA + Vit. - 
Bj + choline + hypoxanthine

Lowenberg &Skoog (1952)
14 P. clausa root ft Barnes Ph.D. 

dissertation
15 P, monticola M II Harvey (19&?)
16 P. nigra H Mineral ©alts + 2,4D + NAA Bodgavonic(1568b)

17 P. pinaster S Murashige & Skoog's mineral 
+ 2,4]},, vitamins, kinetin 
asparagine

Alain (i97l)

18 P. rigida root Mineral salts + 2,4D + NAA Barnes &Naylor(1959)
19 P. serotina B 1? " (1958)
20 P. strobuc N Mineral salts * NAA -f ■

Vit. Bj + choline+hypoxanthine
Loseriberg &Skoog (1952)

21 P. sylveetris N Mineral salts + IAA Bodgavonie(1968a)

22 Sequoia sempervlrens N Mineral sola. + IAA + Ball (1950)
23 •f NM? it Gautheret (1959)
24 Thuja orientalis Pollen Whites' mineral + 10$ CM + Rao & Mehta(1969)

+• 300 ppm.

L 'ftN « Normal tissue *■ ^pT « Tumour tissue,
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AKGIOSPERHS

1. Annonaceae

Lampion in 1953 cultivated Aslmlna triloba on a medium 

containing mineral salts and leaf extract. The callus did not 

survive on prolonged sub-culture.

2. Aceraceae
Cambial tissue of Acer useudoplatanus was grown (Henshaw,

Jha, Kehta, Shakeshaft and Street, 1966) on a medium containing 

Heller's inorganic salt solution, 2$ sucrose, 1 ppm thiamine,

1 ppm calciua;, pantothenate, 5§ ppm 2,4D and 10^ coconut milk. 2.//-Z) 
During the period of high cell division rate the mean cell size of 

A. •pseu&oplatanus cell suspension culture reached its minimum and 

the average number of cells per cell aggregate its maximum value.

Cell separation depended on cell expansion and it did not take 
place till cell division had stopped. Street et al. (1968) have 

shown that a high level of kinetin (2,5 ppm) shortened the lag phase 

and the phase of rapid cell division. GA^ at an appropriate 

concentration prolonged the period of rapid cell division and 

2f4D was essential for growth but Inhibitory for cell expansion 

at high concentration. Givan and Collins (196?) suggested that 

in cell suspension cultures of maple, the respiration rate is more 

closely related to protein content than to change In cell number, 
dry weight or packed cell volume. Simpkins and Street (1970) have 

studied the effect of kinetin on carbohydrate and nitrogen metabolism 
of this culture. Simpkins, Collin and Street (1970) found that cell



suspension cultures of maple can utilize glucose, fructose, galactose 

or soluble starch. Cell yield increased with sucrose concentration, 

Nitrate was essential for growth and urea with nitrate enhanced 

growth. Further enhancement was obtained by the addition of casein 

hydrolysate or a mixture of amino acids. 2,4D was essential for 

growth in the absence of or a low level (0.25 ppm) of kinetic. IAA 

could not replace 2,4D while NAA at 10 ppm permitted a low level of 

growth with abnormal aggregation. Kinetln alone at 10 ppm promoted 

a high level of growth, but the culture became brown and showed 

increasing aggregation.
Mathes (196?) isolated callus cultures of A, nennsylvanioum 

(moose wood) and A, saccharum (sugar maple) from one year old twigs 

or from the primacy roots of young seedlings on White's major salts, 

Kitsch's minor elements, 2% sucrose, 10$ coconut milk, 0.5 ppm NAA 
and 0*8$ agar. For subculture the medium was changed to double 

strength, White's major and Kitsch's minor salts, 2% coconut milk,
2 ppm NM, and 2$ sucrose and 10 ppm vitamin C« The root callus 

of sugar mapple (A. saccharum) was friable and light yellow in colour, 

while the stem callus was solid and white or brown. The brown 

coloration was reduced by the addition of vitamin G and the callus 

had the ability to utilize soluble starch, galactose and cellobiose 
as carbon source (Mathes, Morselll and Marvin, 1971), The moose wood 

stem callus was light tan in colour and friable. This callus could 

utilise sucrose, glucose and raffloose most efficiently and cellobiose, 

galactose and maltose to a lesser extent (Mathes 1967).



3. Anacardlaceae
Leaf gall tissue of Manglfera inalca was cultivated In vitro 

by Jain and Arya (1$S66), They found that White’s basal mineral salts

agar medium when supplemented with casein hydrolysate gave the best
$growth. Pancreatic digest of casein at Sg/l gave highest yield of

<fer

tissue. At pH 5 the tissue grew well without brown pigmentation. 
Maltose and sucrose at 2,5# gave maximum growth. The tissue showed 

signs of dryness and excessive friability after two weeks of growth 
at a concentration below 1.5# of carbohydrate.

k* Bignoniaceae

Tumor tissue of Chilousis linearis was cultivated by 
Morel (Gautheret 1959) on ^alneral salt medium without any growth 

promoting substances. The callus was viable on sub-culture.

5. Eunhorblaceae
Chau (1966) cultured Hevea brasllllensls in a medium 

containing diverse minerals, amino acids, vitamins and growth 
regulators. It was observed that sucrose was the best source of 
carbon and a pH below 6 ms essential. The callus tissue produced 

roots of incubated for a long period.
6, Fagaceae

Castanea vesca stem callus was isolated by Jacquiot (1959) 

on Knap's half strength salt solution with various vitamins, amino 
acids and other growth factors. The survival on sub-culture was not 

reported.
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Quercus palustrls (pin oak) trunk callus culture was 

established by Welter (1964) on Reinert and White*s medium. The 

details regarding Its nutritional requirements have not been reported.

Quercus alba callus tissue was cultured by Hilderferandi and 
Biker gautheret, 1959) on a medium containing salts, NAA (i0*%),
2,40 (lO^M), Vlt (l(T7M), pantothenate (3xi<rtl) glycine (2.5xl<T7M) 

and 15$ coconut milk. "Hie callus died after a few subcultures*

?• hauraceae
Hlckell and Morel (Gautheret 1959) tried to establish callus 

cultures from Persea amerieana. Bidcell*s medium contained higher 
concentration of 2,40 (6X10“%) and CM (18$) than Morel's medium which 

contained 2,40 (l0~%) and CM (15$)« Neither of the callus cultures 

survived on prolonged sub-culture.

8. Legumlnosae
Robina nseudocaria was cultured by Jaequiot (Gautheret 1959) 

on a mineral salt medium supplemented with IM (l0"%) and vitamins 

solution. It was observed that callus grew very well when supplied 

with coconut milk. Its survival on sub-culture is not reported.

9. Oleaceae
Hlldebrandt and Rlker (Gautheret 1959) first tried to

establish continuous cultures of Fraxinus nannsylvanlca on a medium 
containing mineral salts,©<-NAA (lO“7M), 2,40 (6xl0”%), thiamine
(10~7 M), pantothenate (2.5 x 10“^M), glycine (3xlO"^M) and 15$ 

coconut milk. The callus obtained could sub-cultured.
Wolter and Skoog (1966) established a viable callus culture of 

P, pennsylvanica on modified Beinert and White's medium supplementd



1 '>I ^

with myo-lnosltol (10 ppm), pyridoxlne (G.i ppm), 2,4D (0.04 ppm), 

kiaetin (i ppm) and sucrose 2$. The callus had absolute requirements for 

igjro-lnositol, pyridoxins and an auxin. The callus could us® RAA instead 

of 2,4D. Kinetin and gibberellin improved the yield while thiamine had 

no effect,
Jacquiot (1959) cultivated carabial tissue of F. excelsior on 

Knop*s half strength solution, vitamins and growth factors. This 

callus culture grew at decreasing rates through nine transfers and 

ultimately died.

Olive callus culture was obtained from young seedlings by 

Lave© and Messer (1969) on a double strength Inorganic modified White's 
medium. For th® early development of callus auxin was not obligatory 

but after a number of sub-cultures auxin and cytokinln were needed for 

growth. XAA and 2,40 were most effective for growth. Very short 

periods of red light illumination were sufficient to effect greening 
of the tissue. A particularly hi# rati© of chlorophyll b/a was found 

under all light conditions and growth was reduced after four sub-cultures 

in light.
Morel and Bamoud /[4’955)) separately cultivated tissue

of Syrlnsa vulgaris. Morel*s eallU3 was obtained on a salts medium 

with NAA and could grow Indefinitely. Barnoud's callus culture was 

grown on a mineral salts medium having IAA, Inositol and pantothenate.

The tissue grew in two layers of which one would grow without stimulatory 
substances 4 C*eu4Bi«W' WS1!)

10. Rutaceae

A short term callus culture of Citrus llmonlum hypocotyl 
was obtained by Bove and Morel (1957) on a medium containing a mineral



solution with NAA (5jc10“7h) vitamins and coconut milk. Deraetrlades 
f $195^2) established a continuous culture of C. llmonlum on a medium 
containing salts, NAA (iO“^M) and thiamine (10“^M).(JktwHre-Vd" ^^)-

Citrus raedlca (Schroedor and Spsctor 195?) fruit tissues 

were cultured on modified Kitsch* s medium in which yeast extract was 
replaced by thiamine, pyrldoxine, nicotinic acid and glycine#
Schroeder and Spector (195?) observed that GA^ and 1AA stimulated 
callus formation in excised citron tissue and that the tissue 
responded to a wider concentration range of GA^ when grown in the 

presence of XAA,
Brunet and Ibrahim (1973) recently reported tissue culture

of Citrus aurantlum (fresh orange) and C, aedlea var llnonium (lemon)
a.peel. The callus originated from the flpedo side of the explant on 

Murashige and SRoog*s medium containing a high level of sucrose, 

B-vitamins, IAA and kinetin. Coconut water was required for the 
initiation of callus tissue and its continued growth. Orange juice 

supplied at 10$ concentration did not enhance the growth of either
Ou

lemon or orange callus, which is in contrast to,previous report of 
Murashige and Tucker (1959).

11. Rosaceae
- Grateamis monogyna callus culture was established by

Morel (1948) on mineral salts medium having «£-NAA and vitamins. It 

was not certain whether the callus required pantothenate. The callus died 

after a few subcultures, A viable callus culture of Pyrus communis 
was established by Morel £i94@:) on a medium containing mineral salts



and NAA. Rosa wlchuralana was cultivated In vitro by Hobecourt and
. j,) "*■ jrKofer (1945) on Knop's diluted solution, 2# glucose and IAA (i0“° to 

ilO”7!!), Thiamine gave the best growth of callus at. 2 x 10”%. Jacqulot 

(1959) obtained viable cambial callus of Prtrous avlaum on Knop's half 

strength medium with sugar, vitamins and other growth factors,

12, Sallclae
OH&)

Gautheret^in 1S&8 established a short team culture of Sallx 
caprea. The medium for callus growth contained in addition to mineral 
salts, NAA, thiamine, pantothenic acid, biotin and coconut milk.
The callus died after prolonged sub-culture. S. babvlonica (Gautheret 
1959) crown gall tumor culture established by Bitancourt on mineral 
salts and 15# coconut milk and S. nigra (Gautheret 1959) cultures on 

mineral salts together with NAA, thiamine, pantothenate, glycine and 
15# coconut milk died after a few sub-cultures.

Populua deltoldes callus culture established by HiMebrandt 
and Hiker (Gautheret 1959) on a mineral salt medium supplemented with 

at-Mh, 2,4B thiamine, pantothenate, glycine and 15# coconut milk was 
a short term culture, Jacjuiot (1959) established callus culture of 

P. tremula on a half strength Knop's solution with various vitamins 
and growth factors. On modified Relnert and White's medium, loiter 
got viable callus of P. tremuloldes (1964), Wolter (1968) found 

that 2,4D at all concentrations inhibited root formation in 

P. tremuloldes while benzylaminopurine in the absence of auxin 
iitit!acM4 initiated shoot formation at certain optimum concentrations, 
beyond which it was Inhibitory. NAA in the absence of cytokinin
favoured root formation.
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Mathss (l°64a) devised a satisfactory medium containing major 

and trace elements, glycine, thiamine, NAA, sucrose, coconut milk, ferric 

citrate and agar for callus tissue from trlploid P. tremuloides. H© 

observed that 0,0$% citrate initiated root formation and 1 ppm IAA 
together with 0.8 ppm kinetin produced occasional leafy shoots which 
fail&f to elongate (1964b). Vinton (£968) grew suspension cultures 

of trlploid aspen and observed two kinds of growth, tan coloured smooth 

and firm spheres. The former grew rapidly At a high concentration of 
2,43) (0.5 ppm) the latter grew ■mem-slowly at a low level of 2,4B 
(0.04 ppm) ara^fcinetin. With low level of 2,4D alone rooting Increased 

with the age of the source of tissue rather than initlil explant size. 
Vinton (i9?0) has also reported shoot and tree development from callus 

tissue of triplold aspen in the presence of SAP (0*15 ppm)*

13* Ste^cullaceaa
Archibald (195^) cultivated Isolates of bark of Theobroma 

cacao in a simple Gautherei* s medium and observed the formation of 

carabial tissue in 2-3 months. Gautheret's medium was found to be 

better than White's medium. For proliferation of callus, White's 

medium supplemented with pantothenate and biotin was not as good as 

pure coconut milk medium* The morphology of callus changed with the 

medium. With White's medium containing pantothenate and biotin it was 

compact white and granular but It changed when sub-cultured on a 

coconut milk medium. It also showed a difference when grown on agar 

slopes and liquid coconut milk medium. On the former it was
afdisorganised, loosely granula^, pale brown in colour and translucent, 

while on the latter it was* raised from the surface of the filter paper



by on© or two masses of newly formed tissue which was pal© brown, 

translucent, compact but extremely soft and *mushy*. A smear of 

the soft tissue across the filter paper support gave rise to gasses 

of the tissue within a month showing that all the cells of the soft 

tissue are capable of division. Prolonged sub-culture on (3! gave 

rise to colourless tissue having a granular, solid nature.

14. Santalaceae
Ciind&l-

Rao (1965) cultivated Santaltua album seeds on a basal medium 

supplemented with 400 ppm casein hydrolysate and 20% CM. The seeds 

germinated and produced normal seedlings. Seeds when cultivated 
on ajbasal medium containing 0.25$ yeast extract, 5 PP* kinetln and 

2 ppm 2,4D proliferated into callus tissue capable of unlimited growth 

and the development of embryos was inhibited.

15. Tillaeeae '
Tllla oarvifolla cambial tissues were cultivated by 

Jaccpaiot (1959) on a medium containing half strength Knop's solution 

with vitamins and growth factors. Its survival on sub-culture was 

not reported.
16. Ulmaceae

Normal and tumor tissues of U&mus americana were cultivated 
by Hildehrandt and Hiker (Gautheret 1959) on a salts medium supple

mented with<?Q-NAA, vitamin Bj,, pantothenate, glycine and coconut milk.
In both the cases of normal and tumor tissues, the concentration of 

added growth factors was the same except that of coconut milk. Both the 

callus cultures faildd to survive on prolonged sub-culture. Short term
callus cultures of U. caanestris (Gautheret 1959) were established by 
Jactpiiot on a medium containing salts, NAA, CM and vitamins.
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Gvmnospera

There are four gymnosparm families from which 21 different 

species have been cultured in vitro. Only seven of these were long 

term cultures while the others were short term cultures.

I. Cunressaceae
Two species of th© genera Cupressus have been established 

in vitro (l) C. funebrls and (2) G. lusitanlca.

A tissue culture of C» funebrls staainate cone was first 
derived by La-Rue (Gautheret 1959)• The tissue had an essential 
requirement for coconut milk which was replaced by gibberellln (l pprf) 
and casein hydrolysate (2 ppm) in I960 by Straus and Bpp, This Is one 

of the few cultures which requires gibberellln to attain maximum growth. 
5* lusitanlca cultures were isolated by Borchert (1967) from the stem 

of the tree. The explants grew more vigorously on a high salts medium 
than on Heller*s medium and the growth habit changed from compact to 

friable. Callus could be transplanted to, and maintained on a high 

salts mfidiu® enriched by vitamins but could not survive on Heller’s 

basal medium with or without growth factors. In a high salts medium 
the addition of 2,433 stimulated proliferation of initial explants and 

transplanted callus only slightly, while added coconut water was 

more effective than on the basal medium.
Short term cultures of two Junlperus species were reported.

J. communis was cultivated by Morel and also by Constabel (Gautheret, 
1959). Morel used NM (10~6m) and ©5 (20#) with salts while Constabel 
used 2,40 (iO“®M), a vitamin solution and 10# CM. Gall tissue of

/



J. Virginians was cultivated by Hildebrandt and Biker (Gautheret 1959) 

The medium was supplemented with HAA (10~7H), 2,4B (6xiQ“%)» thiamine 
(10"7) and pantothenate (2.5x10"^), glycine (3x10“%) and 8H \%*

Straus (Gautheret 1959) established a callus culture from 

the male cone of Libocedrus decurrens on salt solution supplemented 

with 2,hD and 20$ coconut milk. The culture foiled to survive after 

a few subcultures.

A viable callus culture of pollen of Thuja orlentalls 
(Rao and Mehta 1969) was obtain®! on, Heller*s medium with White's 

micro-elements. The callus was maintained on White's medium supple

mented with casein hydrolysate, coconut milk and 2,4-D. The cells were 

uninucleate and filled with starch grains.

2. Gtnkgoaceae
Tulecke (1953) was the first to cultivate Ginkgo pollen on 

White's modified medium containing coconut milk and yeast extract. 

Coconut milk or aqueous extract of the pollen induced tissue formation 

The tissue grew as a mass of undifferentiated cells having a haploid 
chromosome complement. .Morel (Gautheret 1959) established a short 

term culture of G. blloba. on a salts medium supplemented with NAA 
(5xlO"7M) and casein hydrolysate. An arginine requiring strain of 

callus from the pollen was obtained and grown on a medium containing 

arginine (Tulecke i960). Yih, Hllle and Clark (1966) found that 
boron deficiency in the medium led to reduction or cessation of 
growth. Kang and Li (1966) observed that a high (^00 ppm or more) 

concentration of .casein hydrolysate induced callus formation in 

excised Ginkgo embryos.



19
3, Plnaceae

Two genera have been cultivated In vitro, Picea and Pinas.

Pleea abies was ftest cultivated by Loewenberg and Skoog 
(Gautheret 1959)• The callus has an absolute requirement for malt 

extract which could be replaced by casein hydrolysate. Arginine, 
glutamine and urea also supported continuous growth (Steinhart, Skoog 

and Standifer (1961), Steinhart et al, (1961) have developed a 
synthetic medium containing inorganic nutrients, NAA, klnetln, 
arginine or urea, thiamine, choline, cysteine and avo-lnosltol.

They have shown that ayo-lnosltol is an absolute requirement for the growth 
gsaih of the callus,

Pleea glauca callus culture was obtained by leinert aM 
Shite (1956) on a White’s basal medium supplemented with 2,4D,

18 amino adds and 10 vitamins. Tumor tissue of P. glauca had a 
requirement for IAA (l0“5 g/ml), vit B| and vit G (i0”^ g/ml).

The requirement for IM was unusual, as most of the genetic and 

crown gall tumors do not require it. Moreover, requirement for vitamin 
C was also higher than for the normal tissue (lQ“? g/ml) (Reinert and 

Schraudolf 1959)* Kisser and White (1964) have studied organic growth 

factor requirements for a strain of cells derived from a tumor of 
P. glauca. This has resulted in a simpler medium containing White's 

nutrients, 5$ sucrose, 0*25$ glutamine, 0,1$ inositol and trace 
amounts of thiamine, niacin®,ascorbic acid and 2,412, Five fold 
increase in weight was observed in two weeks. White and Gilbey (1966) 

found that glutamine was essential for P. glauca tissue and any organic



substance or group of substances couM not fully replace it. Although 
amentum ion was effectively utilised by spruce culture it promoted earlier
differentiation in the fora of deposition of starch, lignins, tannins, 
waxy substances and resins, and in one case of reticulated mil thickening* 
These are all processes characteristic of ageing which are found in 
maturing regions. While growth with glutamine resembles that, of the 
growing region, White and Gilbey (1966) suggested that glutamine might 

be an important factor in plant morphogenesis.

were established by Boeweriberg and Skoog (1952) on a medium containing 

malt extract or pine seed extract. The other growth factors were -HAA

P. rlgtda and P. clausa (Barnes and Naylor 1958) and used it for 
preliminary metabolic studies, P. serotlna (Barnes and Naylor 1959) 

root callus was used to study the ornithine cycle In comparison with 
excised roots, Bcdgavonlc (1968a, 1968b) established stem callus 

cultures of P. sylvestris and P. nigra, P, sylvestrls formed callus 
when apical ends of segments were placed touching the medium which 
contained no auxin (Bodgavonic, 1968a), On a medium with 1AA the rate 

of callus formation was slowed down when apical ends were placed 
away from the medium* Also callus formation was mors in summer 
than in winter, and the rate of callus formation was proportionate 
to IAA concentration. 2»&D (10“%) favoured callus formation In 

P. niara and KM was found to be useful for obtaining a continuous 
culture (Bcdgavonlc , $968b). Lavaud (1970) observed that on explants

&Pinus banks and P, strobus short term callus cultures

(l0“^ and 10“^), vit (2xl0“?), choline (5xi0~?) and hypoxanthlne 

(2,5 x 10“?). Barnes cultivated callus from Isolated roots of
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of P. pinaster consisting of phloem-caafeium-xylem or phloem-cambium , 

callus formation was stimulated by IAA, HAA or mixture of HAA and 222- 
inositol. In the case of a phloen^ambium explant-a phloem ligneous 

generating layer became differentiated between the pre-existing phloem 

and newly formed parenchymatous tissue. On Murashige and Skoog's salt 

solution containing 2,4D, kin©tin, vitamins and asparagine P. pinaster 

(Alain 1971) trunk callus culture was established.

Axenlc cultures of P. montlcula, for the study of host- 

parasite relation between white pine and Cronastium rlblcola were 

established by Harvey (1967). The callus was maintained on a medium 
containing inorganic salts, NAA, IAA or 2,4D. Amino acids, B-group 

vitamins and klnetin increased the growth, but were not essential. 

Cultures with 2,4D did not lose vigor with time when subcultured every 

month for 12 months. On the other hand cultures with HAA and IAA 
slowed after 6-12 weeks and could be maintained only for 6 months. The 

callus was firm but friable and had a well developed chlorophyllous 

pigment system. The cells were large with well developed nuclei. The 

cultured cells did not grow on White's or Heller's medium.
P. nigra (Thomas 1972) hypocotyl fragments were grown on 

Halperin's mineral medium with added sucrose, amino adds, HAA and 

klnetin. The medium bad a high salt concentration and higher concen

trations of klnetin and HAA compared to those usually employed in 

angiosperm cultures.

4, Taxodiaceae

Sequoia ssiapervirens was successfully cultivated in vitro 
by Ball (1950) In a simple medium containing Knop's solution, IAA



and sucrose. The callus was able to utilise galactose and mannose 
as a carbon source. Normal and tumor tissue of J», semnervlrens 
were also grown by Morel (Gautheret 1959) on Heller* s medium,
Mil (1955) has shown that S, sempervirang can utilise galactose as
carbon source
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SECTION 2

The Sa coMary Plant Products from Tissue Culture

Hickell (1971) defined secondary plant products as "compounds 
not produced by all plants, whose functions ere not known and which 

are not essential metabolites, hut which generally have considerable 

biological activity".

Among the products identified in plant cell cultures are 

alkaloids, antibiotics, flavanoids, glycosides, organic acids, 

phenolic©, pigments, saponlns, steroids, tannins and terpenoids 
(Krikorlan and Steward 1969)*

The isolated products are not always the same quantitatively 

or qualitatively in tissue culture and in the whole plant (State. 19$3| 
Krikorlan and Steward 1969)* In certain easesju has been observed 

that differentiation helps in the production of metabolites (Krikorlan 

and Steward 1969)*

The alkaloids were the earliest secondary plant products 

to attract attention due to their medicinal value. Glycosides, 

steroids, antibiotics, essential oils, and plant pigments were also 

Isolated and. studied. The plant products isolated from tissue cultures 

and the effect of hormones, environmental conditions and precursors on 

their formation will be discussed in the following pages and some 

of the data summarised at the end of the section (Table 3£).

Alkaloids

West and Mika (1957) working with Atrom belladona cultures 
found that only isolated roots and root callus could synthesise 

atropine. Stem and leaf callus could not synthesise it unless
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microscopic adventitious roots had been formed. Excised roots grown 

in vitro had nearly the same amount of alkaloid as the root callus 
culture. Mitra (1972) reported 0.41 to 0.4,5$ of atropine per 100 g. 

dry weight of a viable culture of excised belladona roots obtained 
from ^-ray irradiated seeds. Chan and State (1965) observed that 

Datura stramonium callus cultures produced maximum alkaloid when 

grown In Murashige and Skoog*s medium supplemented with coconut milk

and phenylalanine. Alkaloids were present In lower concentration in
\

root callus than in seed callus. Scopolamine ms found to be present 

in B. stromonlum suspension culture when supplied with tropic acid 

and I. tabacua cultures (S$ohs 1969).
Hicotine, anatabine and anabasine (Furuya, Kojlraa and Syono 

119?^ have been found, to be produced by Nicotiana spp. Solt,

Dawson and Chrlstmann (i960) found that in excised root cultures of 
if. glauca nicotine production was proportional to root dry weight, 

whereas anabasine production was proportional to the product of the 

root dry weight and the length of the culture period* The nicotine 

produced by cell and callus culture was much less (0.1 ug/mg dry weight1 
maximum observed 7 ug/mg dry weight) than in the case of the Intact 

plant (29 ug/ag dry weight). Krlkorlan (1966) has shown that callus 

from embryos of N, rustics contained 0.85 g of alkaloids per £

100 g. dry weight. In general other species and varieties of 

Mleotlana tested for alkaloid gave negative or slightly positive 
results, Furuya, Kojlraa and Syono (1967) have observed that with 

Nicotiana callus IAA favours formation of anatabine and nicotine, 

but 2,4D stimulates phytosterol synthesis. Tateta, Yomamoto,



Hiraoka, Harumcto and Konoshlsa (l97l) have reported the inhibition 

of alkaloid production without affecting growth of N. tabaceusa 

callus "by auxins Including IAA even in the presence of kinetin.
Media containing kinetin alone increased nicotine production after 
a lag phase. Furuya, Kojina and Syono (1971a) have recently reported 
that IAA activate© the biosynthesis of nicotine while 2suppresses it. 
Anatabine and anabasine were also formed in the IAA grown callus.
Neumann and Muller (1971) have reported that alkaloid formation in 
tobacco callus culture take^laee after root formation. They also 

observed that growth inhibition stimulates alkaloid synthesis 
regardless of precursor accumulation.

Oatharanthus roseus contains 66 alkaloids of which four 
are found to have antitumour activity (Krikorlan and Steward 1969). 

Several workers have grown normal tissue of C. roseus (Krikorlan and 
Steward 1969)* Babcock and Carew (1962) have shown that G. roseus 

contains alkaloids similar in chromatographic behaviour to seed 
extract. Riehert, Stolle, Groger and Mothes (1965) have identified 

vindoline and vindollnine in stem and leaf callus culturesj root 
callus did not contain either substance, AjaiaaHcine was detected 
by Krikorlan and Steward (1965)* They also observed that with 

different auxins, HAA and 2tkD, the alkaloids produced were 
different. Patterson and Carew (1969) have isolated alkaloids 

produced by a suspension culture of C. roseus and classified them 
into seven structural types.



Reserplne was isolated from the cultures of* Alstonfa. 

constrleta (Carew 1965) and Rauvolfta (Mitra and Haul 1964) in 

small amounts • Blcinus communis excised roots produced ricinine 

(Hadviger and Walter 1964). By feeding labelled nicotinic acid and 

succinic acid it ms proved that ricinine is formed from these 

precursors but their concentration did not affect the amount of 

ricinine produced. Dobberstein and State (1969) have studied the 

Influence of various chemical factors on the production of indole 

alkaloids by Ipomoea violacea, Rlvea corymbosa and Argyre la nervosa 

suspension cultures. They noted that highest alkaloid production 

was obtained with Ipomoea cultures when grown on a medium containing 
alkaloid precursors like mevalonic acid and L»tryptophan. Hlrmeastrum 

vlttatum (Suhadolnic 1964) callus from germinated seeds has an 

alkaloid different from that of the seeds. Ska-lanihusxaautas 

Skythanthlne hasjbeen isolated from the callus culture of Skytanthus
" l

acutus (luchettl 1965) and harmine from the stem callus of Peaanua
i

haxmala (Relnhard, Gorduan and Volk, 1968a). Veliky (1972) observed 

that cell suspension culture of Phaseolus vulgaris transforms 

tryptophan into barman and nor^barsnan. Neumann (1968) has shorn 

that only highly differentiated cells formed alkaloids in Kacleya 

cordata callus cultures. Ogutnga and Northcote (l9?0) detected 

caffeine In tea callus culture. Solasonine, a steroidal alkaloid 

was detected in Solanum xanthocarpum shoot callus culture (Heble, 

Narayanaswami and Chadha 1968). Ruta graveolens suspension culture 

grown in continuous light gave four alkaloids, sklmraianine, kokusa- 

ginine, 6-aethoxy dectamnlne and edulinine (Steck, Bailey, Shyluk
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and Garaborg 1971a). Kovace, Wakkary and Goodfriend (1964) first 

reported the presence of a compound resembling tomatlne from tomato 
grown gall callus. Roddick and Butcher (l9?2) reported the presence 

of tomatlne in callus and excised roots of tomato. From a two year 

old callus tissue of CopIIs .ianonica berberine was isolated by 
Furuya, Syono and Iknta (l9?2a).

Glycosides

Glycosides are widely distributed In plants and some are 

often responsible for the taste or flavour of some foods and are 

also often used medicinally.
Sargent and Skoog (l96l) Isolated and identified scopoletin

glycosides, namely scopolin, fabitrln and -gentiobloside and an
tunknown glycoside which gave scopolin, glucose and an unknown compound 

on acid hydrolysis. Montaldi and Skoog (i96l) found that the amount 

of free scopolttin depends on the concentration of auxin, IAA or KAA 
in the medium and at a toxic level of auxin it is high. Kinertin 

prevented the release of free scopoletin into the medium even at a 
high level of auxin. Fritig, Hirth and Qurisson (19&7) have shown 

that phenylalanine and tyrosine were incorporated into scopolin 

and scopoletin and that the synthesis of scopoletin occurred prior 
to the synthesis of scopolin. Pilgrim (1970) detected helicin and 

isosallcln in callus culture of Agrostemmu glthago and Datura ferox. 
when fed with salicylic acid or salicylal&ehyde. Kirkland, Matsuo 
and Underhill (l97i) have reported the present® of 2-phenethyl 

glucosinolate from cell culture of Reseda luteola and 2-hydroxy,



2-phenethyl-glucoslnolate from Tronaeolusa ma.ius cell culture, 

Myrosinase, a glucosinolate hydrolysing enzyme has teen detected by 

them in seven plant tissue cultures examined. Slnauls alte callus 

culture contained glucosyl transferase, an enzyme associated with 

gluccsinate biosynthesis, although no glucosinate was detected,
Ibrahim, Thakur and Paxmanand (l9?i) have shown the presence of 

glucosides of cyanidln and malvldin in cultures of Jerusalem 

artichoke and carrot respectively. They also demonstrated the 

presence of cyanldln-3* »5,**<liSluc°side in flax callus culture, 
while the whole plant is rich in malvldin and hirsutidin*

Steroids
Benveniste, Hirth and Ourlsson (1964, 1966a, 1966b) have 

identified campesterol, ft -sitosterol, atlgraasterol, 4,4*-dimethyl 

sterol and 4-methyl sterol in tobacco tissue culture. Benveniste 

(1968) also identified cycloeucalenol and ebtusifollol in tobacco 

callus culture and suggested that these compounds sight be inter

mediates in sterol biosynthesis. By using labeled acetate it was 

shown that cycloartenol was converted to sterol possibly by more 

than one route (Benveniste, Hewllns and Pritlg 1969). Dioscorea 
tokoro (Tomita, Uomori, Mlnato and Hitoshi 1970) and rice callus 

cultures (Yayagawa, Kato, Kitaha'pa and Kato 1972) contain phytosterols, 

e.g. -sitosterol, stigmasterol and campesterol. Cholesterol was 
present in 3). tokoro (Tomita et al.. 1970). As stated earlier,

Furuya et al, $1967) demonstrated that 2,4D directs the metabolism 

of tobacco cells to produce phytosterols while IM favours the
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synthesis of alkaloids. Saul and Staba (1968) have reported 

the presence of diosgenin in root suspension callus culture of 

33, deltoldea. Callus culture of Solanuro xanthocarrom produces much 

higher quantities of diosgenin and jS> -sitosterol than the plant 

(Hebei, Naryanswarai aid Chadha 1968), S. laelnlatua (Vagujfalvi,

Maroti and Telenyi 1971) produces the same amounts as the plant#

Tomlta et al.(l970) have shown the presence of tokorogenin, 

diosgenin and yonogenin in the tissue culture of D. tokora#

Volatile oils and terpenoids

The absence of essential oils in callus cultures of Mentha sp., 

carrot, Pimninella anlsua. Coriandrum sativum. Anethum graveolens and 

Slum suave was noted (KrikorJLan and Steward 1969) 0 whereas Androgranhla 

mniculata produces three new sesquiterpene lactones (Allison, Butcher, 

Connolly and Overton 1968), identified as paaiculide A, paniculide B 

and paniculide G (Butcher and Connolly 1971)* However, the 

characteristic odors of plants are found in some cases when the 

callus develops minute plantlets or organised structures#

Recently Relnhard, Corduan and Volk (1968b) and Corduan and 

Reinhaxd (1972) showed the presence of essential oils in the culture 

of Ruta graveolens and demonstrated that light induced the callus 

to form essential oils corresponding to the leaf tissue, while 

darkness induced synthesis of essential oils similar to root tissue. 

Sardesai and Tipnls (1969) have shown the presence of geranlol in root 

callus of Coriandrum sativum, grown on White’s medium with 15$ CM,
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4 ppm IAA and 4 ppm 2,4D. Benveniste, Hlrth and Ourisson (1966b) 

have isolated the triterpenes, cycloartenol, 24-methyl cycloartenol, 

citrastadienol and 28-nor-eitrastadienol from callus cultures of 

tobacco. Squalene-2-3-epoxide, and squalene were detected in tobacco, 
callus (Benveniste and Massy-Westropp 196?). Arun&oin, a 

trlterpene present In the root and leaf of the rice plant ms also 
detected in the callus culture (Yamaaawa etal. (I9?2).

Fhenollea

The process of Signification has been shown to occur ih/ 
in vitro cultures of many plant cells. Wacek, Hartal and Meralla(l953) 

found that when conlferin and ©ugenol were supplied to callus cultures 

of carrot and spruce bark, lignin formation increased. Gautheret, 
Wacek and Meralla (1958) have shown that cultures, which had reduced 

or no power of lignlflcation when supplied with conlferin and exposed 
to air, either started the lignlflcation process (e.g. Vltls vlnefera 

and Seaulola g&gantea) or increased it (e.g. Scorzonera hisranlca and 

Crataegus monogyna). Hellanthus tuberosus shows lignlflcation 

irrespective of the addition of conlferin. Maleic hydrazlde, a 

growth inhibitor had no effect on lignin formation. Wacek et al.(l953) 

and Gautheret .et a|. (1958) have reported that proplogualcone-D- 

glucoside did not augment lignlflcation* Higuchl and Baraoud (1964) 

have shown transformation of ferullc acid into coniferylak in to vitro 

grown camblal tissues of a wide variety of trees and they have also 

studied the lignin present to these callus cultures. Hasegawa,
Higuchl and Ishlkava (i960) have isolated lignin from callus cultures 

of Finns strobus grown on nutrient agar, and found that noncondensed

;\



monomer was higher in the lignin of young tissue. The ultraviolet 
and infrared spectra show the characteristics of anglospermous and 
gymnospermous lignin. Tobacco callus did not Incorporate tyrosine into 
the lignin (Bougall 1962). Working with a cell suspension culture 

of potato Gamborg (196?) has shown that qjiinlo acid and caffelc acid 
can serve as direct precursors of chlorogenio acid. Callus culture 
of P. nigra (Vanverloo 1969) showed lignin which was like that of the 

young secondary j^lem but having an acid resistant property like 
lignin from the phloem and old secondary xylem of the tree. The 
P. nigra callus had trachelds and more syringaldehyde/vanillin ratio 

when grown on IAA than on 2,4B. Schafer and Wonder (1970) have 
studied the effect of Ca on llgnlfication and suggested that the 
scopolin/scopol*in ratio may be of even greater significance than 

either alone with regard to llgnlfication. Koblitz (1962, 1966) 
reported that kinetln and giblerellin increased llgnlfication. 
According to Bergmann (1964) this is due to Increased number of 
tracheids in colonies of callus culture. Bergmann (1964) also 

suggested that kinetln shifts carbohydrate metabolism towards 
ehikimic acid synthesis and accumulation of phenylpropane derim* 
tives. Sugar level haJ^been found to influence formation of phloem 

and nylera (Wetmore and Bier 1963) and also ligniflcation 

(Miodzianowski 1965)• In cambial callus culture of Salix clnerea 

kinetln IAA and NAA blocked ligniflcation although fibrovascular 
bundles were formed (Saussay 1967). Wacek ei al.(l953) have shown 

that coniferine did not fora irachaids and vascular elements tat 
increased ligniflcation in carrot callus cultures. Thus it seems

/



that lignin synthesis and differentiation into lignified cells are 

physiologically independent.

Tannin production In callus cultures of Juni-psrus communis 

was studied by Constabel (1965# 1968), Tannin level la callus 

diminished with increase In dry weight or growth rate. Cinnamic 

acid at 10 rH concentration stimulated growth and at higher level 
increased tannin production, light reduced tannin content to half 

of that of cultures grown in darkness although nitrogen content 

or dry weight were not affected by it. Glucose concentration at 

1-2$ increased tannin content sharply* at 2-6$ las rapidly, whereas 
at sen:© than 6$ the Increase was as rapid as at 1-2$.

Many pigmented strains have teen noted in tissue cultures 

(Gautheret 19591 Straus i960 and Constabel 196?)« Straus (1958*I960) 

isolated several sublines of corn endosperm which varied in their 

ability to synthesis^ anthocyanin and observed that aspartic acid
enhances its synthesis. Blakely and Steward (1961* 1964) working 

with a highly pigmented strain of Haulom'Prms gracilis grown on CH, NAA 

and casein hydrolysate have shown that increase in auxin level inhibited 

anthocyanin synthesis. Blakely isolated three green strains fcy 

plating the pigmented cells on medium containing ©JB NAA and casein 
hydrolysate, Sugano and Hayashi (196?* 1968) working with red

t

carrot (kintoki) tissue culture found two types, on© (AGl) having 
prominent synthetic capacity for anthocyanin and the other (jiGID) 

which produced small amount of hydroxy cinnamic a£id. ,IAA stimulated 
anthocyanin formation while 2,4D did not, Moreover, the activity of



amraonialyase for phenylalanine and tyrosine was found %o be mueh

higher in ACID than AGI. Thus it seems that the action of auxin

has a direct bearing on the primary metabolic pool. Callus tissue

of Plmoruhotheca auriculata grown with O-chlorophenoxy acetic acid

produced anthoeyanlns.s Normal plastlds were .not formed when these

cells were transformed to a medium containing auxin which supports

the development of chloroplast in originally isolated stem tissue.
Callus tissue of B. ainuata (fell, Harborne and Ardliti 19?2)

grown on O-chlorophenoxy acetic acid produced cyanMin-3-glucoside
and delphidin-3-glucoside. Constabel, Shyluk and Caaborg (1971)

have shown that H, gracilis in the presence of 2.4D accumulates

anthoeyanins, In the absence of auxin with Iclnetin or benzyl-

adenine for six days the anthoeyanln content of cells increased

and at a higher level of NAA it decreased. Leucoanthocyanin ms
detected by Goldstein. Swain and Tyhio (1962) in Acer nseudonlatanus

suspension culture and it was noted that a restricted amount of air
reduced th® synthesis. Forrest (1969) working with tea callus found

that light inhibited polymerisation of leucoanthocianin and detected

cateehin in the callus. Gronenberger, Vallet. Neteln and Mentzer
(1955) have isolated cyanidin with a trace of what was possibly 

n<delph^ln from callus culture of Virginia creeper. A colourless 
precursor, presumably leucoanthocyanidin (5-7-3'-4*-tetrahydroxy- 

flavon 3-4 diol) was also isolated.

The absence of flavanoids in th© culture of mature juice 

ves^icles from citrus fruits was earlier reported by various workers



(Krikorlan and Steward 19695* Kordan and Morgenstern (1962) reported 

that cultured vescicle stalks from mature lemon fruits frequently 

released a white alcohol soluble strongly fluorescent compound. The 

tissue turned yellow when exposed to ammonia suggesting the presence 
of flavones, flavanones, chalconos and xanthones. The chromatographic 

patterns of young seedlings and Jin vitro cultures were different. 
Miller (1969) has isolated diadsein (deoxyisoflavone) from callus 
tissue of Glvctee max (soyabean). In the presence of 2,iffl cytokinins 

were not required for deoxyisoflavone synthesis. Malonic acid was 
more effective than citric acid in promoting synthesis of the 

compound. When the tissues were supplied with 0.1 M sucrose in the 

presence of cytoklnln they f caxed diadzeln bpt in the presence of 
0.6 M sucrose or mannitol they formed an unidentified compound 
(Killer 1972). Inhibitors of protein and ENA synthesis reduced the 

production of diadzeln but cyclohexlmide and puromycln promoted 

the synthesis of an unidentified compound. Illuminated cultures 
of G. max produced the flavone apigenin at the end of the growth 
period (Hahlbrock 1972). Berlin and Burs (l97l) have isolated 

diadsein (l), coumesterole (II), soyagol (ill) and Z* 
trihydroxy chalcone (IV) from callus suspension culture of root 

tip of Phaseolus aureus. On prolonged culturing callus suspensions 

showed disaggregation and decrease in the accumulation of phenolics.

0 -IAA, oL-HAA or kinetin promoted more of (il). In suspension 
culture (I; was mainly bound to a polynwio ethanolic insoluble 

material, although a small amount was transferred to II and CG^,
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Recently a new chaleone, echinatln, was isolated and identified
t-by spectral analysis from the tissue cultee of Glytarrrhlza echlnata

(Furuya, Matsumoto and Hikichi 1971 i*)- Keiteln and Jao^uelin (1971)

have reported the presence of simple phenolic acids, cinnamic and
p-OH benzoic acid, and the absence of complex phenolic acids In tissue

cultures of seven plant species studied. Jorgensen and Balsillie
(1969) isolated pinosylvin and Its nsonomethyl ether from callus
culture of Plnus reslnosa subjected to desiccation leading to death

oover a period of 3 days at 25 0, This indicates that these compounds 
are formed by a change in metabolism of cells dying slowly under 
the influence of adverse environmental conditions as postulated by 

Jorgensen (1961). Ulaus amerlcana (Jorgenson mid Balsillie 1969) 
callus culture under similar conditions formed heartwood phenols in 

young undifferentiated parenchymatous cells.
Furuya and Kajima (1971) first reported the presence of 

aathraquinones from callus cultures of Digitalis lanata. The pigments 
isolated were (i) digitolutein,(2) ^hydroxy digiiolutein, and later 
(3) 3-methyl tuinizarin, (4) pachybasin, (5) 3-methyl alizarin and 

(6) 3-methyl purpurlne were isolated and identified by Furuya,
Kojiisa and Katsuta (1972b), the last being reported for the first 

time*

Miscellaneous CoRnounds
Visnagln, a furanochromone, has been Isolated from 

suspension culture of Atrnni visnaea (Kaul and State 1965# 1967) •
A large Mount of t-saaekiain and a small amount of jl-pteroearpin 
have been isolated and identified from callus tissue of Soohora
angustlfolia (Furuya and Ikuta 1968). Coumarins were formed in the



• I ^

cultures of Melilotus sp. (Routein and Nlckell 1956). From the 

suspension culture of Rata graveolens (steck et al« (1971) when 

grown under continuous light a new natural product rutacultin 
6,7-dimethoxy-3 ( i ’»1 * -dimethyl allyl) eoumarin and five couaarins, 

namely urabelllferone, scopoltttoa, psoralen, xanthotoxin, lsopempinllin 

and ruiamarin were isolated. From the root tissue culture of 
R. graveolens. 7*8-dlmethoxy-3(l',1'-dimethyl allyl) eoumarin 

psoralen, ber^pten and xanthotoxin were identified with the help of 

paper and gas liquid chromatography analysis by Kuzovkina, Kuznetsova 
and Smirnova (l9?i)» The phytoalexin plsatin was produced by callus 
culture of Fisum sativum (Bailey 1970). Gn prolonged sub-culture 

pisatin formation ms reduced and it was found to be inhibitory 
for growth. Glycine max grown on Heller*s medium with NAP (10**^M) 

and tryptophan (l ppm) gave fluoroacetate mid fluorooitrate (Peters 

and Shorthous«1972).
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SECTION 3

Biogenesis

Biogenesis of Anthraqulnones

Most of the anthraqLulnoae|lire polyhydroxy (methoxy) 

derivatives with little variation la skeletal structure. Early 
analysis of the natural anthraqulnones by Birch and Donovan( 1953 *1955) 

suggested that there are at least two biosynthetic routes for the 
formation of anthraqulnones. (a) compounds like emodln (l) had 

structures in accord with the acetate hypothesis, (b) while a group 
of compounds related to alizarin (IX) seemed to be formed in some 

other way, i.e. by shikimate and mevalonate route as it was liter 
proved by Zenk and^Listner (i96?&, 1968a and 1968b) and Burnett and 

Thomson (196? and 1968e$.
labelling experiments with ^ acetate by Birch, Ryan 

and Smith (1958) and by Gatenbeck (1958 and I960) established the 

acetate derivation of heminthosporin, emodln, islandloin and cynodontln. 
Additional confirmation was obtained by using 4 C, 0 acetate as 
precursor. Gatenbeck (i960), Bentley and Keil (l96l), Bullock and 

Smalley (1961) and Bu'lock, Smalley and Smith (1962) showed that 
aromatic polyketides were actually built up from a starter unit, 
usually acetate, and a chain of malonate units (formed by carboxylation 
of acetyl 00A). This ms confirmed in the case of islan&icln 

(Gatenbeck 1962) and the blanthraquinone rugulosin (Shibata and ^ - 
ifeekawa 1962, 1963). These results were obtained using mobs and 

sines all fungal anthraqulnones are structurally consistent with 
the acetate-mevalonate rout© this conclusion appears reasonable.
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As shown In Fig. 1 the variations in carton skeleton can he 

attributed to folding of the polyketide chain in different ways prior

to cyclisatlon, and also resulting from O-raethylation, side-chain 

oxidation dimerisatlon and the introduction or omission of nuclear 

hydroxyl groups. The presence of two -methyl groups in the pigment 

of Ourvularla spp. is exceptional, the origin of the second being a 

matter for conjecture. The products of animal metabolism have^-side 
chain in their anthxaquinone molecule (an exception being Erlococcua 

confusus which contains emodin and 7-hydrosy emodin)• There are 

indications that phenolic compounds found in marine invertebrates 

arise by the acetate malonate pathway, although biosynthesis by 
microbial flora cannot be excluded (Salaque, Barbier and Lederer 1967).

Half of the anthraquinones found in higher plants unlike
emoain are substituted in only one oft the bensenoid ring an^say be

totally devoid of a carbon side chain, i.e. alizarine (IX) or hydroxyl
groups, i.e. tecibquinone (X). The majority of these occur in the

Rubiaceae (subfamily-Rubioideae) and, to a lesser extent, in the

Blgnonlaceae and Verbenftaeeae (teaks) heartwood, iectoquinone fjx) being

present in all three. The anthraqulnones present in Blgnonlaceae
and Verbenaceae

(Burnett and Thomson 1967, 1968)£(Sandermann and Simatupang 1966) 

heartwood are accompanied by naphthaquinones, ex .deasy lapachol (XI),

while the Rubiaeeous plants contain a number of naphthalenic 
compounds )XII), (XIII) and (XIV) and also 4-aethoxy-l-naphthol 

(Burnett and Thomson 1968b), These finds suggested that (XI) Is 

synthesised in vivo by prenylatlon of a naphthol precursor followed
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by oxidation, and since (XI) can be converted to (x) in vitro, either 

by borontrifluorid© catalysis or by irradiation, it seems likely that 

the substituted (C) ring in this group of anthraquinones is derived 

from mevalonate. Burnett and Thomson (1968c) and Lls%ner and Zenk(1968a) 

have established the above hypothesis by feeding experiments in Rubia 
tinctorum (madder) plants with 2-^C mevalonate. Appropriate degra

dations of peeudopurpurin |XVI), which had the same specific activity 

as rubladin {XV) and double that of alizarin (IX) and purpurin (XVII) 

established that carbon-14 was distributed between the side-chain and 

C| in ring (c). This indicates that the origin of ring C In Rubiaceoue 

anthraquinones Is as shown in scheme 1 and presumably the same pathway 

is followed In Blgnoniaeeae and Verbenaceae. The intermediates 

(XI and XVIII) have not been detected In R, tinctorum but a pyran (XIV) 

has been isolated which is equivalent to (XI) and (XVIIl), and a low
csr

Incorporation of deoxylapaehol j(Xl) into alizarin has been effected.

The Cjq precursor has not been Isolated and identified. Labelled 1,4-

naphthaquinone was readily Incorporated into alizarin (Leistner and

Zenk 1968c), most probably by reduction and prenylatioa of the quinol.

U-^G shikiraic acid has been shown to be totally incorporated Into
calizarin and purpurin (Leistner and Zenk 196?^in R. tintorum and. thereby 

provides the whole of ring A and one of the qulnone carbonyl groups.

Hence the precursor must have originated ffcom shikimlc add,

All the anthraquinones in Rubiaceae are not substituted 

In one ring only. As shown in Fig, 3, some of the species (Coprosma, 

Korlnda, Digitalis,etc.) contain both one ring substituted and both the 

ring substituted anthraquinones. These can be derived from the 

shikimate-mevalonate pathway, but there Is no experimental evidence.
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Digitalis was known to have only one ring substituted anthraqulnone, 

leading to th© conclusion that they are derived by shlklmate-mevalonate 
pathway. However, In a recent investigation of I), purnuroa. dlgitolutein 

and 3-methyl alizarin were absent or barely detectable among a large 

number of trace components of which (XXIII) and (XXIV) could be 
Identified. Pachybasin (Curtis, Kassal and Parry 19?l) an anthra- 

quinone substituted in one ring only, which occurs in teak wood 
(Verbenaceae) and as a metabolic product of the fungus Phorea foreata 

was found to be synthesised by acetate-mevalonate pathway in the 
fungus. Gbrysophenol (Leistner 1971) in Ruraex alplnus and Rhamnus 

frangula nas found to Incorporate labelled acetate. Hence the 

possibility that plants may utilize more than one metabolic pathway 
for the formation of anthraqulnone cannot be ruled out.

Until recently anthraquinones were regarded as metabolic 
end products. However, inf ergot (Clavlcens purpurea) anthraquinones 

and ergochomes (XXVI) occur together (Franck 1969) and It has been 
established that the latter are derived from the former by feeding 

experiments with labelled eraodln. Similarly sulochrin (XXVII) was 
shown to be derived from questin. (1,6-Dihydroxy-3-n©thyl,8-methoxy- 
anthraquinone)In cultures of Penicillins frequentans (Thomson 19?l)«

Study of biogenesis in tissue cultures

In his review Stata (1963) has discussed the biosynthetic 
potentialities of various organ and tissue cultures and has stated 
that tissue cultures are cytologlcally, physiologically and 
biochemically distinct frouf the parent plants. However, a few organ 
and tissue cultures have been reported to synthesise compounds 

present in parent plants.



The biosynthesis of secondary metabolites was studied In plant

tissue cultures by feeding various precursors, Thus by feeding L-oralthine- 

HC1, L-phenylftianlne and both together, and from the percentage of alkaloid 

isolated from callus cultures of Datura stramonium. the biosynthetic 

pathway for tropane alkaloid was postulated (Tomita 1971)• One 

of the earlier reports on biosynthesis of secondary metabolites by using 

the tracer technique was by Hasegawa, Higuchi and Ishikawa (i960) on 

biosynthesis of lignin. Tissue culture of white pine readily incorporated
litglucose-1- C and shUdunste-R-1 G into lignin (Higuchi, Ishikawa and 

Hasegawa i960). Further work by Higuchi (1962) has shown that phenyl 

alanine, p-coumarlc acid and ferulie acid wore quite good precursors 

of conifer lignin and that the lignlfication route via phenylpropanolc 

acid is operative in these tissues, Bar&inskaya (i960) has reported the 

use of tissue culture in the study of biosynthesis of lignin, and 

Garaborg (196?) using potato cell cultures has shown the direct incorporation 

of lkc qulnic acid and 14C caffeic acid into ehlorogenic acid and also has 
shown that a large portion of labelled carbon from aromatic compounds 

(cinnamic acid, p-coumaric acid,, caffeic acid, sbikimic acid and 

quinic add) was incorporated into the alcohol insoluble fraction 

and was associated with Klaeon lignin* Solt ejt; ajl»(l96o) using 
root cultures of N-glauca have shown that labelled ornithine was 

incorporated Into nicotine and labelled lysine into anabasine. By 

using labelled acetate as precursor labelled squalen© 2,3-epoxide 
was isolated from tobacco tissue culture and was shown to be an



Intermediate in the biosynthesis of phytosterols Cfenfteniste and Mussy- 
Westropp 196?). ^C-sq,ualene 2,3-epoxide was converted to cycloartenol 

and 24-CH3 cycloartenol by tobacco tissue culture under anaerobic
conditions (Eppenberger 1969). Pritig, Hirih and Ourlsson (1970)

✓
have shown the incorporation of labelled li-phenylalanlne into scopoletin* 
and scopolln, cinnamic acid and hydroxy cinnamic acids (p-coumaric acid, 

caffeic acid and ferulic acid) and also indicated that scopoletin is 

synthesised prior to scopolln. The biosynthesis of scopoletin was 
studied by feeding tobacco callus cultures with U~ C phenylalanine, 
2-^C-cinnamtc acid, 2-^C glucoslde ferulic acid and aethyl-^C- 

methionlne (Tomita 19?l)» Ricinine biosynthesis in excised roots of 
lieinuro commonls was studied by Hadwlger and Waller (196*0 and was 
found to incorporate nicotinic aeid-?^C and succinic acid-2,3-^C.

Stohs (1969) has shown the incorporation of radioactive tropine and 
tropic acid Into scopolamine and hyoscyaalne by suspension cultures 
of Datura stramonium and N. tabacum. It has been shown that the 
amount of scopolamine produced exeed&fti the formation of hyoscyamine 

and cultures of D. stramonium more than three months old lost much of 
their ability to synthesise these two alkaloids. Benvenlste et al«
(1969) has shown the non-specific conversion of ^G-cycloartonol 
(which was obtained with other labelled sterols after feeding the 
callus with labelled acetic acid) into sterols and stated that the 

scheme, cycloartenol —> methyl-2k-cycloartenol —^ cycloeucalenol -> 

obtusifollol "lophenols" etc, might be only one of the pathways 
followed. By adding 160 mg/l, tryptophan to the standard medium 
of §haseolus vulgaris the concentration of the alkaloids norharj&an



and harman were increased and also no alkaloid was produced, with 
inorganic nitrogen indicating a direct role of tryptophan in the 
biosynthesis of carboline alkaloids (Veliky 1972).

The conversion of labelled mevalonic acid into sapogenlns, 

diosgenin, yonogenln and lokosogenln by the following route, in 

callus cultures of Datura tokoro have been reported* MVA squalene 
2,3 epoxide —> cycloartenol cholesterol 26 hydroxy cholesterol 
16,26 dlhydroxycholesterol 16,22,26 trihydroxycholssterol
diosgenin yonogenln tokonogenin (Tomita 1971).



PHBSINT INVESTIGATION

The object of this work is to establish tissue culture 
of forest trees and to study their nutrition and the formation and 
biosynthesis of phenolics by a tissue culture*

Viable callus cultures of Tectona grandis (Teak),
Artocarous heteroxfayllus (jack)» Moms alia. (Mulberry) and 

PopuIub nigra (Poplar) have been established Igt vitro. The 

nutritional requirements of teak callus were studied in detail 
and one unknown and two known phenolic compounds were isolated 
and characterised. The structure of the unknown compound was 
established by synthesis and its biosynthesis was studied by the 
use of lsotopieally labelled precursors.

Tissue cultures of some species of poplar have been 
established in vitro by several workers (Gautheret i959t Valter 
1964} Mathes 1964a). The cultures of other trees, i.e. jack, 

mulberry and teak have been initiated and established as viable 
cultures for the first time in the present work.

Chapter 1 deals with Materials and Methods*

Chapter 2 deals with Initiation and establishment of 
continuous cultures of Teak, Mulberry, Jack 
and Poplar.

Chapter 3 deals with Nutritional requirements of teak 
tissue culture.

Chapter 4 deals with Isolation, identification and 
synthesis of teak quinone-A.

Chapter 5 deals with (a) Effect of some nutritional factors 
on teak quinone-A, (b) Biosynthesis of teak 
quinone-A.



: CHAPTER - 1 

MATERIALS AS© METHODS

*•*



SECTION - 1 

Materials

The inorganic salts used for the preparation of media and 
the carbohydrates were of analytical grade (British Drug House or 
E. Merck). The following were from the sources indicated in 

parenthesis. Yeast and malt extracts, fcacto casamino acids, casein 
hydrolysate and baeto agar (Difco), auxins, vitamins, nucleotides,
oklnins, aminoaoids (Sigma Chemical Company or BDH), AMO 1618 

(California Biochemicals).

I wish to acknowledge generous gifts of the following 

chemicalst Zeatin from Hr. G. Shaw, U.K., and Dr. D.S. Letham,

New Zealand, 2-BTOA from Dr. H.Y. Mohan Ham, New Delhi, C.G.C. from 
American Cyanamid Company, New Jersey, absoisic acid (II) from 

Hoffmann La Roche, Basle, and glbberellins (GA^, GA^# Gkfy, GA«j, 
GA^j/GA^, GA^ and GA^-j) from Imperial Chemical Industries, U.K.

The plant materials used are from the following sources! 
Tectona ggandis (Teak) and Poculus nigra (Poplar) fro® the Poona 
University garden. Morus alba (Mulberry) from the garden of this 

laboratory. Artocarnua heteronhyllus (Jack fruit) ,-/■ Seeds 
collected from freshly out fruit from the local market and 

germinated as described in Methods.

Ferric ethylene diamine tetraaeetic acid was prepared 
according to Murashtge and Skoog (19&2). Coconut milk was obtained 

by pooling together the filtered water from a number of tender



green coconuts, autoclaving at 15 lbs per sqt.inoh for 20 min. and 
storing at -20°0. Before use it was thawed and filtered.

'fhe silica^ gel used for chromatography was 200 mesh for 

thin layer chromatography and 40-60 mesh for column chromatography. 

All the solvents used were distilled and purified. The spectrum 

pure alcohol ms obtained by twice distilling alcohol, and stored
7

5^ in a brown bottle. Before use Its purity was cheeked by taking 

its IW spectrum.
Glassware

All glassware used ms Corning brand. It was cleaned 

by boiling in a solution of sodium carbonate, rinsing with tap 
water, immersing In 30$ nitric acid and then washing successively 

with tap water, distilled water and glass distill®! water. It was 

dried at room temperature on a draining rack. Test tubes and 

flasks used for cultures were plugged with absorbent cotton wool, 
autoclaved at 20 lbs. per sq. inch for one hour and dried at i00°C 

for 2 horns.



SSCTIOK - 2 

Composition of Media

The composition of the different basal media used in the 
course of this work is shown in Tables 3A# 3B and 30 ♦ The supplements 

added to the basal media and their concentrations are described In 
the text. Modified Belnert and White’s (1966), Murashigs and 

Skcog (1962) and Blaydes (1966), macro and micro salts (Tables 3k 
and 3B) were prepared according to their original publications.

All the other media were modified as, described below and therefore 
refer not to the media described in the original publications, but 
to modification as shown is the respective tables and marked with 
an asterisk. The macro salts (Table 3A) in the media were exactly 

as described in the original publication. Among the micro elements 
(Table 3B) iron was added as ferric EBTA In White's and Smith's 

at the concentrations shown In the Table instead of ferric sulphate 
(Whites 195*0 and ferric tartrate (Smith 196?)* The trace elements 
added to Knop's were according to Smith (196?) and aluminium and 

nickel chlorides omitted from the micro salt solution originally 
used by Heller (Gautheret 1959) • Copper and molybdenum were added 

to Whites media at the concentrations used by Smith and Smith's 
medium was supplemented with potassium iodide at the same level as 
in White's medium* Thiamine, pyrld&xine, nicotinic acid and 
glycine (Table 3G) at a ten times higher concentration than those 
used by Whit© (195*0 were added in Whites, Khops, Hellers and 
Smiths media (Table 3C). . In Kurashlge and Skoog's medium glycine 

was added at 1 rag instead of 2 mg/l and In Relnert and White's at
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3 rag Instead ofAmg/l. Ho changes were mad© £n the organic constituent 
composition in Blayde’s medium*

The sucrose concentration was 20-30^/lltre and that of 

ag?rr 7 g/lltre, The sucrose concentration used 1® mentioned in the 

composition of each medium in Chapter II fee the initiation of callus, 
but in the nutritional studies on teak callus (Chapter III) it was 

kept at 30 g/litre according to Murashig© and Skoog (1962),

Abbreviations have been given In Table 3D to describe the 

composition of the more frequently xised media. Any changes in these 
basal media are shown in the corresponding tables.

Preparation of media

After the addition of the supplements indicated in the 
respective tables the basal medium was adjusted to pH 5.8-6.0 and 

then made to volume. For semisolid midium agar was added at Q«?$.

The medium was steamed for 30 min. to melt the agar and$ transferred 
in 20 ml lots t© test tubes (25 x 150 mm). Sterilisation was carried 

out by autoclaving at 15 lbs per sq.inch for 20 min.-, followed by 
steaming for 30 min. on the subsequent day. Heat labile compounds 

were sterilised either by passing through a seits bacterial filter 
or dissolving the solid compound in 70^ alcohol and storing in a 

sterile flask. The heat labile compounds were added aseptically 
to the medium at the required level© after the autoclaved medium 
had been steamed on the second day and had come down to a temperature 
of h0°C, The contents of the tubes or flasks were then rained 

thoroughly.



SECTION 3
Methods of Subculture and Growth Measurement 

(a) Inoculations

AH inoculations were carried out in a sterile room under 

an inoculation hood having an ultraviolet lamp which was switched off 

during inoculations* A continuous stream of air, which was sterilised 

by passing through aluminium strips coated with glycerine followed 

by irradiation with tl.V* light was passed through the room. Sterile 
forceps, scalpels and Petrijkishes were used for transferring the 

plant tissues during the Inoculation and subculture* Callus 

tissue pieces of teak, mulberry, jack fruit and poplar having 

approximately uniform initial weight, as judged visually, were 

removed from four to five weeks old agar cultures and transferred 

to test media. Teak callus was generally grown on Medium No.i 
(Table 4) for maintenance and for use as inocula for growth experiments 

The wet weight of teak callus inoculum was between 80 - 120 mg. per 

tube. Similarly jack, mulberry and poplar callus were grown on 
Media 3, 4 and 5 (Table 4) respectively. The inocula sises for these 

cultures were between 6O»80 mg. par tube.

Measurement of growth

Wet and dry weights were taken as a measure of the growth 

of the callus. Dry weights were obtained by drying the callus at 

100°C + In comparing growths both dry and wet weightB were 

taken into account. Changes In dry and fresh weight were generally 

similar but in some cases the water content varied considerably.



Standard, error
To determine the difference in weight between replicate 

cultures an experiment was set up in which teak callus of uniform 
size was transferred into 20 tube® of standard medium. After 35 
days the weight of the tissue in each of the tubes was taken and

zthe standard error was obtained by the formula + / where

is the difference between the individual value and the average 
and a the total number of tubes (Kurashige and Skoog 1$62).

The difference In the weights of the Inoculum was also 
determined in a similar manner using 20 different pieces of fairly 
uniform inocula. The standard error of inoculum was below 75S and 
for the final weight between 6 and 10 per cent. The resulfas of 
experiments in which there was visibly a markedly(higher or lower ) d'^'y 

growth In one or more tubes were not taken Into account for 
determining standard error.

The growth measurements of all the cultures were generally 
made at the end of 30 to 35 days after which time the wet and dry
weights were determined. The average growth of five replicate

>its a e f.v''cultures was measured by Steward (1963) in his growth studies and 
a similar number of cultures was kept in the present investigation * 
Incubation, of cultures

After inoculation the cultures were incubated in a dark 
room at 27°C ± 1°G where the relative humidity was maintained at 
60 to 70 per cent.



SECTION 4

(a) Estimation of teak-quinone A
A known quantity of teak quinone A (crystallised from benzene 

and Isolated as described in Chapter IV) was dissolved la spectrum 

pure alcohol and the absorption spectrum of this standard solution 
was recorded on a Beckman ratio recording spectrophotometer model DK-2. 
The pigment showed maximum absorbance at 410 mp.and 276 syu.

Teak quinone A was isolated from teak callus grown on 

different media and its absorbance at 4i0 ra^Lor at 276 injwms 
measured either on a Beckman spectrophotometer model DK-2 or DU.

From the optical density of a known amount of sample of pure Teak- 
quinone Ay the amount of Teak quinone-A/g tissue for the unknown 

samples was calculated*

(b) Counting of labelled teak-quinone A

Teak callus culture grown ona Murashig© and Skoog* s medium 
having GA^ at 10 ppm me fed with labelled acetate (2-^C) and 
2-^C mevalonate. The detailed experimental procedures of feeding 

and Isolation of pigment are described in Chapter V» Section 2.

After purifying the Teak quinone A. its concentration was 
estimated as described in Section 4(a)» A known amount of labelled 

teak quinone A was dissolved in a known quantity (0.1 to 0.2 ml) 

of pure methanol and this was added to 5 ml of Bray’s scintillation 
fluid of the following composition* Naphthalene 120 g£* FFO 8 g$j 
F0F0P 0.4 Methanol 200 ml* Ethylene glycol 40 mil Dioxane 1700 ml.
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The radioactive counts were taken on a Packard liquid 

scintillation Spectrometer, model 3002, having 90$ efficiency. Rroa 

the counts per mg of pigment taken, the counts per total amount of 

pigment was calculated. Percentage incorporation and specific 

activity were calculated fcy the following formula©!

dpm of isolated compound v
(1) % incorporation ** . - _ . * 100
' dpm of precursor fed

dpm of compound taken for oounts „ Molecular weight
(2) Specific activity = BBl^t of ^ Mni>oOTa te6an of the expound.

for counts



CHAPTER. - II

INITIATION AND iilAINTEHANCE OF CALLUS FRCM»■*—»*«• V*«ara*«-jr t mwf t — jw t»nmu«»»*«—

EXPLANTS OF TEAK. JACK. MULBERRY AND POPLAR

•***



When this work was initiated there were very few reports 
regarding the establishment of viable callus cultures from forest

trees. According to Gautheret (1959) only 4 oufc of 25 species 
tested formed viable callus, while Jaoquiot (1959) was successful 
in cultivating seven out of twentj^lve trees tested. In most 

instances suboptteal nutritional conditions might have been 

responsible for failure to establish successful cultures from 

this group of trees. In order to initiate and establish viable 
callus cultures from teak (Tectona erandls), jack (Artocaruus 
heteroohyllus). mulberry (Morus alba) and poplar (Pouulus nigra) 

several media were tested. The possibility that media necessary 
for callus initiation and for maintenance on subculture may be 
different was kept in view when this work was begun.

This chapter deals with the standardization of conditions 

for callus initiation from branch segments or seedlings of teak, 
jack, mulberry and poplar and studies on their viability on repeated 

subculture, Greater emphasis has been given to teak because of its 

economic importance, Its ready callus formation and the visible 

pigmentation of the callus. Based on the results of these studies, 

callus cultures of the other three forest trees were obtained and 
the effect of different nutrient supplements tested.
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SECTION 1

(a) Initiation of callus from teak

A branch 2,5 - 4 cm in diameter from a teak tree, approximately 
8 years old, was cut into 5-8 cm pieces. For sterilization two methods 

were followed, (All operations were carried out under aseptic conditions 
with steril^lolutlons). In the first, segments of the branch were washed 

with distilled water after scraping off the outer bark and then rinsed 
for 10 min with distilled water containing a detergent (BET), The 

detergent solution was poured off and the piece® were washed thoroughly 

with distilled water, and then put into 7C$> alcohol for 10 min., washed 
with distilled water and finally transferred to a flask containing a 10$ 

sodium hypochlorite solution. This treatment was given for 20 min, 

under vacuum with occasional shaking. The hypochlorite solution was then 

poured off and the pieces were rinsed 5-8 times with distilled water.

In an alternative method of sterilization after washing with detergent, 

the pieces were flamed 3 times after dipping in ?0$ alcohol.

The sterilized stem pieces were placed separately on a sterile 
wooden block and 2-4 ram. square portions containing the cambium and pht&em 

were carefully dissected out with a scalpel and then transferred to test 
tubes containing different media. Younger twigs (i-2 cm diameter, 2-3 cm 

length) after sterilization were divided longitudinally into 4- wedge shaped 

pieces and transferred to different media. Initiation of callus was 

observed after 10-15 days. In addition to branches and twigs^petioles 

were also used. The petioles were cut into 0.5-1 cm sections and 

transferred to tubes containing different media.
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Twenty one different media combinations were tried for the 
initiation of callus (Table 5) White's basal medium (WBM) supplemented 

with yeast extract (Expt. 2) or pantothenate and biotin with MA and 
coconut milk (Expt. '•, and Reinert and White's modified basal 

medium (RWBM) having casein hydrolysate, 2,413 and kinetln gave goal 

callus formation* RWBM without pyridoxins and with 2,4D, GK, £31 and 

vitamin C gave best callus formation (Expt. 20). The minimum require

ment for callus formation was a basal medium containing NAA and CM or 
RWBM without pyridoxins but with kinetln and 2,4D (Expts. i & ii).

Malt extract inhibited callus formation (Expt. 3) which was reversed 

by pantothenate jjExpt. 5). Callus formation also took place with 

petioles on RWBM containing 2,433 and kinetln and CH or GA^ and vitamin C 

(Expts. 14 & 17).

(b) Growth of teak callus on subculture

For the survival of callus on its first subculture 14 different 

combinations of media were tried (Table 6). WBM with 2,4D, CM, panto

thenate and biotin supported slight growth of callus (Expt, l). RWBM 

supplemented with vitamin C, 2,433, kinetln and CH gave better growth 

of callus than without vitamin C (Expts, 8 &6) although it was a 

good callus forming medium with primary explants. Optimum growth 

of callus on its first subculture was obtained on Knop's basal medium 
(KBM) having 2,433, kinetln and CH (Expt* 13). Coconut milk was 

superior to kinetln (Expts. 14 and 15), while biotin and pantothenate 

showed' an inhibitory effect (Expts. 13 & 14). KBM with 2,4D, 

kinetln and CH did not support the growth of the callus on its
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second subculture (Sxpt. 13) • Similarly, KBK with CH, vitamin C, 

caffeine, inositol tryptophan, glbberellic acid, NAA 2,4D, IE and ME 

in various combinations (Expts, l?-3Of’ w&s found to give poor growth 

of callus. When the basal medium was changed to Murashige and Sfeoog’s 

(MSBM|) and supplemented with IAA, kinetln and CH best callus growth 
occurred (Expt. 315* It must be noted that MSBM^ contained 1 ppn 

of glycine Instead of 2 ppm. GAj and vitamin C (Expt, 32) under these 

conditions did not further enhance growth. When IAA was replaced by 

2,4b (Expts. 3^ and 35) or NAA (Expts. 32, and 33), growth was poor 
even in the presence of kinetln, indicating that IAA is the best auxin 
for the proliferation of this callus. Even in the 4th subculture it 

wasj{ noted that CM was better than kinetln (Expts. 3i & 36).

On medium 36 & 37 the colour of teak callus progressively 

changed from bright yellow to orange and the pigment gradually diffused 
into the ^lum. Tho Isolation of the planted oonponont In callus 
tissue was therefore attempted. The callus was maintained on MSBM^ 

supplemented with IAA, CH and CM upto the 10th subculture. As 
described In the next chapter (Chapter III), after the 10th subculture 

CH was omitted and the level of glycine was increased to 3*2 ppm.

After the 15th subculture the level of glycine was maintained at
i } L , \2 pjsa as in Murashige and Skoog*s original report, ( 1 )



PUii..1
(A) Initiation of toak callus on explant 
(a) Teak callus

gU&LJUL
Callus of U) Jack; (2) Mulberry 
and (3) Poplar.
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SECTION J2

Initiation of callus from .lack, mulberry and poplar

The seeds of jack tree were obtained from a freshly cut

fruit and sterilized as follows. They were successively washed with

detergent, distilled water, 70% alcohol and 1035 hypochlorite solution.
Further manipulations were carried out asceptically. After 15 min

of hypochlorite treatment the seeds were washed free of chlorine with

sterile distilled water, transferred to sterile tubes having moist
ocotton and allowed to germinate at 28 G in the dark. After 10-15 days 

the seedlings were transferred to Petrijklshes and the shoot regions 

cut into 2-4 mm long segment© and inoculated into test tubes containing 

different media.

Explants of mulberry and poplar were obtained from small 
branches (l~2 cm diameter), sterilized and Inoculated into media 

according to the method employed for teak.

Jack callus

Explants from seedlings were cultured on 30 different media 

(Table ?). Callus formation was initiated on WHI supplemented with 
various growth factors (Expts. 2-10 and 12), but not when 2,4D and kinetln 

(Expts. 11-13) were used together, When a pure sample of pigments 

normally present in the jack tree was added to the medium, callus 

formation was inhibited (Expts. 14 & 1$). WBM having NAA, CM, YE, ME 

and inositol gave good callus formation but better callus formation 

was noticed when BTOA replaced NAA (Expts, 4 & 12), CM was better than 

kinetln for callus proliferation (Expts,12 & 14). At lower concentrations
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of inositol (0.5 ppm) or CM {$%) or YE (0.05#) or ME (0,05^) there 

was very little or no callus formation (Expts. 18-20). There was no 

callus formation on any other basal medium except RWBM having 2,4D,

CM, YE and ME (Expt. 21).

Mulberry callus

The optimum requirement for callus formation in mulberry 

(Table 8) was a basal medium (WBM, RWBM or MSBH| supplemented with 

pantothenate, biotin, 2,4D (IAA) and kinetin (or coconut milk)

(Expts. 2,6 & 7)t XM and 2,4D together yielded better callus 

formation than NAA alone (fixpt. ? * 8). The Initiation of callus 

was observed 10-15 lays after inoculation and after 35 days the 

tissue was subcultured. The callus was whit© in colour when grown 
on^xpts. 2*6) WBM and RWBM and tan in colour on MSBftj(J2xpt. 7).

Poplar callus

The initiation of callus from primary explants of 

poplar was noticed 10-15 days after inoculation on media noted In 

Table 9. The minimum requirements for callus formation were NAA, CM 

or klnetln, pantothenate, biotin with MSBftj or RWBM. The best callus 

formation was observed with containing NAA, klnetln, pantothenate,

biotin and 3$ sucrose.

Growth on subculture

The experimental results on the survival of callus of poplar, 

jack and mulberry on repeated subculture are given in Tables 9, 10, * 11 

respectively. The best callus forming media for jack explants did not
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support growth on subculture, but when supplemented with artocarplne, 
a pigment from jack wood (Expts. 2 & 3f Table 10) a lit tils growth was

\

8 u

observed when tissues were Incubated at 26°G. The effect of arto-
fExffc4&5J

caxpine was not observed when callus was grown at 29-30°^ a temperature 

found suitable for jack callus. Further studies on this compound were 

not pursued. Since HSBKjWss found suitable for the cultivation of 

teak callus, this basal solution with BTOA, CM, HE and ME was also 
tested and found to be good for the survival of jack callus. Either 

BTOA and CM or klnetin and IAA were equally effective as supplements 
(Table 10j Expts, 7 and 8), whereas relatively poor growth was observed 

with BTOA and klnetin (Table 10, Expt. 9). eliminate the possibilities

of the presence of unknown factors especially phenolic© in CM, Blaydes medium 

with 2,4B and klnetin was tested.. This medium with or without 10 ppm 

of tyrosine and phenylalanine singly or together gave good growth
(Table 10 j ISxgts, 11 & 12),

Since mulberry resembled teak in showing better callus 

formation on a high salt medium it was transferred to RWBM or MSBKj 

with pantothenate, biotin, YE, ME, CH or klnetin, IAA or 2,433, In 
different combinations (Table ll)» 2,4B with RWBM (Expt, 2) car MSBM^ 
(Expt. 6).^ as well as HAA (expt. $) gave poor growth, YE and ME ■ 

singly or pantothenate and biotin together gave good growth (Expts.

4, 7 & 8), Since the medium (Expt. 4) is chemically defined the 

callus has been maintained routinely on this medium by subculture 

after every 35 days, (_ plafa -IT ■
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IThe different media tried for survival of poplar callus 
are listed in Table 9» In the case of poplar the best medium for
callus Induction is also the best for survival on subculture. When 
different basal media (Expts. 3-6) were tried it was noted that MSBM 

with MM, kinetin, pantothenate and biotin gave optimum growth. The 
culture is routinely being maintained on this medium and subcultured 
every 25-30 days.

SECTION 3

Change of growth rate of the cultures on subculture
The growth rate ol^he cultures which was^ery low Initially 

Increased with subculture (Figs. U & 5), The growth rate of teal? showed 

marked fluctuation. With jack callus (Fig,5) maintained on Blayde*s 
medium, the growth rate was more uniform throughout. A steady 
increase in growth was observed with mulberry cultures after the ninth 
subculture (Fig. 5)» The rate of growth changed very markedly with 

poplar callus. In the first few subcultures the growth ratio (ratio 
of final fresh weight to initial inoculum weight) was t0-15 whereas 

later It was 30-40.
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SECTION 4

Appearance of the callus

Teak, poplar and Jack grown on agar medium formed undifferen

tiated masses of cells. Teak callus was compact, hard and li$»t 

yellowish-orange to brown in colour depending on the composition of 

the medium and incubation period. After 20-25 days the callus 

gradually sank into the semisolid medium. When callus was grown 

on MSBH^supplemented with CH, IM and klnetin it was pale yellow in 

colour after 25-30 days. On the other hand by addition of Ghgf or by 
replacement of kinetin with coconut milk the callus was bright yellow 

to orange In colour* The callus turned brown after 40 days in medium 

containing CM, and after 60 days in medium having kinetin. Callus 

of Jack and poplar was soft and friable. Jack callus was brown and 

poplar callus white, till the 25th subculture, but later slowly turned 
pale yePow and at present is light brown. Mulberry callus consisted 

of a mass of brown undifferentiated cells with a few white roots.

These roots in general did not grow beyond 1-2 mm and were not affected 

by the length of the incubation period, except in a few cases where 

some roots thickened and grew to a length of 2-3 cm.

Reproducibility of the Results

Tissue cultures were established from the branch segments 

of teak In four independent experiments using RWBM supplemented with 
2,4D, kinetin and GH or RWBM (without pyridoxins) with 2,4D, CM, GH 

and. vitamin C, from mulberry In two experiments using RWBM with 2,4D,

CM pantothenate and biotin or MSBKj. with IAA, 2,4D, kinetin, panththen&te



and biotin? from poplar in two experiments using MSB^ with NAA, 

kinetln, pantothenate and biotin and fro® jack seedlings in three 
experiments using WBM with MOA, CM, XE, ME and inositol* Callus 

initiation was visible after 25 days with jack, whereas with the
i

other three trees it took about 15 days*

All the cultures were viable on their respective media 
for more than six years and with the exception of jack they are 

being routinely maintained in this laboratory.

The results of these experiments indicate that viable 
cultures can be obtained from branch segments of teak, mulberry and 
poplar and from seedlings of jack* For jack and teak the requirement 

for callus formation is a basal medium supplemented with auxin, 
cytokinin, <21, XE or Ml. Mulberry and poplar formed good callus 

when the basal medium was supplemented with an auxin, coconut milk, 
pantothenate and biotin. Kinetln could replace coconut milk for 

poplar callus formation. Mulberry callus could be maintained on MSBM 
supplemented wit^AA, kinetln, pantothenate and biotin, which 

differed from callus initiating media by the absence of 2,4D. The 

media required for callus formation and roaintenance were the ©am© 
for poplar (i«e* MSBMj with IAA* kinetln, pantothenate and biotin). 

With teak and jack the media for callus initiation and maintenance 
were different and a basal medium containing a high salt concen
tration gave good growth.
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Discussion

The primary purpose of the present study was to obtain t 

viable callus cultures from some of the forest trees on a chemically 

defined medium* and this objective has been attained fear teak* jack, 

mulberry and poplar.
The minimum requirements for the formationcf callus by all

the four tree explants were a basal medium containing mineral salts,
vitamins, glycine, an auxin and Rinetin or coconut milk. Supplements

like pantothenate and biotin were found to enhance callus initiation
from explants of teak (Table 5* expt. 7)» mulberry (Table 8, Expt,$)

and poplar (Table 9* Expts. 1, 2 & 3) but not from jack (Table 7»
Expt, ?)• The mineral salt composition of the basal medium influenced
callus formation in the case of poplar (Table 9» Sxpts. 1 to 3), but

not of mulberry and teak. Various workers have shown that different
tissues differ in their auxin requirements. Although it is not

certain whether an auxin Is necessary for callus formation since
the explants in the present study were not grown on auxin free media,

the results with different auxins show differences in callus formation
(Table ?, Expts. 8 £ 9 and 4 & i2) and (Table 8, Expts. f & 8).

Media without kinetin or coconut milk were tested only for teak
yexplants and the results definitely indicate that for callus poll-A

feratlon these growth factors are necessary (Table 5» Expts, 21 &ll). 

Coconut milk was found to be growth enhancing for teak (Table 5. expts.

19 £ 20), jack (Table 7, Expts. 12 & i4) and poplar (Table 9» Expts.1&2),
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Halt extract was found Inhibitory for teak (Table 5» Expts. 2 A 3) 

and stimulatory for Jack (Table ?, Expts. 2 A 3)• The enhancement of 

growth by Inositol with Jack tissue (Table ?, Ejqots, 3 & 4) may be 

due to the "antinecrosis effect" mentioned by Jacquiot (196*#-) •

Although teak and Jack formed callus on RWBM or WBM with 

different supplements, they did not survive on subculture on these 
media (Table 6, Expt. 6 and Table 10, Expts. 1 & 2)» Hence different 

media were tried for the survival of these tissues. Teak callus 

easily proliferated on HSBH^, medium supplemented with IAA, klnetin 
and CH (Table 6, Expt. 31) and growth was better than on RWBM supple

mented either with 2,4D, kinetin and GH (Table 6, Expt, 6) or with CH,

IAA and CM (Table 6, Bxpt. 12). Similar results were observed with 

Jack where KSBH^was found to be better for survival than WBR (Table 

10, Expts. 4 S ?)* The only difference between the callus initiation 

and callus maintenance media for mulberry was the elimination of 2,4D 

from MSBMicontaining pantothenate, biotin, kinetin, XAA and 2,4B 
(Table 11, Expt. 4), Mulberry grew better on MSBMj than onRWBH 

(Table 11, Expts. 3 & 4), Poplar callus cobld be maintained indefinitely 

on the same medium used for initiation (Tabic 9, Expt. 3). It also 

grew better on a hi# salt containing medium (Table 9# Expts. 3 to 6). 

These results support earlier reports (Murashlge and Skoog 1962 and 

Borchert 196?) that added phytohormones and other growth factor© can 

exert better effect if supplied at optimum salt concentrations. IAA 
was the best auxin for teak (Table 6, Expts, 32 & 33 and 34 & 35), 

whereas Jack grew better with BTOA (TablelO, Expts. 8 & 9)» Coconut 
milk was clearly superior to kinetin for teak (Table 6, Expts. 31 & %)»



Jack had a specific temperature requirement of 30%and 

the tissue did not survive when incubated at a lower temperature (26^. 

The other tissues grew well over the temperature range of 26-30°<S.

One of the objectives of growing callus tissues from the 

four trees was to devise a chemically defined medium for their 

growth. Teak callus could grow on MSBf^ containing klnetin and IAA 

(Chapter Hi), Jack could be grown on Blaydes* basal medium 

containing 2,4B, klnetin, phenylalanine and tyrosine (Table 10,

Bxpts, 11 and. 12), Mulberry was grown on MSBMj supplemented with IAA, 

klnetin, pantothenate and biotin (Table 11, Expt, k) while poplar 

survived on MSBMj supplemented with MAA, klnetin, pantothenate and 

biotin (Table 9» Sxpt. 3)« All these are synthetic media of known 

composition.

In most of the reports on the cultures of woody trees the 

tissue died on subculture and only in a very few cases have viable 

cultures been obtained • The tissues isolated from explants of teak, 

jack, mulberry and poplar in the present studies have been maintained 

by repeated subculture without any diminution in growth for over six 

years and can be considered as viable cell lines of these four trees. 

These are the first reports of viable callus cultures from these

four trees
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SECTION 1

The nutritional requirements of teak callus were studied in 

detail after obtaining viable callus as described in the previous chapter 

The effect of different mineral salt compositions* nitrogen and carbon 

sources, auxins, cytokinins, gibberelllns, growth retardants and other 

supplements, pH and temperature were studied. In some eases the optimum 

concentration of some of the nutrients was determined. The experimental 

conditions regarding the inoculum, medium, period of growth etc. are 

given in Chapter I, It should be noted that the objective of the 

present study was not merely to define the conditions for obtaining 

good growth of the callus but also good pigmentation. Rapid growth 

of colourless tissue with no pigmentation would be of no value for 

the study of the phenolic pigments. The experiments described in this 
chapter are not in chronological order. The variation in the final 

weights of the tissues grown on the same medium may be due to the 
period for which the cultures had been maintained in vitro when 

the experiment was performed. The growth of teak tissue varied from 

one subculture to the other as described in Chapter II. Although the 

results yrf each Table can be compared, the results in two different 
Tables under identical conditions are not necessarily comparable.

Hence controls were run in each experiment and the significance of 

each experiment has been discussed with reference to the control in 

each case. Carry over of nutrients with the inoculum could also 

have Influenced some of the results. The effect of klnetin clearly 

demonstrates this point as the tissue did not grow when subcultured



repeatedly on a medium without kinetin, although it grew well 

in the first subculture..

In most of the Tables used for the growth of teak callus, 

the changes in the composition of the media are given with reference 
to the medium (Chapter i). Both wet and dry weights were determined 

and were taken as a measure of growth. The standard error of mean 

has been discussed earlier in Chapter I. On the basis of these results 

a particular effect was arbitrarily considered as significant only 

when the growth obtained differed ftom the control by at least 15 to 

20 per cent.

(a) Mineral nutrition

Several Inorganic solutions have been used for the culti

vation of plant tissues in vitro. Of these, six different basal 

inorganic salt solutions, differing either in the concentration or 

number of salts supplied, were used for the growth of teak callus.

Ho change was made in the original composition of Inorganic 
solutions as reported by the respective workers. The aicronutrient 

requirements were not studied. The organic supplements were supplied 

according to Murashiga and Skoog's (i962)medium.

On a drykrd wet weight basis teak tissue grew best, on 

Hurashige and Skoog's medium (Table 12), Although on it^first 

subculture the callus grew on Smith's (196?) as well as Kurashige and 

Skoog's (1962) media, on subsequent subcultures the wet and dry 

weights were markedly reduced on the former. Teak callus did not 
survive on Heller's (Gautheret 1959) or H©inert and White's
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(Wolter and Skoog, 1966) mineral solutions on subculture. On White’s 
(195*0 medium, the callus gradually diminished In weight, while on 

Blaydes* (1966) medium it gradually Increased in weight.

The colour of the callus was also different with different 
mineral salt compositions. On White's minerals it was pale yellow, 

on Heller's brownish yellow, on Smith's very light yellow and on 
Reinert and White's blackish brown in colour. The appearance of 

callus on Blaydes* and Murashlge and Skoog's solutions was similar 

in being compact and coloured yellow to orange brown on Murashlge 
and Skoog's medium and orange yellow on Blaydes’ medium. In all 

cases the callus grew deep into the media. Subsequent work ms 
carried out on Murashlge and Skoog's medium as it gave optimum 

growth with good pigmentation.

(b) I'fltrogen

The main source of nitrogen in Murashlge and Skoog'e 
medium is ammonium and potassium nitrate. The effect of different 
nitrogen sources is shown in Table 13* Potassium was supplied in 

equivalent amount as the chloride and nitrogen was added either in 

an Inorganic or organic form. All the organic compounds except urea 
and allantoin were added at concentrations given in the Table and 

not in amounts equivalent to the nitrogen present In Hura&hlge and 

Skoog's medium. Optimum growth occurred when standard kurashlge and 
Skoog*s medium was used. Fairly gocd growth ms observed with 

potassium or ammonium nitrate and yeast extract while ammonium 
sulphate, ammonium chloride and calcium and. sodium nitrate did not
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give good growth. Poor growth was observed with all the organic 

nitrogen sources except allantoln and yeast extract. Growth on 

allantoin decreased on subculture. All the organic nitrogen 
sources gave higher dry weight of the tissue compared to the 

standard medium. The moisture content of the tissue was variable 

and was least with yeast extract.

Nitrogen sources influenced the pigmentation and 

appearance of callus. Calcium and sodium nitrate and ammonium 

sulphate and chloride gave a black or brownish black, hard compact 

tissue. On potassium nitrate the callus was yellow to black and 

imparted a red colour to the medium. A light yellow, soft, 

spreading callus was observed with ammonium nitrate and allantoin 
although the colour was lighter with tho latter. On coconut milk, 

casein hydrolysate and malt extract the callus was black in colour, 

on urea it was pale yellow and soft while on yeast extract it was 

yellowish brown and compact.

(c) Carbon sources

The effect of different carbon sources which included 
different carbohydrates was tested on teak tissue (Table 14),

Sucrose was omitted and the carbon sources were added at 3% concen
tration. All the media contained inositol at 100 ppm. Teak callus 

grew best on sucrose and glucose on its first subculture. The 

results with galactose were striking. There was an Increase of 

almost 700 per cent in the final wet weight of tissue with galactose 
in its second subculture compared to the first and this effect was

maintained in its third subculture also. A similar but much lower
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Increase was also observed on subculture with fructose and glucose. 
Starch and sorbose did not support growth while xylose gave negligible 

growth.
On sucrose the callus grew as a compact, yellow to dark 

yellow coloured cell taassj with glucose a white soft callus was 
observed anti with fructose It ms a black compact mss. On maltose 
the tissue grew as a soft pale yellow spreading culture. With 
galactose the tissue grew as hard yellowish callus.

Sucrose Concentration
The effect of different concentrations of sucrose was tested 

on teak tissue (Table 15). On its first subculture 3 to 5 per cent 
sucrose gave better growth than at lower concentration, the water 
content with 5# sucrose being high. On subculture the growth was 

very poor with 5% sucrose whereas there was marked increase! la 
growth with 1 to 2 per cent sugar. In the third subculture the 
growth with 3 and 4 per cent was as good as with 1 per cent sucrose.

(d) Amino Adds

As Indicated in Chapter II, teak callus was grown on media 
having casein hydrolysate. In this experiment casein hydrolysate was 
omitted and the amino acids, grouped as shown in Table 16 were added 
to the MlBMt medium (containing 1 ppm glycine) at concentrations 

equivalent to those present in 200 ppa of casein hydrolysate, From 
the data it can be observed that glycine alone could give optimum 
growth of callus. Growth in the presence of methionine, threonine,
DL-valine and DL-isoleucine or with media having all the amino acids
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Table - 18

Glycine concentration

Media* Mineral solution Murashige & Sfcoog's (Tables 3A '■& JB)

Organic supplements - Vitamins Kurashige and Skocg's glycine 1 
Xineiin 1 ppmj IAA 5 ppsif sucrose % added, Table 3G)

Subculture number______  i
Mo. Glycine cone, -ppm. Met wt.

1 0.0 972

2 2.0 1268

3 3.0 tm
4 5.0 U?6

1328

Dry wt. -Jwj-

192

184

120

208

5 10.0 200



as present In casein hydrolysate was the value as that obtained 

with casein hydrolysate.

The effect of casein hydrolysate, gibberellic acid, 

nucleotide bases and an Increased glycine level were tested with 

Murashlge and Skoog's medium containing 1 ppm glycine and the 

results are given in Table 1?. From the data it can be observed 

that an increased glycine level gave better growth than casein 

hydrolysate especially in the third subculture, When gibberellln 

and nucleotide bases were added alone or combined to the medium 

a little increase in growth was observed* Optimum growth was 

however obtained with glycine and gibberellic acid, From the 

above results it can be concluded that glycine alone can replace 

casein hydrolysate,/ The effect of glycine concentration Is shown 

in Table 18 and it can be observed that glycine concentration 

of 2-10 ppm was equally effective. For further work 2 ppm of 

glycine was used instead of 1 ppm,

(e) Effect of different vitamins

Murashlge and Skoog’s medium contains thiamine, nicotinic 

acid, pyridoxlne and inositol only. The effect of these vitamins 

was determined by testing the effect of the individual vitamins 

and mixtures of vitamins. From Table 19 it can be seen that when 

thiamine, pyridoxlne and nicotinic acid were eliminated from the 

medium th© growth of the callus was poor but significant. The 

callus grew very well with thiamine alone on its first subculture,
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but on subsequent subcultures the growth was negligible. Ilcotinic 
acid showed some stimulation whereas pyridoxin© showed a three fold 
Increase in growth on the third subculture. Of the three combinations 
of two vitamins each (Expt* 5*6»?) only pyridoxin© and thiamine 

showed marked stimulation especially with first two subcultures. 
Maximum growth was observed when all the three vitamins were added.

.A

Table 20 shows the effect of inositol and glycine which 
were not omitted in the previous experiment. As the callus could 
grow without pyrldoxine, thiamine and nicotinic acid, in this 
experiment all the three vitamins were omitted. It can be observed 
from the results that teak callus slowly died on subculture when 
inositol and glycine were omitted. The callus barely survives 
when glycine was added at 2 ppm. Inositol at 100 ppm. increases 
the growth of callus strikingly in all the subcultures. Glycine 
and inositol together did not increase the growth more than 
inositol alone. The best growth was obtained on media containing 
all the organic supplements of Murashlge and Skoog's medium.

Concentration of Inositol "
Inositol was generally added at ISO ppm. As inositol was 

shown to be essential for the growth of teak callus, its optimum 
concentration was determined. As noted above, callus died on 
subculture in the absence of inositol. The optimum concentration 
of inositol was found to be about 100 ppm (Table 2l),
(f) Auxins

The effect of different auxins was tested by omission of 

XAA, which ms generally added at 5 ppm and addition of the auxins
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110

at the concentrations shown in the Table 22. IAA was found to be 

the best auxin for the growth of the callus. The callus did not 

proliferate in the absence of auxin and cytokinin. On subculture 

slight growth was maintained even in the total absence of kinetln, 

but not in the absence of auxin. ISA, sK-MAA, IPA and /J-NAA 

supported growth, each compound being more effective than the 

preceding one, but none of them gave @s good growth as IAA.

2,AD and 2,4,5-T did not support the growth of the callus.

The callus was pale yellow to orange when growtai on IAA, 

whitish yellow with «<~SAA, necrosis set in with 2,A-D and 2,A, 5-T 

while IBA and IPA gave dark brown coloured callus.

The effect of different concentrations of IAA is shown 

In Table 23« Optimum growth occurs at 5 ppm IAA. Auxin is 

essential for the growth of teak callus.

(g) Cytokinlns

Callus tissue of teak was grown on media having different 

cytokinlns (Table 2A), Teak callus could g£ow on media without 

cytokinin but at a slow rate,. Coconut milk gave maximum growth 

of callus. Of the chemically defined compounds kinetln gave 

maximum growth. With diphenyl urea and seatin there was a gradual 

growth stimulation on subculture. Growth with thiourea was less 

than with other compounds.

The callus turned very pale yellow without any cytokinin. 

With zeatin and BH! it was more yellow. Maximum pigmentation was 

visually observed in coconut milk containing media though kinetln 

also gave bright yellow callus,
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The effect of different concentrations,of kinetln on teak
callus growth was noted (Table 25)• Optimum growth was obtained 

at about i ppm. The callus survived even at 5»0 ppm kinetln.

(h) Gibberellins

Gibberellins, particularly gibberellic acid (GA^) have 

been reported to have growth promoting activity in plants. AS 

GA3 at 10 ppm concentration was found to enhance the growth of 
teak callus in its initial stages, the effect of various 

gibberellins added aseptically to the medium was studied 
(Table 26). The weights obtained in these experiments show that 

there wasn no significant increase in the growth of the callus 

with any of the gibberellins, ©specially on subculture. The slight 

increase obtained with GA3, GA^ and GA^ requires confirmation.
There was marked inhibition with GA^.

There was no visual difference regarding pigmentation 

or type of growth of the callus with any of the compounds.However, 

when gibberellic acid was added to the medium and autoclaved, 
marked pigmentation of the tissue was observed (Chapter V), 

Concentration of gibberellic acid

Table 27 shows the effect of different concentrations of GA3. 

It can be seen that on subculture, as the GA3 concentration increased 
tissue growth was reduced. At higher concentration of GA3 50 ppm 
the tissue turned brown.
(i) Nucleic acid bases

The five nucleotide derivatives (adenine, guanine, cytidylie 

acid, thymidine and uracil) were added separately and together to
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the standard teak medium at a concentration of 2 ppm (Table 28). 

The results indicate that on the third subculture adenine and 

uracil were markedly growth enhancing whereas cytldylic acid was 

inhibitory. All toe compounds together were not more effective 

than adenine or uracil alone. The callus in all the cases had an
4

orange yellow colour and a compact appearance,

(j) Growth retardants

The effect of different growth retardants was studied on 

teak callus. It can be observed from Table 29 that at as low a 

concentration as 0.005 - 0.01 ppm, all the three growth retarding 
substances, ABA, CCC and AM0l6l8 reduced the growth of teak callus 

markedly. ABA and AMO 1618 at 1 ppm were strongly Inhibitory, 
the growth being only 15-20?» of the control and with GCG about 40^.

The appearance of the callus did not change when growth 

retardants were added, except that at higher concentrations 

necrosis was observed.

(k) GAg and ABA effect

ABA at four different concentrations was added under 
aseptic conditions to standard teak medium (Table 30). It was 

observed that ABA was Increasingly inhibitory as the concentration 

was Increased. When GA3 was added to medium having ABA, it 
partially reversed the inhibition due to ABA,

In all the cases the callus was hard, compact and yellow 

to brown in colour. The colour became more brown when the ' 

concentration of GA^ and ABA fes increased.
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Table - 29

Effect of ABA. GOG & AMO l6l8

u>,
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Media* Mineral salts «* Murashig© and Skoog’s (Tables JiA 

Organic supplements (ppm) - Murashig© & Skoog's ^Tklrle 3cJ
fyuft'W-ippmij IAA - 5»0? kinetln - i ppmj sucrose - 3%

Ho. Supplements Wet wt....._.Jtar..ir

i Basal medium 1004

im)

96

2 ABA aoo5 346 37

3 ABA 0.01 410 45

4 ABA 0.1 423 38

5 ABA . 1.0 130 14

6 GGG 0.005 523 55

7 GCC 0.01 54? 59

8 GGG 0.01 384 41

9 CCG 1.0 236 36

10 AMO 1618 0.005 655 85

il AMD 1618 0.01 574 62

12 AMO 1618 0.1 519 56

13 AMO 1618 1.0 189 20

mmwwww- j
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Table - 30 
Effect of GAg and. ABA

Media* ^Mineral salts - Kurashige and Skoog’s (Tables & g-B)
, Organic supplements - Murashige & Skoog*s (Table $£}),. " 1 ppnv

Klnetin - 1 ppmj IAA - 5 ppm & sucrose Jfc 
ABA & GAj added asptically, concentrations in ppm.

No. Supplements (pm) Met wt. Dry wt
i 1204

Jna
<r' 119

2 ABA o.oi 704 77

3 ABA 0.1 2?4 31
4 ABA 1.0 290 33
5 ABA 2.0 171 20

6 GA3 1 * ABA .01 1099 110

? fl " .1 595 63
8 If " 1,0 586 54
9 tl " 2.0 274 38
10 GA3 10 * ABA 0.01 703 34
ii ts - + " 0.1 516 53
12 » " 1.0 656 65

13 *1 ” 2.0 458 40
14 GA3 50 + ABA 0.01 60S 67

15 It " 0.1 443 44
16 0 " 1.0 393 40
17 ?a " 1.0 492 48



(l) Temperature

Since growth of jack callus was found to bo enhanced at 

higher temperature, teak callus grown on media with or without GA3 
tfas incubated at four different temperatures and the growth was 

measured (Table 31)♦ It was found that teak callus grew best 

at about 30 + 1°C, GA^ had no measurable stimulatory effect 

at 26° - 30°G and at 40 days it was inhibitory at these tempera
tures at which there was good growth without GA, Teak callus 

generally was incubated at 27 + 2°.
(,. ( v,(m) Hydrogen ion concentration "I’fa e/-rC l<1’>,il

In all the experiments on the effect of different growth 

factors, the pH of the medium was adjusted to 5*6 to 6. To find 

the optimum pH (Table 32) for the growth of teak tissue, the 

callus was grown on media at pH h to 8, On wet weight basis 

the growth of the teak callus obtained from pH 4 to 6 was about 
the sane. At pH 7 the growth declined, and again at pH 8 it 
increased. The reason for this is not known. These results 

require confirmation. The change in pH during growth was not 
measured.

(a) Inoculum size

Table 33 shows the* effect of inoculum sise. The results 

of these experiments are represented by final weight and by the 

ratio of the final wet weight to the inoculum wet weight. With

inocula of 30 - 135 mg of fresh tissue the ratio was nearly the
!same. Further work has to be done to establish whether the
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Table - 31 

Effect of temperature

Inoculum - 80 * 20 mg.

No. Temperature
o„

MSB CrMe\~I)
wet wt. (iig)______

MSB + GA«a 
wet wt.

10 ppm 
(m) ....

C 20 days | 40 days
1 . _

20 days 1! 40 days

1 26-27 415 92? 652 753

2 30 - 31 1367 1706 1348 881

3 37 - 39 290 256 410 349

k *» k5 261 173 161 153
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Table - 32 
Effect of pH

Medium! ,Mineral salts - Murashige & Skoog's (Tables .,JA &j£B)
. Organic supplements - Murashige & Skoog's (Table «!5C)

IAA - 5 ppffl* klnetln - i ppm St Sucrose 3#

pH________ Met wt. (aig)________ Pry wt.(mg)
4 800 70
5 799 80
6 732
7 296 20
8 549 62

Table - 33
Effect of size of inoculum

Mediumi Mineral salts - Murashige & Skoog's (Tables $;A &3%)
Organic supplements - Vitamins & Glycine at the concentration ; r , , r -i , of - MSB-medium (j7aH& ~iC) ,

' ‘ . : IAA - 5 ppm5 klnetln - 1 ppmj sucrose 3%

No. Wt. of Inoculum (mg) Pinal average wt* ... (mg) ....... Ratio of 
inoculum

1 30 328 11
2 50 1188 24
3 its 1263 11
4 135 1391 10.4
5 250 1449 6,0



fable - 34
Different Agar Concentration

Medium* Minerals - Muraehlge & Skoog's (Tables &^B)
Organic supplements - Murashlge & Skoog's vitamins and glycine(Table

iff»jAA “ 5 ppm| klnQtin ~ 1 PP»» sucrose 3%
Inoculum - 100 + 20 rag

I No. Agar % Wet weight Dru weight

1 0.5 738 68
2 Q.? 932 138
3 0.9 242 102
4 1.1 83 86
5 1.3 796 84
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higher final ratio obtained with 50 mg Inoculum else is of 
significance. The minimum Inoculum size was not determined.
The results of this experiment show that the inoculum generally 
used was sufficient to permit growth and that variation of size 
within definite limits did not affect the experiments provided 
that inocula In each set were nearly the seme.

(,Q) Agar concentration

Agar is added to the medium as a semi-solid has© for the 
growing tissue. At a low concentration of agar the medium is 
softer and the tissue gets submerged whereas at a higher concen
tration it affects the diffusion of nutrients to the tissue.
Teak tissue grew best at 0,7% agar concentration(Table 3*0 • 'Kith 
more than 0.9$ concentration of agar teak tissue showed diminution 
of growth.

CjO Growth curve
Many of the subsequent experiments on the production of 

pigment were carried out with or without GA3 In the medium, Hence 
growth curves were determined for both media.

The growth curve of teak callus with or without gibberellic 
acid (10 ppm) is shown in Pig. 6. There was no significant 

difference between the growth curves in the two media, There is 
a brief lag period followed by a period of almost linear increase 
in weight with time.



SECTION 2
DISCUSSION

It should he noted that in the present work the effect of 

several different factors was studied during three subcultures 

under the same conditions. This reduces the effect of carryover 

of nutrients with inoculum which can he of significance in many 

cases.

Mineral composition

The mineral composition of the medium has a profound 

effect on the growth of plant tissue and organ cultures. The 

inorganic salt solutions now being used for the cultivation of 

plant tissues in vitro have been developed by modifying the 
solutions of White (195*0 which was originally used for root 

and later for callus cultivation and of Gautheret (193?)*

Burkholder and Nlckell (19^9)» Heller (i953)» Hildebrandt, 

Biker and Duggar (l$k6) and Murashige and Skoog (1962) have 
demonstrated that the concentration of salts in White's and 

Gautheret*s solutions are sub-optimal for some tissues. Kitsch 
and Nitsch (1956)* Wood and Braun (l96l) and Murashige and Skoog 

(1962) have shown that enhanced levels of nitrogen, potassium 

and phosphorus promoted the growth of a number of tissues. For 
the cultivation of tree callus in vitro. Jacqtiiot (1964) used 

Gautheret*s mineral solution, Ealnert and White (1956) modified 

White's solution by increasing the salt concentration, Mathes(l96?)
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used White's mineral solution while some workers (Gautheret 1959) 

used Gautheret*s or Heller's mineral solution. This indicates 
that callus cultures from various trees have different salt 

requirements.

The optimum growth of teak callus on Kurashlge and Skoog's 
medium shows that the higher concentration of salts In the medium 

is beneficial. Successful cultures of Acer pennsylvanlca and 
A. saccharum (Mathes 1967), Cupressus lusltanlca (Borchert 196?) 

ash, pine, and oak (Wolter 1964), olive (Lavee and Messer 1969) were 
obtained when grown on media having high salt concentrations.

The failure of teak tissue to survive on White's, Heller's, 

and Eeinert and White’s media can be attributed to their lower 
nitrogen, phosphorous and potassium levels, but the growth on 
Smith's mineral salts is not easily explainable as this medium 

also has- a low salt concentration. On Blaydes' medium which has 

a lower nitrogen and higher phosphate than Murashige and Skoog's 

medium, good growth was obtained. Though Murashige and Skoog's 

salt solution is adequate for the growth of teak callus it would 
require a large number of experiments to determine the optimum 

concentration of each of the macro elements. The micro elements 
present in each medium may also^ affect the growth of callus 

and Its survival but these have not been studied.

Nitrogen sources
Biker and Gutsche (19&8), Nickell and Burkholder (1950) and 

Heller $1953) reported that nitrogen was required as nitrate and



that their callus cultures could not utilize nitrite or ammonium 

salts. However, tomato root cultures at neutral pH could utilize 
ammonium as the nitrogen source (Hannay, Fletcher and Street 1959). 

Very few tree call! have been studied for their nitrogen requirement. 
Simpkin et al. (1970) reported that nitrate was essential for 

A. nseudonlatanus cell^ and growth was enhanced by urea, CH or 

a mixture of amino acids. Mango leaf gall callus (Jain and Arya 1966) 

grew well when a pancreatic digest of casein was used along with 

white's mineral salts. Steinhart et al.(l9Sl) showed that ammonium 

nitrate was not useful for the cultivation of Pleea ables callus. 
culture, while White and Gllbey (1966) have shown that spruce 

callus could grow well on media supplemented with glutamine and 

ammonium nitrate, chloride or sulphate though on sodium nitrate 
growth was poor. Be Torok and Thlmann (1961) have shown that for 

their strain of spruce callus, asparagine was a better nitrogen 

source.
Teak callus grew best when supplied with nitrogen in the ■ 

form of ammonium nitrate and potassium nitrate. Ammonium as 

sulphate or chloride, and nitrate as the sodium or calcium 

salt gavepsor growth. The failure of these salts to give good 

growth may be due to the high concentrations of calcium, sodium, 

sulphate or chloride ions which had to be added to supply the 

required nitrogen level thereby upsetting the balance of ions 

in the medium.

Complex organic nitrogen sources such as casein hydro

lysate, edamin, peptone, malt extract etc. have been used



extensively In studies of many plant tissue cultures (Gautheret 1955)* 

Yeast extract was first usedb by White (19340 for the cultivation

of tomato roots. Later It has been used for pollen cultures of
!_0,Gin^^iloba (Tulecke 1957) seed cultures of Santaltaa album (Rao 1965) 

and maize endosperm culture (Straus and LaRue 1954). Halt extract 

has been successfully used for the cultivation of Plnus strobus 
(Lowenberg and Skoog 1952), Picea ables (Steirihart et al. 1961),

Vlgna cat.jang (Mascarenhas, 1965). Casein hydrolysate ha® been 

utilized for the cultivation of maize endosperm eultures(Straus 

and LaRue 1954), mango leaf crown gall cultures (Jain and Arya 1966) 

and Ihuja orientalls (Rao and Mehta 1969) callus culture. Mamin 
together with other Inorganic nitrogen sources was found to be 
growth enhancing for tobacco callus (Murashig© and Skoog 1962),

Compared to the other organic nitrogen sources studied 

for the growth of teak callus, yeast extract at 0.2$ concentration 

gave good growth.

The poor growth on complex nitrogen rich substances Ilk® 

casein hydrolysate, malt extract etc. can be explained as 

suggested by Street (1966) that the absorbed amino acids might 
not be deaminated or their deamination products may not yield 

ammonium at sites whore they can be effectively used.

Carbohydrate sources

Gautheret (1941, 1965) was the first to study the 
carbohydrate requirements of callus cultures. Similar studies 

were mad© by several workers and it was concluded that most



cultures grew well when supplied with sucrose, glucose or 

fructose (Hll&ehrandt and Bicker 19*1*9 & 1953l Nlckell & Burkholder 

1950? Henderson 195*0• Galactose was ineffective with most tissues, 

hut tumor tissues of Vinca rosea (Hildehrandt & Bibber 19^9 * 1953)* 

and normal tissue of Sequoia semnervlrena (Ball 1955)* Acer 

pennsylvanlcum (Mathes 196?) and A. pseudoplatanus (Simpkins^ 

et al. 1970) could readily utilise it.. Sequoia (Ball 1955) could 

utilize mannose which is also not readily utilizable by most of 

the tissues. Maltose was readily taken up by normal carrot 

tissue, corn endosperm tissue (Straus and LaRue 1970), and 

A, pennayIvanlcum (Mathes 1967) and A. pseudoplatanus (Simpkins 

et al. 1970) and tumor tissue of Vinca rosea. Tagetes ereeta, 

Chrysanthemum fruetescens. Helianthus annus (HlHehrandt and 

Maker 19^9» 1953)* and mango leaf gall callus (Jain and Arya 

1966), A, pennsylvanlcum (Mathes 1967) had the ability to 

utilize raffinose. Hlldebrandt and Hiker (19^9* 1953) have 

reported the utilization of pectin, dextrin and soluble 

starch by various tissues. Soluble starch has been found to be 

utilized by virus tumor tissue of Rumex asstosa (Nlckell and 

Burkholder 1950)* corn endosperm tissue (Straus arid LaRue 195*0 

and callus tissue of Rubus fruticosus (Karstens and de Meester i960) 

Junlperus communis (Constabel 1963)* A, pennsylvanlcum (Mathes 196?) 

and A, pseudopla-fcanus (Simpkin et al, 19?0). Glycerol was 

utilised by carrot (Gautheret 19**8&). Callus cultures from 

Malus pumila and Malus robusta could utilise sorbitol as



sole carbon source (Chang and Taper 1972). Like Acer sp. teak callus 

also could, us© a variety of carbohydrates, particularly mono

saccharides like galactose, glucose and fructose and disaccharides

like
sucrose and maltose. Galactose in particular is an excellent 

carbon source.

Vitamins
White (195*0 first included yeast extract at 0.01$ 

concentration in tomato root media and later found that thiamine 

and glycine present in yeast could replace this extract. It has 

generally been observed that like organ cultures, callus cultures 

also require vitamins. Pyridoxin© was found to be essential for 
ash (Wolter and Skoog 1966) and niacin for spruce callus (Risser 

and Shite 1964), but in many cases there is no proof that 

B/vitamins are essential for growth. The requirement for 

thiamine by tobacco callus could be replaced by high levels 
of kinetin (0.5 to 1 ppm) and at this level of klnetin, 

synthesis of vitamin B| was activated (Dlghy and Skoog 1966).

Thiamine has been added for the growth of various woody tissues, 

Junlnerus vtodnlana. Picea aides, Pinas banksiana. P. strobus. 
Citrus llmonum. Ponulus deltoides and Quercus alba (Gautheret 1959).

The results with teak showed that it has no absolute 

requirements for pyridoxlne, thiamine or niacin. Of these three, 

pyridoxin© alone and pyridoxins and thiamine together highly



stimulated groth In the presence of IAA, klnetin, Inositol and 

glycine. Nicotinic acid alone or together with pyridoxins and 

thiamine did not stimulate the growth of callus showing that it 
was not essential for growth. Czosnowski (1952a) demonstrated 

that certain callus tissues were not stimulated by thiamine as 
they already contained this vitamin. Other workers (Czosnowski 

1952b| Paris 1955) have shown that a number of callus cultures 

require thiamine. Pyridoxin# has not been shown to be essential 
or to enhance the growth of callus in many eases (street 1969).

Inositol has been found to enhance growth of many 
callus cultures, (Rlsser and White 1964} Be Torok£?and Thimann 
lS6lf Pollard, Shantz and Steward 1961} Linsmaier and Skoog 1965) 

and also to be an essential requirement in some cases like, 
Fraxlnus nenns.vlvaralca (Welter and Skoog 1966). The growth 

of teak callus was totally dependent on inositol even when IAA 
and kinetin were supplied. The optimum concentration of inositol 

for growth was found to be 100 ppm.

Auxins

Auxins are known to control cell elongation and several 

other processes in plants. Indole acetic acid is the naturally 

occurring auxin. Many synthetic auxins have been described, 

some of which are more active than IAA and are used in the culti
vation of plant tissue cultures (Street 1969* Gautheret 1955)• 

Callus cultures of Citrus liraonura. Crataegus monogyna (Gautheret 

1959) and Pinus nigra (Bodgav^nec 1968b) required NM for growth.
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Jacquiot (1964) described four types of cultures based on their 

auxin, cytoldnin and other growth factor requirements .and showed 
that some callus cultures (e.g. Pornlus treaula. Limits campestrls. 

Tllia uarvifolia and Primus aviaa) required auxin for their 

proliferation. White pine (Harvey 196?) and maritime pine 

(Lavauaa 1970) required IAA and NAA for callus formation. 2,4D 

which could initiate callus formation could not support growth 
on subculture in white pine. Sandalwood seeds (Bao 1965) formed 

callus when grown on media having IAA and kineiln, Pollen of 
Thuja orientalis formed callus with 2 ppm 2,4D (Rao and Mehta 1969). 
Hinton (1968) has shown that at low levels of 2,4D (0.04 ppm) 

rooting of aged callus of aspen occurred«v 

Cell suspension cultures of A. pseudonlatanus (Simpkin et al.1970) 

required 2,4B which could not be replaced by IAA»and BAA at high 
levels gave poor growth. Plnus nl^ra. (Bodgavonlc 1968b) required 

2,4D initially for callus development, but later BAA was required. 

Hobecourt and Kofler (1945) used IAA for rose cultivation in vitro. 

IAA was better than 2,48 for olive callus (Laves and Messer 1969). 
IAA or HAA wass- added for the formation of callus in Plnus 
sylvestMa (Bodgavonlc 1968a). Citron tissue (Schroeder and 
Spelior 1957) was found to respond to a wider range of GAj concen

tration in the presence of exogenous IAA. Callus cultures of 
Betula varucosa. Castanea vesea and Salix canrc were not
stimulated by auxin (Gautheret 1959)



Teak callus could not survive without auxin and showed an 
absolute requirement for it. Like Finns nigra (Bodgavonie 1968b) 

cultures teak callus could b® initiated on 2,4B containing medium 

but later it required IAA for growth. HM was not as good as IAA 
at the concentration supplied. Stimulation with IAA occurred even 
at as low a concentration as O.i ppm. IAA was the only phyto

hormone required by teak callus culture, its optimum concentration 

being 5-10 ppm.

Cytoklnlne

Coconut milk was first used by Overbeek, Conklin and 
Bl&kesle® (1941, 1942) for the growth of immature embryos of 

Datura, Since then it has been found to stimulate cell division 

in other cultured tissues and has been used extensively for the 
cultivation of many tissues in vitro (Gautheret 1955. Street 1969). 

Unlike callus cultures obtained from Eucalyptus gomuhocsphala 
A.P.C., E. camaldulensis. Behnk and E. gunni Hook stems (Jacqulot 

1964), pollen of Thu.la orientalis (Bao and Mehta 1969) and 

Ginkgo blloba (Tulecke 195?) and embryos of Ginkgo blloba 

(Wang and Li 1966), teak tissue did not have an essential 

requirement for coconut milk. Like Acer pseudoplatanus 
(Henshaw et al. 1966), A. pannsylvanlcum and A, saccharus 
(Mathes 196?) callus cultures which grew in CM and later on 

kinetln, teak callus also could grow on Rinetln over repeated 

subculture. The growth of teak callus in CM containing medium

was double that obtained on klnetin medium and was similar to



Cupressus cultures (Borchert 1967) which had a neater requirement, 

for CM than kinetin.

Biphenyl urea was isolated from coconut milk by Shants and 

Steward (1955) and shown to have cytoklnln activity by Strong (1958). 

Bruce, Zwar and Kef ford (1965) tested a number of substituted ureas 

and thioureas and found that most of them have cytokinln activity. 

Carew and Schwartlng (1959) observed that DPli was able to support 

the growth of rye embryo callus when added with CH and 2,4D. 

Mascarenhas (1965) have reported the stimulatory effect of DFU 

on maize, rice, sorghum and wheat call! in the presence of high 

levels of NAA (5 ppm). Teak callus was stimulated only slightly 

by DRJ and thiourea in comparison with kinetin.

The stimulatory effect of kinetin on the growth of tissue 

cultures has been extensively reviewed (Street 1969). Risser and 

White (196^) reported the depressing effect of kinetin at concen

tration from 10"^ to 1©~% on spruce cultures. Isolter and

Skoog (1966) reported a stimulatory effect of kinetin In the 

presence of 2,4£. for Kraxinus. Tinas pinaster (Lavaud 1970) 
and sandalwood seed callus (Rao 1965) were formed in the presence 

of kinetin and an auxin. Plnus montlcola (Harvey 196?) callus 

was stimulated by kinetin and P. nigra (Thomas 1972) hypoeotyl 

tissue was cultivated in the presence of kinetin. Olive callus 

refuired kinetin after a number of passages on media without 

kinetin (Lavee and Messer 1969). At high levels of kinetin In 

an auxin free medium Acer pseudoplatanus cell suspensions formed



aggregates (Simpkinsei al. 1970). In maple wood callus the extra
cellular hemicellulose formed In the presence of high kinetin had 

a reduced amount of galactose and xylose and an Increased content 

of glucose (Slmpkin and Street 1970). For the growth of teak 

callus kinetin was found to bs stimulatory but not essential and ) 
fno callus was sensitive to kinetin even at 0.1 pp® level in the 

presence of 5 ppn IAA. The pigmentation was more than with DPU, 

thiourea or meatin, indicating that kinetin affects pigment 

metabolism of teak callus.

Zealin at 0.1 l level enhanced growth of teak callus.

Letham (1963) and Hiller and Witham 1196*0 found that zeatin was

much more active than kinetin in inducing cell division in carrot

root and soyabean callus tissue cultures. Zeatin grown teak callus
with this kinin

was white Indicating that cell metabollsm/and kinetin is different. 

Gibberellins
After the detection of gibberellins in higher plants (Paleg 

1965i Lang 1970) a number of workers have tested their effect on 
the growth of cultured tissues, Netien (195?* 1958) and Nlckell 

and Tulecke (195**-) found that the tissues tested by them were 
either insensitive to or inhibited by gibberellin. Growth of 

callus tissue of Solanum tuberoeus, Kelilotus stem wound virus 

tumor (Street 1969) and Fgaxlnus pennsylvanicum (Wolter and Skoog 
1966) was enhanced by gibberellin. For the continuous culture 
of tissues from stamlnate cones of Cupressus funebrls gibberellinCGA^) 

was found to be essential (Straus and Epp i960). GA^ in conjunction 
with IAA gave good growth of Nlcotlana (Murashige 1964)'.



Teak callus growth ms initially stimulated by GA3, but 

later cm the stimulatory effect was not observed (Tables' 17 & 27). 
Recently many different glbberelllns (Long 1970) have been Isolated 

from different plants. None of the gibberellins tested had a 

stimulatory effect on teak callus bat a marked inhibition was 

observed with GAy.

Nucleotide Rases

Very few workers have reported the effect of nucleotide 

bases on tissue culture (Hurashige and Skoog 1962), Callus 

formation in excised corn endosperm (Tamaoki and IJllstrup 1958) 

and growth of rye embryo callus (Carew and Schwarting 1958) and 

spruce callus (R laser and White 196^) was not affected by adenine. 

Tobacco tissues (Murashlge and Skocg 1962) increased in weight by 

50% when supplied with Braun’s solution (CUP, GMP, L-asparagine 
and L-glutamine). Growth of maize tissue was enhanced by 

cytldylic acid and adenine and Inhibited by uracil, wheat tissue 

was stimulated in the presence of all the nucleotides added, 

while rice tissue was not stimulated in studies carried out 

in this laboratory (unpublished). Teak callus showed inhibition 

of growth with cytldylic acid and enhancement with uracil and 

adenine.

Growth Retardants

The effect of growth retardants has been studied more in 

intact plants than in organ or callus cultures. Doltohos lablab 

(Tung and Raghavan 1968) root cultures were inhibited by COG,
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phosphon and B-995 at various concentrations and it ms noted 

that the inhibition was due to a reduction in the frequency of 
cell division. Absclsic acid (ABA), CCC and AMO 1618 were found 

to be inhibitory for teak callus cultures at very low levels. 
Blumenfield and Gazlt (1970) found that at low levels of klnetin 

10 ppm ABA is Inhibitory but the Inhibition is overcome by 

increasing the klnetin level In the medium. Li, Hie, Rohrbaugh 

and lender (1970) reported that at higher and lower concentrations, 
GA^ overcomes ABA inhibition of growth sued lignin synthesis and. 
partially reverses ABA inhibition of scopol4dn production in 

tobacco tissue culture. Recently Altman and Goren (l9?l) reported 

the promotion of callus formation by ABA in the citrus bid. Although 

ABA inhibited growth of teak callus, GA3 could reverse this 
inhibitory effect.

Temperature and Light

Most of the plant tissues are incubated at 23° to 33°C»
The optimum temperatures for Spruce tissue was 20° (Sisser and 

White 1964), for wheat cultures 25° (Shimada, Sasakaraa and 

Tsunewaki 1969) and for barley and wheat 2?°G (Gamborg and 
Svelelgh 1968) respectively. Cultures in this laboratory are 

grown at 26° * 1°C though teak callus grew best at 30° + 1 C ia 
darkness.

Teak callus showed very good growth under light and turned 

green. However, there was also a higher temperature in the light 

chamber. This, effect ms not studied further.



Hydrofl:snafeag; Ion concentration

The optimum pH for sunflower and tobacco tissues was 

found to be between 6,5 to 6.Q for spruce between 5*5 to 6.5 

(Rlaser ana White 196*0, for Baize endosperm callus (Straus- and 

La-Rue 195*0 between 6.1 to 7 while normal and diseased Pennlsetum 

typhoids® gave good growth at pH 6*0 (Tiwari and Arya 1967).

It was observed that at neutral pH, growth of teak was minimum 

and optimum growth was between pH 4 to 6,

Inoculum size

Plant cultures generally grow poorly, if the inoculum 

size is too small. Growth of teak cultures was nearly the same 

over a wide range of inoculum weights (30-135 mg) though generally 

100 + 7 sag wet weight callus was used. The effect of very; 

small inocula was not tested.



CHAPTER IV

QUINOMES PROM TEAK CALLUS



SECTION 1
Experimental

. . T..
One of the main purpose for growing callus tissues from

sthe woody trees was to determine whether the phenolicrnormally 

present in the wood of these trees can also be synthesised by 

tissues in culture, and also to determine if any new phenolic 

compounds are produced by these cultures. The earlier chapters 

dealt with the initiation, maintenance, and nutritional 

requirements of the forest trees with particular reference 

to teak. This chapter describes the methods used for the 

extraction, isolation and characterisation of some compounds 

(anthraqulnones) from callus tissue of teak*} Pig, 7 shows 
anthraqulnones obtained from teak heartwood (Sandermann and 

Simatupang, 1966).

I Detection of anthraquinone in callus cultures

In preliminary experiments one tube of each of the callus 
cultures grown on two media (l»2j Table $) was harvested and each 

callus extracted separately with cold and hot acetone. The yellow 

coloured extract was filtered, concentrated and spotted on silica 
gel plates (150 x 50 x 1 mm). The chromatogram was developed with 

different solvent systems, iof which tensene containing 5% acetone 
was found to be test. All jjthe extracts showed the presence of

tthree yellow spots having Bf values very near to each other, and
/*

a fourth yellow spot movihfe,with solvent front.

!
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The callus from the third subculture also showed the same 

type of chromatographic behaviour. The extract from the callus 
growing in Its third subculture was spotted for preparative layer 

chromatography (PLC) and developed with benzene containing 5% 
acetone. The PLC showed the presence of six coloured compounds - 

four yellow, two violet (Fig,8), The major band A was eluted 

with acetone and filtered,the acetone evaporated to dryness, the 

residue dissolved in benzene, filtered, concentrated and kept 

for crystallisation.

The UV spectrum of the crystals was taken in ethanol 

and their solubility in MCO3 and SagCC^ determined. U.V, 
spectrum was also taken in alkaline sodium dlthionite. The 

pigment turned pink in HaOH solution and on addition of N&- 

dlthionita it turned yellow, which by air oxidation again 

turned pink.

II. Isolation of teak qulnone-A and teak qulnone-B

In order to obtain compound A in sufficient amount to 

identify its structure, a batch of teak callus consisting of 
about 100 tubes was grown on medium 2 (Table 4).

The tissue was harvested after about 50-60 days of 

growth. The wet tissue (250 g) was dried in a frees© dryer 
(25 g) and soxhleted successively with petroleum ether, benzene 
and acetone. Pet.ether removes fast moving and waxy compounds. 

Teak qulnone-A and teak quinone-B were present in benzene extract. 

Two methods were used for isolation.



( Q )

Solvent - Benzene + 5% acetone

( b )

SOLVENT FRONT

tl

1 2

Oxaloted silica gel 

Solvent - Benzene

1 ) Teak callus extract

2) 1,2,3 trihydroxy 3- Me ,anthraquinone

FIG. 8
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1. Isolation of teak quinose~A by selective solubility

(a) The benzene extracted material (0.3 g) was dissolved In 

about $0 to 100 cc. of benzene and Shaken with a saturated solution 
of HaHCO^. The HaHCO-j layer was collected §nd the benzene solution 

was again extracted. The collected NaHGO^ solution was acidified 

till slightly acidic, extracted with GHCl^, dried over NagS%, 

filtered and concentrated. The emulsion formed did not break easily 

and was kept for several days.

This HaHCO-j soluble fraction was chromatographed« It 

showed the presence of traces of teak quinam-A and teak quinone-B 
on the chromatogram along with four other minor compounds. The 

presence of teak quinones A and B might be due to traces of NagCO^ 

in NaHCOj.
(b) Benzene extracted material treated with HaHGO^ was 

further treated with 5% NagCOg solution till a colourless extract 

was obtained. The carbonate solution was acidified, extracted with 

CHCl^, and washed free of acid, dried over NagSO/j,, filtered and 

concentrated.

The presence of teak quinone-A and teak quinone-B was 

observed in this fraction by chromatography.

(c) The benzene extract after treatment with NaHOO^ and 

KagGO^ (a & b) was further extracted with 5% NaOK solution till 

it was colourless. This was then acidified, and extracted 

with chloroform, the chloroform extract dried over BagSOi*,

filtered and concentrated. The unbroken emulsion was kept aside



This fraction on TLG shows the presence of teak qulnone-B

and other ©low moving fractions,

(d) The benzene soluble material shows throe bands on 

preparative layer chromatography.

By preparative layer chromatography, teak quinone-A was 

collected from NaHGO^ soluble and Ha2C0^ soluble material. Teak 

quinone-B was collected from NagCD-j soluble, soluble and

NaOH soluble fractions.
Pour mg teak qulnone-A (lo rog/iOO g dry tissue) was 

crystallised out from benzene,

2, Isolation of teak qulnone-A by chromatography
As described in (II), teak callus was collected and 

dried (15 g). The powdered tissue was soxhleted successively with 

pet.ether and acetone. The acetone extract was concentrated and 
adsorbed on a silica gel, which was loaded on a column (iOO cm x 

2,5 cm) packed with 90-100 g of column grade silica gel,

The column was eluted successively with benzene, bensen© 

with different percentages of acetone and lastly with acetone.
25 ce^/of eluate were collected, teak qulnone-A was eluted •> 

by bensene containing 5% acetone. This was further purified by 
preparative layer chromatography and crystallised from benzene.

Five mg. teak qulnone-A (30 mg/100 g dry tissue) was 

crystallised out by this method. Further isolation of the quinone 

was obtained by this method.



Ill• Kethylation of teak quinone-A

Teak quinoae-A (0,050 g) was dissolved in dry aeetone 

and to this 1 *3 KgQOj and 0.2 ml DKS were added. The reaction 

mixture was refluxed for 12-14 hrs. After removing acetone ty 

evaporation, distilled water (100 cc) was added to the reaction 
flask. The separated compound was extracted with chloroform, 

dried over sodium sulphate, filtered and concentrated to dryness.

This was crystallised from methanol as pale yellow needles 

(0.04 g).

IV. Semethylatlon of the methyl ether of teak auinone-A

The methyl ether of teak quinone-A (0.03 g) was dissolved 

in 1 ml of methyl^'chloride and treated with 1 ml of 37% HBr in 
HAc at room temperature for 24 hrs. This was diluted with water 

and the compound which separated was collected by filtration.

The compound was crystallised from benzene (0.02 g) as brown 

needles.

V. Demethylatlon of teak quinone-A

Teak quinone-A was treated (0.005 g) with 0.025 ml of 31% 
HBr in HAc in methyl chloride• The compound was crystallised from 

methanol in dark brown needles.

VI. Trimethyl sllyl ether of teak quinone-A

Teak quinone-A (40 mg) was treated with 1.6 ml of 

3ls(trimethyl sllyl) acetamide at room temperature for 2-3 hrs. 
The excess of the reagent was removed under reduced pressure. The 

dry compound was used for Nfffi studies.



VII. Isolation of compound Bj

After passing through silica gel column and isolating 

teak quinone-A, the other fractions of the column were monitored 

on thin layer chromatography.

The fractions showing teak quinone-A and compound B 
together (l) and compound B and compound C together (2) were 

further monitored on silica gel by preparative layer chromatography 

using hexane containing 20# ethyl acetate. Teak q.uinone~A* 

compound B and a slow moving compound F were Isolated, from (i) 
and compound R, compound C and another compound slower than 
compound G were isolated from (2),

Compound B (6 mg) was further purified by running a 

T$LC with benzene-ethyl acetate (95«5) where it separated into 
three lands of very close R?• The second band Bg being similar 

to compound C was mixed with it and kept aside as the total 
weight of compound was very little. The first band B| being 

major was further purified by running it repeatedly into 100$ 

benzene, where a slow moving minor band was separated.
The compound Bi (2 mg), being very little and not 

easily soluble In CHCl^ was subjected to mass spectrum and 

colour reaction and its structure determined.



SECTION Z
Extraction of Teak Wood

(l) Teak wood powder (2.5 kg) obtained from the local market 

was extracted with 2 to 2.5 1, of acetone. The acetone extract 
was concentrated and a TLC run along with teak qulnone-A from 

the callus. The wood extract showed the presence of a compound 

similar to teak qulnone-A.

The acetone extract was adsorbed on spent wood powder 

and soxhleted successively with hexane and benzene. The benzene - 

extract showed the presence of a compound having similar colour 

and TLC behaviour to teak quinone-A. This was called TWE-A.

The benzene extract was dissolved in 100-200 ml. 

benzene^extracted with % N&HCQ3 and then with 5$ HaGH solution 
till a colourless extract was obtained* Both NaHGQ^ and NaOH 

extracts were acidified and extracted with ethyl acetate. The 
ethyl acetate extract of NaHGOj soluble (a) and of NaOH soluble (b) 

fractions were dried over NagSO^, filtered and concentrated!.
(b) showed the presence of TIIJ2-A, which was isolated by silica 

gel column chromatography using hexane, benzene, benzene 

containing acetone,and acetone*
TWS-A was eluted with benzene containing 2.5$ acetone.

This ms purified by ?LC using benzene containing 5$ acstc-ne 

as solvent system. TWE-A was crystallised from methanol as

dark coloured needles



(2) Preparation of ethyl chloroformate of THB-A

To TtfE-A (15 mg) in cold chloroform, ethyl chloroformate 

(0.2 ml) and pyridine (l drop) were added. The reaction mixture 

ms kept at 10-15° for 12-16 hrs. The reaction mixture ms 

poured on Ice and the solid which separated was extracted with 

chloroform, dried over NaaSO^, filtered, concentrated and 

separated on PLC into two major hands, one greenish black and 

one yellow, using benzene as solvent system. The yellow band 

ms collected, eluted with acetone, filtered and concentrated 

to dryness. The 10 mg of ethyl chloroformate of TWE-A were 
hydrolysed with 2tf NaOK and a yellow precipitate after acidi

fication was obtained which was collected by filtration, 

crystallised from benzene and sent for mass spectra and IB.



Synthesis of 1.2.5/trlmethoxy-3-methylattthraqttinone

Bouts 1. Preparation of benzoyl benzoic acid. (Chart l)

(1) 3-Chlorophthalic anhydride (6 g) and cresol methyl ether 

(4 g) were treated with anhydrous aluminum chloride (lO g)

in TCE (100 ml) at 100° and the reaction mass stirred at 110*120° 

for 6 hrs. The reaction mixture on cooling was poured on 2N HG1 

in ice. The solvent TCE was removed by steam distillation and 

the solid which separated on cooling was collected by filtration* 

washed and crystallised from ethanol (? g),

(2) Cycllzatlon of benzoyl benzoic acid

Cyclleation of benzoyl benzoic acid was carried out by 

(a) NaCl + AICI3 and (b) H2SO4 + Boric acid mixture.

(a) To (10 g) AICI3 + (2 g) NaCl melt, at 120-130° (l g) 

of benzoyl benzoic acid was added. The temperature of the reaction 

mixture was raised to 180° and kept for 10 rain, with stirring.

The reaction mixture was allowed, to cool to 120° and then poured 

over ice cold 2N HC1 (100 cc). This was kept on a water bath

-for digestion and the separated solid was filtered, wash®! with 

sodium bicarbonate and water and dried. The separated product 

was dirty graan in colour (250 rag),

(b) Benzoyl benzoic acid (1.5 g) was treated with 30 ml 

of H2S0|j, and 1,5 §• of boric acid for 2 hours at 140°. The 

reaction mixture was poured over ice, and, the separated solid was
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collected by filtration. The product ms washed with bicarbonate 

solution to remove keto acid and sulphuric acid and then with 

water, dried and weighed (0,7?5 g)»
The productf^^Kas crystallised from acetic acid, after 

treatment with norlt. The pale yellow coloured crystals (0.3 g) 

showed a single spot on TLC, and ware soluble in sodium carbonate 

and had a m,p. 220°,

(3) iteominatlon of 2-hydroxy-3~aethyl-5~chlora-anthraquinoae
Compound (XXXI) (0.3 g) was stirred in a 50 ml SB flask 

containing 15 ml of acetic acid and 0.5 g of anhydrous sodium 
acetate at 100°. To this a clear bromine solution (l.l mol)

(l ml bromine diluted with 9 al acetic acid) was added dropwlse 
and stirred for 3 hrs. Tha product which separated (XXXIl) on 

cooling was filtered, washed, dried and crystallised from acetic 

acid (200 mg). The pale yellow crystals had a m.p. 223°.

(4) ^ethylation of Sample„1I, i.e. t-bromo. 5/8 chloro.
2~hydrory~3~methylanthraquinono

Compound (XXXII) (0,8 g) was refluxed with 1 nl of DKS 

and 5 6 of K2CO3 in dry acetone. After refluxing for 12-1.6 hrs 

acetone was evaporated off and water was added to the reaction 

flask. The separated product was collected by filtration, washed 
with water and dried, Th® compound f[ XXXIII) crystallised from 

methanol (0,5 g) had a a,p, 190-191°*
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(5) Meihoxylatlon of i-bromo. 5/8 ehloro. 2-hydroxy 
3-meihylanthraquinone

Sodium (1.5 g) was dissolved in 100-125 ml of dry 

methanol. To this freshly prepared aethoxlda, 600 rag of (SESX'kH) 

and 0.5 g of anhydrous silver nitrate were added and refluxed 

for 55 hrs. As the reaction progressed some solid separated 

out. There was no formation of (XXXIY) and the solid was 

collected by filtration.

In. a second set silver nitrate was not added and the 

reaction carried out as in the first set. Here also the 

insoluble 1 separated out* which was collected by

filtration. The filtrate on TIG plate showed the presence 

of two compounds, one corresponding to the solid which was 

separated and the other corresponding to the methyl ether of 

teak quinone-A.

The filtrate was diluted with water after removing 

methanol and extracted with chloroform. The chloroform extract 

was dried over iS^SQ^., filtered, concentrated and spotted on FLC. 

The |i PLC was developed with benaens containing 5$ ethyl acetate. 

The four bands which were separated, on PLC were collected and 

eluted with acetone. The compound similar in Rf to the methyl 

ether of teak qiuinone-A was about 1-2 rag and was used for mass 

spectral data.

The solid which separated out was weighed (0.4 g) and 

analysed* This did not give a halogen test and had a m.p,23l-34°C,

(b) Hethoxylation by potassium methoxid© also gave a poor

yield of the desired product



(6) Preparation of 1. 5-dlm©thoxyanthraqulnon&

1,5-Pichloroanthraqulnone (l g) was refluxed with 10 ml 
of phenol and 1 g of anhydrous ICgCO-j for 6 hrs, This was diluted 

with ethanol and poured over 10$ HaOH solution. 1,5-Biphenoxy 

anthraqulnone (l §) having a m.p. 2l3-2l5°C was dissolved in 
100 ml dry methanol and refluxed with 5 g of KOH and 5 ml of 

pyridine for 60 hrs. The separated product was crystallised 
from methanol as pale yellow needles having a m.p. 236°G, which 

was Identical to 1,5*4iroethoxyanthrafulnone•

(?) Phenoxylatfon of 1-hcoao,5~chloro-2-aethoxy-3-aethyl- 
anthraquinone

Compound (XXXIII) (0.8 g) was taken with 0.8 g KgCO-j 

and 8 ml of phenol and refluxed for 6 hrs In a 100 ml RB flask. 

This ms diluted with ethanol and poured over 2N NaOH solution, 

till it was alkaline. The product did not separate out. The 

solution was extracted with chloroform and the extract spotted 
on TLC, T'Ms shovred many spots and a "black material which did 

not move on TLC.

(8) Preparation of 1.2,3.4-totramethoxyanthraqulnone

1,3-Bihydroxyanthraqulnone was hromlnated with Br in 

acetic acid containing fused la-acetate, The product obtained 
1,3-dihydroxy 2,4-dlhroaaanthraq.ulnono(m.p. 224-226°C) was 

methylated with IMS and then subjected to phenoxylatlon as 
described In (?).,

The reaction product when worked out showed 4 spots 

on TLC with trailing, and had black appearance.



Compound (XXXl) (100 mg) was dissolved in 30 ml of dry 

benzene. To this 0.03 ml of sulphuryl chloride was added and 
refluxed for 4 hrs. Qn TLG plates it showed two spots with 

benzene as solvent system. To the reaction mixture 0.015 ml of 
sulphuryl chloride was again added, refluxed for 4 hrs. and then 

benzene was distilled off. Th© product was crystallised from 

methanol and mass spectra taken.

The molecular weight of the product was 272 which is 
similar to (XXXl).

Bcutejgs

(l) grenaratlon of 3-methyl alizarin C - 2-}

At 180°C a clear melt of anhydrous AICI3 (100 g) and NaCl 
(20 g) was made and the temperature was bought down to 120-130°C.

At this temperature, a homogeneous melt of phthalle anhydride 
(XXXVI) (9 g) and 3-aethyl catechol monomethyl ether (XXXVII) (7 g) 

was added in lots with stirring. The temperature was raised to 
180°C and maintained for half an hour. The reaction mixture was 

allowed to cool down to 120° and then poured into 2N HCl In ice 

(l.5 !•). This was digested on a steam lath for half an hour-, 

filtered, washed and dried. The crude product on oxalated silica 

gel plates using benzene as the solvent system showed a yellow spot. 
The compound was extracted with hot benzene 3 to 4 times.' The
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hot benzene solution ms treated with norit, filtered and concentrated 
to 50 ml. The (3 g) of benzene soluble material gave 1 g pure 

crystalline produot which had a m.p. 245°G (3-methyl alizarin* m.p. 
25(^52°C (XXXVIII),

II. Preparation of 3-aetfayl. 1.2,5-trlhydroxyanthraqulnoae
3-Methyl alizarin (t g) was treated with 6 ml of 100$ oleum 

at room temperature In a $0 ml stoppered RB flask for 14-18 hrs.

The reaction mixture was diluted with 50 ml of concentrated HgSOij, 

and poured on 250 g crushed ice. The sulfuric ester which 

separated was filtered and the wet cake dissolved in 10$ aqueous 

KaOH solution. The violet solution was acidified carefully with 

concentrated %£>%, avoiding an excess of the acid. On boiling 

for 15 minutes, the precipitate was filtered and washed well.
The dry precipitate (0,?50 g) showed two spots, on oxalated silica 

gel plates using benzene as solvent. One corresponded to 3-methyl 
alizarin. The crude compound (0.?50 g) was dissolved in BMP and 

absorbed on column grade silica gel, A dark violet band was eluted 
from the column upon elution with benzene. The eluate was concen

trated to 1-2 ml and 5 ml of methanol were added to it. The 

compound crystallised out when allowed to stand overnl$rfc. The 
crystalline product (180 mg) was l92,5-trlhydrcxy-3-methyl- 

antbraqulnone |XXXIX), while the mother liquor contained mostly 

3-methyl alizarin. The crystals were bright red microplates having
a m.p. 220°C, Theory Found

C 66.7$
H 3.7$ 67.2$4.5$.



III. Hethylation of 1.2,5~trlhydroxy#3~nethylanthgaquinone

1,2,5-Trihydroxy-3-methylanthraquinone (0,3 g) was refluxed
with 35MS, acetone and dry KgCO^ for 6-8 hrs. After working up the
reaction mixture, the crude product was dissolved In CHCI3
and passed through a grade I neutral alumina column. The eluate

was concentrated and spotted on PLC, which was developed with a

mixture of benssne-acetone (9»l) and out of the three hands the
major hand was collected, extracted with acetone and afterwards

evaporated to dryness. The compound was crystallised from methanol

as yellow needles (180 mg) and had a ra.p. 130-137°C*
Theory Found

C 69.2# 69.0#
H 5*1*

The IR spectrum of the synthetic compound is superimposable 

with that of the dimethyl ether of the compound isolated from 

teak callus culture.

The fast moving hand from the PIC gave yellow needles 

melting at 13i-132°C which was near the melting point of 

3-methyl alizarin dimethyl ether (ia»p. 127°C),



SECTION 4

DISCUSSION

1. Structure of teak quinone-A

In the present work, the Isolation of the pigments from 

teak callus tissue© and characterisation© of these compounds 

has been discussed.

The tissues were . and extracted with ace tomlyophllised
The acetone extract on thin layer chromatographic plates (silica 
gel? benzene-acetone) showed the presence of four pigmdnts

on TLG plates (Fig. 8),
Initially functional separation of the total acetone 

extract was tried hut was unsuccessful. Thus when the total 

extract was shaken successively with aqueous saturated NaHCO-j,

10$ aqueous BagCOj and 5$ aqueous NaOH, there was no clear cut 

separation of these compounds. All the pigments were soluble 

in aqueous $©2003.
The total extract was submitted to silica gel column 

chromatography using benzene and benzene-acetone for development 

and elution of the fractions. Acetone was used in increasing 

percentage in benzene and a number of fraction® were collected. 

All the fractions were monitored on TLG plates and similar 

fractions were pooled and worked up in the usual manner. The 
first few fractions contained the major compound (teak quinone-A) 

It was crystallised fro® bengene as yellow needles, m.p. 23?°G.

designated as teak quinon B, G and -^|^^moVQ^ very fast
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It was insoluble in aqueous sodium bicarbonate, but dissolved in 

5% aqueous sodium carbonate. It was readily reduced by alkaline 
sodium dithionite and was regenerated by air oxidation, indicating 

its quinonoid character* The electronic spectrum of the pigment 
in alkaline sodium dithionite showed that it is an anthraquinone 
derivative, and its solubility in aqueous sodium carbonate 

indicated that it has a hydroxyl gfoup In 0 -position. The mass 
spectrum showed the molecular ion peak at a/e 284, shifted by 

in situ deuteration to m/e 286, showing the presence of two 
hydroxyl groups. The IR spectrum (K3r pellet) showed the 
presence of a hydroxyl group (3350 cm"1), a non-bonded carbonyl 

(1675 cm”1) and a bonded carbonyl (1635 cm"1). The UV spectrum 

in ethanol showed maxima at 253* 276 and 415 nm*

Its BM& spectrum (pyridine, chemical shifts on S' -scale) 
showed the presence of one methoxyl group (6.l) and a methyl 

group (7.6) in a 0 -position of an anthraquinone molecule* On 

methylation with methyl sulphate and potassium carbonate in 
boiling acetone, it gave a dimethyl ether (Mt 312) indicating 

the presence of two hydroxyl groups, %e HKR spectrum in COCl^ 
(Fig. 9) of the dimethyl ether shows the presence of a fi,-methyl 
group at 7*6 and three methoxyl groups at 5*95~6,05. In the 
aromatic region it shows a single-proton quartet at 2.75* a 
single-proton triplet at 2.33 and a single-proton quartet at 2.15} 
the pattern is characteristic of the aromatic protons of 
1,8-dimethoxyanthraquinone, In addition to these three aromatic 

proton®, the spectrum shows a single-proton singlet at 2,1



(overlapping with the quartet at 2,15) Indicating that one of the 

benzene rings of the anthraqulnone molecule is substituted in the 
l»2*3-posltlons, The occurrence of the singlet at 2.1 about 
0,4 ppm downfield compared with the 4-proton in l-raethoxy-3- 

raethylanthraquinone can be explained by the overcrowding of the 
adjacent groups which may result in pushing ^-methoxyl group 

out of the molecular plane.

The trimethylsllyl ether of teak quinone A has been 
prepared by dissolving it in excess of bis-(trlmethylsilyl)- 

acetamide and then distilling the excess of the reagent. The 

NMR spectrum of the silyl derivative in CCljj, showed two, 
three proton singlets at 7*7 and 6.2 representing the ^-Me and 

OMe groups respectively. In the aromatic region it show® the 
presence of 4 aromatic protons, a quartet at 2.93, a triplet 

at 2,47 and another quartet st2.17 all constituting ABC spectrum 

indicating that one of the benzene rings of the anthraqulnone 
moiety is substituted at 1-position by an OH or OMe group.
Besides these three protons a singlet at 2,13 suggests that the 

other benzene ring is substituted at 1,2,3-positions•

The substitution in one benzene ring in the dimethyl 
ether can therefore be te2-dlraethosy«3“»®thyl or 1,3-dlmethoxy- 

2-methyl, the former is to be preferred because the raSthyl 
sandwiched between two OMe groups will appear at 0.2 to 0.3 ppm 
upfield compared to a normal)?-methyl group, further proof of

the former orientation of groups In one ring was obtained by
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treatment of the parent pigment with hydrolaromlc acid in glacial 
acetic acid* the product was a trihydroxy-methylanthraqulnone 
which gave a colour reaction characteristic of allsarin (violet 
with aqueous sodium hydroxide)# Based on the spectral and 
chemical evidence, teak tissue qulnone-A can have structure {[XL) 
or 5XU).

Structure )XLl) was suggested earlier for obiusifolin, 

a compound Isolated from Cassia obtuslfolla (Takido i960) 
and its dimethyl ether was synthesised by an unambiguous route 
by Patwardhan (1961). The dimethyl ether of the teak tissue 
aulnone was not identical with the dimethyl ether of (XU)

(TLC behaviour, ns.p», IR). The dimethyl ether of the new quinone, 

on treatment with hydrobromlc acid in acetic acid at room 
temperature, which preferentially demethylates ^-methoxyl groups 

in anthraqulnone, gave a dihydroxy compound whose IE spectrum 
shows only one absorption at 1635 cm”*' for both the carbonyls 

indicating that the hydroxyls are in the 1,5-position. Further,
Its NKR spectrum (CDCI3) shows the signals.corresponding to the 

bonded OH groups at -2.83 and -2.63, which can he assigned to 
the hydroxyls in the 1- and 5-positions respectively. Hydroxyls 

in the 1,8-positions may be expected to appear in the rogipn 
around -2.0.

The mass spectrum of teak qulnone-A (Fig.10) showed a 

strong peak at m/e 286 (base peak) corresponding to the molecular 
ion. There were relatively few peaks in the spectrum. The 

molecular ion loses 18 mass units giving an intense peak at
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CHART-3

MASS SPECTRAL FRAGMENTATION OF TEAK QUINONE-A

m/e 239 (10-4%) *f§§— m/e 267(17-3%)

m/e 255(11*7

m/e 213 (5*5%) <- - 28
CO

■I7(-0H)

h2o

- 18
^ m/e 266(68*98%)

-60 -28

m/e 238(46*5%)

•CH- -15

m/e 241 (24%) 

CHART-4

MASS SPECTRAL FRAGMENTATION OF DIMETHYL ETHER OF TEAK QUINONE-A

m/e 269(6%)«-----~----- m/e 281 (15*7%) ------ m/e 251 (6%)
-co 30

> m/e 282(5%) 

-CH3

m/e 267(5%)



m/e 266. It shows as the oth*ar hydroxy and raethoxy anthraquinone 

compounds loss of carbonyl, methyl and hydroxyl groups (Chart Z§j), - 

In the mass spectrum of dimethyl ether of teak quinone A (Chart £|}) >' 

also the base peak corresponds to a molecular ion. The peak 

corresponding to H-15 at m/e 29? is relatively of low intensity 

compared with the 1,8-dlmsthoayanthraquinon© supporting that the 

methyl groups must be in 1,5-positions.

Teak quinone-A, therefore, has the structure (XL).

When this work was completed there was no record of the occurrence 

of an anthraquinone derivative In a tissue culture? but in recent 

papers isolation of 3-iaethylpurpurln-l-methyl ether, an Isomer of 

jfxL) from the tissue culture of Digitalis lanata has been reported 

(Furuya ©t al, 1971, 4972). Alizarin, morindon© and damacanthal 

have been isolated by Leistner from the callus of Morinda cltrifolia 

(leistner 1973)* None of the quinones so far isolated from teak 

has the structure (XL).

HMR snactra of hydroxyanthraquinones

A number of hydroxyanthraqulnonea have been Isolated 

from various natural sources and in recent years their structures • 

have been elucidated mainly based on their spectral data. Hfffi 

analysis of these compounds is very helpful in arriving at the 

structures of these compounds although it may not be possible to 

arrive at the location of different substituents in the two benzene 

rings of the anthraquinone molecule with certainty. Thus it is 

difficult from the HMR data to differentiate the structure of 

1,6-dihydroxyanthraquinone from 1,7-dihydroxyanthraqulnone.



Anthraqulnone shows two sets of raultiplets centered at 
1,8 and 2,2, corresponding to the and ^protons respectively. 

In general an OH group shifts the ortho and para protons by 
0.5-0,6 ppm upfleld while a Me group shifts by 0.3 ppm. The 

rule of additivity is very much valid in these compounds, 

Met-hoxyl group shifts the ortho and para positions similar to 

hydroxyl substituents. Thus in 1-hydroxy anthraqulnone the 
2-protons appear around 2,8, an upfield of 0.6 ppm. In 1,3- 
dihydroxyanthraqulnone the 2-H is seen at 3«3» while the A-H 

is at 2.8, both have moved to higher field by 1 ppm compared to 

the values in unsubstituted anthraqulnone. However, the rule 

of additivity is not valid in the case of 1,2,3-irimethoxy- 

anthraqulnone and 1,2-dImethoxy-3-H®thylanthraquinone, bemuse 

the 4-H is always seen at a lower field than expected. Thus 

in teak quinone-A, the A-H is seen at 2,1 and not at 2,5 to 2.6 

which is normally expected if the rule of additivity is valid. 

This can be explained by overcrowding of the substituents 

resulting in pushing the t-OMe group out of the molecular plane. 

However, if this Is partially demethyl&ted, the o(-0H group will 

be bonded with the adjacent 00 group and will come In plane 
with the rest of the molecule and the A-H appears as usually 

expected.
No proper attempt has been made in analysing the OH 

groups in hydroxyanthraquinones in their NHR spectra. These 

compounds are normally insoluble in CDOlj, but they go k 

freely in BMSO. The OH groups at <d -protons are seen as sharp



Chemical shift of the bonded hydroxyls in 
some of the hydroxyl derivatives of anthraquinone

No . Compound Solvent Chemical
shift

Multi
plicity

Ho. of 
protons

Possible
assignment

i i-Kydroxyanthra-
quincns

K5S0 -2,3 s 1 chelated OH

2 2-hydroxyanthra-
qulnone

ft -1.15 s 1 f-OH

3 i , 3-Dihydroxyaq. ## -2.9 s i chelated OH
4, 1,4-Dihydroxyaq. AsCl^j —2,88 s 2 It

5 1,8-Blhydroxyaq, cdci3 -1,84 8 2 n
6 112 94-trihydroxy mm -3.3 e
7 1-Hydroxy , 2-hydroxy 

methyl »3-m©thoxyaq. CDCl^ -2.70 s 1 9i
8 1-Hydroxy,3-methyl

m*
n -2.60 s 1 19

9 %, 8-Dihydro3^, 3- 
methyl aq.

JMSO -2.80 s 1 tv

m 1,2-Dihydroxy, 
4-methyl aq.

n -3.3 s 1 <«

it 1,8/Dlhydroxy, 
3-methyl aq. CDC13

i i I-4* H
 

• 
«

CD
\0 o o s 1 *t

12 1,5-Dihydroxy- 
2-methoxy,3- 
methyl aq.

DMSO -2.83 s 2 19



signals because of their bonding with the OO groups, but the 
fi -OH groups many times appear as broad signals and also difficult 
to assign if there are more than one such substituents, In 
l-hydrcxyanthraquinone, the OH groups is seen at -2,9. and the 
variation is not much with different substituents (see Table 35) • 

However, if there are two hydroxyls, both at *-positions in the 

same ring or different rings, the situation is altogether different 
and one can easily find out the location of the hydroxyls. If the 
OH groups are at i,4-posiiions as in quinisarln and purpurin 

they are seen around -3,2 to -3,5* But If the two hydroxyls are 

in the different rings of the anthraquinone moiety then two 
isomeric structures can be written, l«e« 1,5- or 1,8-substituted 

derivatives and the chemical shifts of their OH groups are a 
diagnostic feature In differentiating these Isomers. Thus in

1.5- dihydroxyanthraquinone, the OH groups are strongly bonded 
with the C=0 groups and appear around -2,7 to -3*3, However, 
if they are located at 1,8-positions, then both are bonded with 
the same 0-0 group and are seen at -1.8 to -2,1. A few such 

examples have been quoted in Table 35» Teak quinone-A is 

partially deaethylated with HBr-GH^COOH, the HHR spectrum of 
the resultant 1,5-&ihydroxy-2-methoxy-3-ffi®thylanthraquinone 
shows the bonded OH groups at -2,63 and -2,83. This supports the 

orientation of the oxygenation pattern In teak quinone-A at
1.5- and not at 1,8- position.



(2) Teak gulnone Bl

As described in the experiments, compound was isolated 

and purified by repeated chromatography. The quantity of compound 

Bi being very little (less than 2 sag) it was subjected to mass 
spectra only. It shows a molecular ion peak at 268. A strong 

peak is shown at H-15 Indicating the presence of one methoxyl group.

The compound gave positive vat test indicating its

quinonold nature. The absence of ferric colour, shows that 
<<

k there are no^hydroxyl groups. Its solubility in NagCOg indicates 

b the presence of a-hydroxyl group, from the molecular weight It 

can be assumed that the present compound is either dlgitolutein 
(l-OGHg, 2-OH, 3-CH3 anthraqulnone)or 3-methylallzarin-2~methyl 
ether, 1,5 or 1«2-dimethoxyanthraquinone, all being very near to 
teak qulnone-A, The last three possibilities were ruled out 

as -OH Is indicated by solubility in aq. SfegCOj, Also on 

demethylatlcn with HBr in HAc, the compound gives a dark violet 

colour with HaOH solution showing the presence of two adjacent 
OK groups• Its melting point (215-218°) being nearer to dlgitolutein 
(224-228°) the compound was found to be dlgitolutein, which for the 

first tlme^being reported in teak£ XCTL)

(3) Presence of 1.2.5-trihvdroxy-3-methylanthraQuinone 
in teak tissue culture

Total acetone extract of teak tissue Indicated a violet

band near the base line when chromatographed on silica gel plates. 
A pure sample of l»2,5-trlbydroxy~3~®ethylanthraquinQne was spotted
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along with th© total teak tissue extract. RF values of both the 

1,2,5-trihy&coxy-3-methylanthraq.uinone and the violet band were 

similar in benzene-acetone (95*5) and benzene-ethyl acetate(95*5) 

systems. The total mixture and t, 2,5-trlhydroxy-3-met byl were 

spotted on oxalated silica gel plates, and it was noted that the 

total mixture contained a compound similar to i,2,5-trihydr oxy-3- 

methyl anthraquinone. From this it can he concluded that the 

teak tissues contain the latter compound.

k, Chemical examination of teak wood

The presence of teak ouinone-A in the teak tissue culture 

required reinvestigation of teak wood to ascertain its presence or 

absence of the same. Sandennann and Simatupang (1966) have reported 

7 anthraqulnones from teak wood. Mono of the reported compounds is 

identical to teak qulnone-A (iJ—Xej*?) .

From the acetone extract of teak.wood a compound having 

similar Rf to that of teak quinone-A ms obtained. This compound 

(TWB-a) was isolated and- purified by column chromatography and 

PLC (Benzene-acetone, 95*5)* T4E~h was crystallised from methanol 

as dark yellow crystals. TWB-A gave a positive vat test indicating 

its qulnoid nature. Further purification of this- compound was 

done by preparing an ethylchloroformate derivative.

The NKS spectrum of the above derivative, ms taken in 

GDCl-j* It indicates a-methyl at 7.5 and a aethoxyl at 5*95 an! 

a singlet at 1.9* Intensityof methyl was double that of aathoxy



Indicating that this compound is probably a mixture of two 

compounds, When spotted on an oxalated plate and run with benzene 
containing 5$ acetone, it showed the presence of two compounds.

From this data the following two structures can be suggested for 

these compounds. Teak qulnone (Mil) was also isolated from 

callus cultures,

(5 5 Synthesis of 1.2,5-tr imethoxy-3-nathylanthraqulnone

The synthesis of teak quinone-A trimethyl ether has boon 
undertaken to confirm its structure, fehcftl4 1

In the first Instance an attempt has been made to synthesise 

this compound by the condensation of 3-ehlorophthallc anhydride 

with o-cresol methyl ether and subsequent hromlnatlon aid, 

conversion of the two halo groups to aeihoxyls as Indicated 

in chart 3.

3-Chlorophthallc anhydride was prepared by bubbling 
chlorine gas through a melt of 3-nitrophthalie anhydride at 240°, 

Condensation of o-cresol methyl ether with 3-ehlorophthallc 

anhydride resulted in a mixture of two benzoyl benzoic acids, 

one being major, and were eyclised with sulphuric acid-boric acid 
to yield the corresponding anthraquinone derivatives jjXXXl).

However, when the crude mixture was crystallised, the major 

compound separated and was homogeneous on TIC. The product 

is soluble in aqueous sodium hydroxide solution indicating 

that it is a /-hydroiqranthraquinone derivative and. may have 

formed by demethylation during the oycllsation process.
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It can be represented either as 2-hy&roxy-3-m©thyl-5~chloro- 

anihraqulnone (XXXIa) or 2-hydroxy-3-methyl-8-chloroantbraq.ulnone 

(XXXTb), This on bromination gave the corresponding 1-hrono 

derivative |XXXIl)» The product was methylated with dimethyl- 

sulphate and KSOG3 in boiling acetone to give l-faroao-2-raethoxy- 

3“E©thyl“5 or 8 ehloroantbraqulnone (XXXIII), The HI® spectrum 

shows two singlets of 3 protons each at 6,09 and 7*75 corresponding 

to OHe and a i-methyl group of tho anthraqulnone moiety.

Compound IXXXIII) was then treated with sodium methoxid© 

in absolute methanol in presence of silver nitrate. The reaction 

product was found to be a mixture of compounds and did not 

contain any spot corresponding to the Rf value of teak quinone-A 

or obtusifolin dimethyl ether. On purification by column 

chromatography, small quantity of a pure product was isolated 

and was characterised as 2,5-di-aothoxy-^r®®Ihylanthraquinone 

formed by the dehroraination of (XXXXlJf during the reaction* 

However, if the conversion of the halo groups to methoxyl was 

carried out in the absence of silver nitrate, the reaction 

mixture showed the presence of a minor compound corresponding 

to the Rf value of %eak quinone-A, The compound ms too small 

in quantity that no further attempt could be made to obtain 

the product by this route.

It is known that chlorine or bromine can fce converted 

with sodium phenoxide to the corresponding pheaoxy derivative 

more easily than directly to OMe groups, Further tho phenoxyl
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groups can fee exchanged with OMe groups fey boiling with sodium 

methoxlde in absolute methanol. When this sequence of reactions 

were carried out on 1,5-dichloroanthraquinone, the resultant 1,5- 

diraethoxyanihraquinone was obtained in reasonable yields, but 

in the case of l-brcao-2-methoxy-3-!nethyl 5 o* 8 chloroanthra

quinone, the ssme sequence of reactions resulted in Intractable 

mixture of products.

Having failed fey the usual sequence of reactions indicated 

above, the synthesis of teak quinone-A methyl ether has bean 

achieved unambiguously starting from 1,2-dlhydroxy-3~ffiethyl~ 
anthraquinone.CI' &)

About 83 years ago Bohn (l89l) treated alizarin with a 

high content of oleum and obtained a valuable dye which was 

subsequently characterised as 1,2,5,8-tetraJbydroxyanthraqulnone» 

Almost at the same time and independently Schmidt (189&) came across 

SBCoEess the same reaction using 2% oleum. It was Gatterman (i89l) 

who examined the dye obtained from alizarin qn& found it to be 

1,2,5,8-tetrahydroxyanthraquinone. Schmidt also found simulta

neously a number of other methods of introducing OH group into 

the anthraquinone moiety. This caused some misunderstanding 

about a clear definition of the Bohn-Schmidi reaction and is 

referred to the action of a high percentage of oleum with 
hydroxyanthraquinone with aljleast one hydroxyl at 2-position at 

temperature between 25-30°. Although this method of hydroxylation

is basic and of technological lmportar.ee in anthraquinone chemistry,
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there are only scanty references in the literature about the

nature of this reaction. According to Gattermann (l89l) the

conversion of alizarin to quinaiisarin goes through & neutral

cyclic sulnhats with as intermediate. The isolation of this ‘ A

cyclic sulphate gives no indication of the reaction course.

The mechanism of the reaction is also difficult to predict at 

this stage. It Is also found that if the reaction is carried 

out for a shorter duration of time the product from alizarin 

will be 1,2,5-trlhydroxyanthraquinone» E^om this it is clear 

that alizarin goes to quinalisaxin through 1,2,5-trihydroxy- 

anthraqulnone by further bydroxylation.

It was thought that 1,2,5-hydroxy-3~metbylanthraqulnone 

can be prepared hy Hohn-Schmidt*s reaction on 1,2-&lhydroxy-3- 

methylanthraquinone (XXXVIII). This compound was synthesised 

by the condensation of 3~methylcateoholdimethyl (XXXVII) ether 

with phthalic anhydride (XXXVI) by aluminium chloride-sodium 

chloride melt. The compound (XXXVIII) was then dissolved in 

80$ oleum and left at 25-30° for 12-16 hr, and on working up,

1,2,5-trlhydroxy-3-usthylanthraquinone (XXXIX) was obtained 

together with some starting material. The product showed in 

the IE spectrum both the O© groups bonded to the hydroxyl 
groups and hence the orientation of hydroxylvM?ee£ixed* On

* ~*/C

methylatlon it gave 1,2,5~tr isiet hexy-3-methyl (XXXTVa) anthra- 

qulnone identical with the dimethyl ether of teak quinone-A.

The IB spectra of teak quinone-A trimethyl ether and the synthetic 

product are superimposable (Fig. If).



CHAPTER -V

EFFECT OF VARIOUS FACTORS ON THE PRODUCTION 
OF TEAK QUIMOHE^A AND ITS BIOGENESIS
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SECTION 1

Effect of various factors on the production of 
Teak qulnone - A.

Experimental and Results

In Chapter III, the effect of various growth factors on the 

growth of teak callus was described. This chapter deals with the effect 

of some of these factors on pigment production, particularly of teak 

quinone-A whose structure has been discussed in Chapter IV. The 
tissue was grown as described in Chapter I on different media 
containing the growth substances, and harvested after 35-45 days. 

Estimates were made as described in Chapter IV and the products, 
chidfly teak qulnone A, isolated by PLC using benzene, acetone (95*5)• 

For quantitative determination, comparisons of the u.v. absorption at 
276 or 410 na were made against known amount^f crystalline teak 

qulnone A, The effect of a particular growth factor on the 

production of pigment was compared with controls In each set of 
experiments. Changes in the composition of the media with respect 

to the different test substances are referred to In the respective

Tables. cfooiriat'Ogfaphld' paiCern is "compared with that of ‘Flg^M (spot l). 

(a) Effect of am of tissue
Callus tissue for these studies was obtained by ©cowing 

the tissue on the standard medium containing 10 ppm gibberellic acid 
and 3*2 ppm glycine Instead of 2 ppm since the earlier isolation of 
teak qulnone A was carried out from tissue grown on this medium.
Pigment (Teak qulnone A) concentration was determined in the tissue
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over a period of O~?0 days at 5 to 10 day intervals. The amount of 

pigment in the tissue during the first 30 days increases gradually 
(Fig. 12) and later shows a sharp rise, reaching Its maximum on the 

45th day. This corresponds to the end of the logarithmic phase of 

growth. After this period the pigment concentration gradually drops 

till the 70th day.

(b) Effect of gibberellic acid (GA3)

Teak tissue was grown either with;, or without gibberellic 

acid and the pigment estimated in the tissue after 35 days growth 
(Table 36). Tissue grown with GA3 contained three times more teak 
qulnone A than tissue grown in its abscenee.

The Influence of gibberellic acid when it was autoclaved or 

sterilized by filtration is also shown in Table %. When GAj was 
filtered and added aseptically the concentration of teak quinon© A 

was doubled, but when autoclaved with the medium it was about seven 

times higher than the control. This indicates that during autoclaving 

the Gkj possibly breaks down to products which enhance plgrient 
production.

(c) Effect of different gibbsrellins

Since autoclaved Gkj was found to have a marked positive 
effect on pigment production the different glbberellins were autoclaved 

with the medium for testing their effect on pigmentation in teak 

callus (Table 3?)* Pigment production on tissues grown with GA4 
ms the maximum being 11 times more than the control, followed by 
GAj, GAj3» GA«-, GAy and GA«j where the levels were 4 to 5 times more.



170

Table - 36
Effect of gibtoerellic acid (autoclaved and

aseptleally added)
Medias Mineral salts - Murashlge and Skoog*s 
Organic supplements - Murashige and Skoog’s ,Other supplements(ppm) IAA - 5i kinetln - ij sucrose - 3$#

No. Supplements Teak q.uinone A 
per a', wet tissue

1 « 0.058
2 GA^ 10 ppm (autoclaved) 0.256
3 ” (aseptically) 0.098

Table - 3?
Effect of various gibberellins on pigment production 

Mediai As in Table % all gibberellins added at 10 ppa and autoclaved

No Supplements Teak quinon© A 
rag/ga of mt tissue

mm 0.06i
:GA1 0.28?
GA^ 0.21?
GA|j, 0.706
ga5 0,236
GA^ 0.231
GA^ + GA^ 0.090
GA^ ; 0,089
^13 , 0.2639



It is surprising that a mixture of GAi* and GA<p did not increase 
pigment formation.

The number of pigments as determined by PLC also varied 
with the different glbberellins. Tissues grown on GAi, GA^ or GAjj 
showed a similar type of pattern similar to that of the controls with 
a trial of eight different bands. On GA3, GAfy or GA5 the tissue 
extracts showed one extra violet coloured band situated above band.B. 
GAfy, GA4/GA? and GA9 grown callus were similar but had In addition 
one violet ban! above band A (i.e. teak quimne a). "

(d) Effect of carbohydrates

While studying the effect of different carbohydrates on 
growth (Table 14) it was observed that pigmentation differed with 

respect to the carbon source supplied. Table 38 shows the effect of 
sucrose, glucose, galactose and fructose on pigment formation.
Maximum pigment formation ms observed with fructose followed by 
sucrose and galactose. With glucose, pigment formation was negligible. 
The bands observed on PIG with glucose, galactose and sucrose grown 
callus were similar while in ffcuctose grown callus band G was very 
prominent, and a very dark violet streaking above the base line 
was also present. Although galactose trots the best carbon source 
for growth, tissue grown on this carbon source contained almost 
the same amount of pigment par gram of %issue as sucrose grown tissue. 
The results suggest that the constitution and metabolsim of these 
different carbon sources by teak callus differs particularly with 
respect to pigment forsatlon.
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Table

Effect of various carbohydrate sources on pigmentation
Mediaj Mineral salts - Murashige and Slcoog's Organic supplements - Murashige and Skoog'sOther supplements(pp^* IAA - 5f klnetln - lj all the carbohydrates

were supplied at 3$
Ho. Supplements Teak quinone 

rb/b. wet tissue
1 Sucrose 0.051
2 Glucose 0*003
3 Galactose 0.046
4
•mmurntm

Fructose 0.143

Table - 39
Effect of various nitrogen sources on pigmentation 
(Control contains macro salts as per Murashige &Skoog's medium)

Medias Mineral salts - Murashige and Skoog without nitrogen sources Organic supplements - Murashige and Skoog'sOther supplements (ppm)- IM - 5» klnetln - is sucrose - 3$«
In experiments 2-5 Inorganic nitrogen sources were omitted and Nj. sources added at 840 mg %/l medium and KC1 ms used for supplying K* ions 
in experiments 3* 4 & 5. YE was added at 0,2$

Ho* Supplements Teak quinone A og/ff wet tissue
1 Control 0.059
2 KN03 0.257
3 HH4N03 0.055
4 Allantoin 0.024
5 IB 0.579
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(e) Effect of nitrogen sources

Figment concentration in tissue grown on different nitrogen 

sources Is Indicated in Table 39* Highest pigmentation was observed 

with yeast extract grown tissue followed by potassium nitrate, 

ammonium nitrate and allantoin* Tissue grown on potassium nitrate 

imparted a red colour to the medium. The pH of this medium was 

found to be about 6.5 and may have been responsible for this colour.

In the other cases the pH of the medium was unchanged.

(f) Effect of coconut milk and NAA

In all the previous experiments carried out to study pigment 

production with regard to different nutritional factors both kinetin 

and IAA were used together. Table 40 indicates the effect of CM and 

NAA on pigment production.

The callus tissue gave four times more teak quinone A when
i ,

kinetin was replaced by coconut milk and gave almost half of it when 

IAA was replaced by NAA.

(e) Effect of growth retardant and Gkj
The effect of the growth retardants on pigmentation was 

studied in the presence and absence of gibberelllc acid (l ppm)

(Table 4i). A 40 fold increase in pigment formation with respect 
to teak qulnone-A was observed with ASA 0.1 ppm. When GA^ was 

added together with ABA (o.l ppm) the amount of pigment formed was 
greatly reduced whereas when GA^ was combined with ABA (0.01 ppm) 
pigment formation increased.



fable - 40

Effect of CM and HAA

Media* Mineral salts - Murashlgs and Skoog's 

Organic supplements - Muraahige and Skoog’s*

Other supplements (ppm) IAA - 5? NAA - 2? klnetin - Is sucrose - 3$t
CM - 15%.

No* Supplements Teak (julnone A 
m/R wet tissue

1 Klnetin, IAA 0.015

2 CM, IAA 0.060

3 Klnetin, NAA 0.007
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Table - 4l

Effect of growth retardants and GA^ on pigmentation

Mediat Mineral salt® - Muraehlge and Skoog’s 
Organic supplements - Hurashige and Skoog’s 
Other supplenients(ppm) - IAA - 5? XAA - It ABA - 0.01 & 0.1}

AMO 1618 - O.lf CCC - 0.1; GJU - 1; 
sucrose - 3%*

The growth retardants were added aseptically to 
medium while GA^ was autoclaved with the medium.

Ko. Supplements Teak quinone A 
mg/g wet tissue

- 0.015

GA^ - 1 ppm 0,181

ABA - 0.01 ppm 0.033

ABA - 0.1 ppm 0,052

ABA - 0.01 + GA3 1 ppm 0.275

ABA - 0.1 ppm + GA3 1 ppm 0.135

AKG 1618 - 0.1 ppm 0.03S

AMO - + GA3 1 ppm 0.137

CCC - 0.1 ppm 0.032

CCC 4- GAj 1 ppm 0.08610



The pigment pattern as observed from PLG bands was
different with the different growth retardants. The control, GA-j 
(1 ppm) and ABA (0.01 and O.l) grown callus showed 8 bands. MG 1618, 
GA3 + ABA |,01 ppm), GA3 + ABA (0,1 ppm) and GA3 + AMO 1618) grown 
callus gave in addition a violet band between teak qulnone/A 

and band £ whereas GGG grown callus showed a violet band after 

tend B whereat and above tend G, which was not observed when GA3 
was also added to this medium.

ABA (0,01 ppm), AMO 1618 (0,1 ppm) and GCG (0.1 ppm) gave 

two to two and half times increase in teak qulnone-A, GA^ reversed 
the effect of ABA on growth but pigmentation Increased eight times 
when GA^ (l ppm) and ABA (0.01 ppm) were added together than with 

A3A (0.01 ppm) alone. In the case of ABA (OdS ppm) and GA3 (1 ppm) 
together, the teak quinone-A concentration was almost half that with 
ABA (0.1 ppm) alone. This shows that the synergic effect of GA3 
and ABA for pigment production depends on their respective concen

trations. In case of AMS 1618 and COG, QAj Increased pigment concen
tration three fold and two and half fold compared to AMO 1618 and 

CCC alone but it did not enhance growth.
(h) Effect of light

The effect of light on pigment formation was tested on 
tissue grown on a CM containing medium when kinetln was omitted 
(Table 42). The tubes were illuminated with light from four 

fluorescent 40 watt day light tube lights situated about 15 cm



fable - 42

Mediat Mineral salt® *» Kurashige and Skoog's 
Organic supplements - Murashige and Skoog(s 
Other supplements(ppm) - IAA - 5i CM - 15%. Sucrose - 3%.

Ho, Conditions Teak quinone A 
rog/g wet tissue

1 Ho light 0.060
2 16 hrs/day light 0,147
3 16 hrs/day li#Yt (1st subculture) 0.159
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from the tube for 16 hours. The tissues turned green within the 

first 10-20 days but later they became dark brown. Light gzcim. 
tissue contained nearly double the amount of plgnent. This 

tendency to produce higher levels of pigment in light was not lost 

even after subculture.
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SECTION 2
»«im»im ......... «mi

Biogenesis of teak cminone - A

Experimental and Results

Tissue culture techniques are being used for the study of 
biogenesis of various plant products. Higuehl (1962). 5^1 tig et al.(l970). 

Bengali (1965), Hosel, Shaw and Bars (1972), Austin and Brawn (1973).

Chen, Stohs and Staba (1969) have studied synthesis and degradation of 
primary and secondary metabolites of plants by using tracer techniques 

in conjunction with tissue culture*

To study the biosynthesis of teak qulnone-A, two methods 
for administering labelled compounds were employed (l) a© in Higuchi's 

(1962) work on biosynthesis of lignin in white pine callus and (2) 

based on FTitlg et al. (1970) work on biosynthesis of coumarins in 

tobacco callus culture.

Method I

In the previous section it was shown that pigment production 
increases rapidly between 30 to 45 days. Hence th© labelled precursors

were fed to 30 days old callus in its logarthraic phase of growth.

In the first method, tissues were starved for 24 h. by 

immersing them in salt solution (Murashlge and Skoog*e) at pH 5.0 to 6.
£.* 4 hThe callus as transferred to the radioactive solution of 2-^0 

acetate (specific activity 1.829 iu€/m mole). The tissues were 

harvested after 24 h, washed free of labelled solution and dried.
’ The callus^as extracted as described in Chapter IV and teak quinons-A 

was isolated by preparative layer chromatography. Teak quinone-A
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showed Incorporation of acetate hut the percentage incorporation 

was found to he low compared, to that obtained in the second method 
(Table 43).

Method It
In this method 2-^0 Ha-acetate having specific activity 

of 4,665 aQ/m mole was dissolved in water and made upto i ml with 

acetate buff®? at pH 6,0? 0,05 rat. of labelled solution was placed 

over actively growing callus on Murashige and Skoog's medium on its 

30th day. The solution was allowed to metabolise for one day and 

then the tissues were harvested, washed, dried and extracted. A 
higher percentage incorporation of 2-^C Ha-acetate into Teak- 

quinone~A was obtained by this method than by Method I (Table 43).

£>W T^pMicH C
Thompson and BurnettAhave shown that in short term tissue 

feeding of labelled sessional© to Kubla tlnctorum plants, equilibration 

was not reached and only the carboxyl group of pseudopurpurin got 

labelled. For the biogenesis of alizarin and other compounds in 

this plant they fed labelled mevalonat© for fifteen day®. Teak 

callus was fed by the second method with 2- 0 Ha-acetate having a 

specific activity 4,66? mC/m sole for fifteen days. After that teak 
qulnone-A was isolated and purified as usual. %e percentage incor

poration was better than in one day feeding experiments (Table 431 
Expt. 3).



Incorporation of labelled mevalonate

A known amount of a benzene solution of 2-^T! mevalonic acid 

lactone was vacuum dried and then treated with a solution of potassium 

bicarbonate at 37° for one hour to convert It into the potassium salt,

lit
Two experiments were carried out. In the first 2- G 

mevalonate having a specific activity of 5*85 rct/a mole was fed 

according to method II for one day. Teak quinone-A was isolated 

and purified according to the standard method and percentage incor

poration of labellM precursor was calculated (Table bjj Expt. 4).

In a second experiment potassium salt of mevalonic acid 

having a specific activity of 5.85 mC/m mole was fed for fifteen days 

according to Method II and the percentage Incorporation into teak 

quinone-A was calculated. It was observed that mevalonic acid had a 

higher percentage incorporation than acetate. It was also observed 

that mevalonic acid fed for fifteen days had a higher percentage 

Incorporation than one day fed callus (Table bJt Expt. 5).

When acetate was fed for 15 days the bands above and below 
£

of teak quiaone were isolated by extraction with acetone and the radio

activity measured* As they showed a very low count after repeated 

chromatography, It was assumed that there was no Impurity Ir. teak 

quinone-A, In all the four experiments the counting for 1 C was done 

on a liquid scintillation counter using Bayer’s solution. Teak 

quinone-A was dissolved in a known quantity of methanol taken for 

counting. The compound was purified till It gave a nearly constant 

specific activity (see table),
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SECTION 3 

DISCUSSION

The biosynthetic potentialities of plant tissue and organ 
cultures have been reviewed by various workers (Staba 1963f 

Krikorlan and Steward 19&9t Toralta 1971) and generally they differ 

froa that of the intact plants. The isolation of teak quinone-A 

from teak callus cultures also supports this view, as this is the 

first time It has been found In nature and is not similar to any 
of the anthr&quinones isolated from the teak tree (Thomson 1971a).

The effect of various factors like light, auxins, cytokinins, 

carbohydrates etc. on secondary plant metabolites have been studied 

by various workers. In the present chapter the effect of a few of 

these factors on the production mainly of teak quinone-A is 

described. Only those factors were studied where either growth was 

enhanced markedly or pigmentation visibly Increased. In experiments 

where the concentration of teak quinone-A washI7 higher, the number 
of spots in TLC plates was also found to be more, indicating possibly 

that a particular nutritional factor leads a greater influence on 

the biogenesis of these pigments.

(a) Age and pigmentation

Since the formation of lignins, flavonoids, anthraqulnones, 

etc. is related to the process of ageing in plants, a relation 

between growth and pigment synthesis In teak callu^was studied.

An increase in pigment production with age of the callus has been 
shown with Jerusalem artichoke and Haplopappue gracilis(Ibrahim et al.
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1971) • Alkaloid production was also found to be increased with age

of T. foenum-grqscum cultures (Khanna and Jain 1972) or as the tissues p '■> c 
differentiated (West and Mika 19571 Neumann 1968? Roddick and Butcher

1972) .

Maximum pigment formation was observed with teak callus 

tissue just before the steady phase of growth. No cytological studies 

were carried out on teak callus to determine whether any cellular 

differentiation had taken place.

(b) Effect of gibberellic acid

The biological activities of gibberellic acid and other 
glbberelllns in plants have been extensively reviewed (Paleg 1965;

Long 1970). Gibberellic acid (GAg) ms reported to have an effect 

on the flavanol content in Plsum sativum leaves -(Moore and Pedkat 

1972) and also on the enzyme activities (Jacobsen. Seandialols and 

Warner 1970* Pillet 1957) and development of autumn colour and leaf 

fall in a few woody plants (Brain, Petty and Richmond 1959)•

Gibberellic acid has. however, been shown to enhance the uptake 

and incorporation of anthocy&nin precursors by callus cells of 
Bauous carota (Louchele, lehner and Serts 197*0 ♦ In the presence 

of autoclaved gibberellic acid teak callus showed a 3-fold increase 

in the amount of teak quinone-A in freshly isolated cultures, 

whereas the increase was over 7 fold with cultures which had 

undergone many subcultures. The increase in plgaent production 

la the presence of aseptically added gibberellic acid was relatively 
less. Pryce (1973) recently has shown that on autoclaving, only



i-2& GA3 regains Intact, the rest decomposes mainly into 6 products.

The Increase in pigmentation of the cultures by autoclaved GA3 may be 

due to one of these products ox to all of them.

(c) Effect of various gibberellins

All the gibberellins tried were structurally quite different 

from each other and except for GA4 which showed a maximum enhancement 

and GAjj, + GAp and G&g, a minimum enhancement of pigmentation, all 

the other gibberellins tested gave pigmentation similar to or little 

sore than GA^. This result shows that GA^ diverts the cell metabolism 

for production of more of teak quinone-A and also the number of pigments 

produced were more than with GA3 grown callus.

(d) Effect of carbohydrates

There are very few reports on the effect of carbohydrates 

on secondary plant metabolites. Davydova and Butenko (1968) while 

studying lipid metabolism showed that the amount of linoleic acid 

and llnolenic acids ms increased by a higher sucrose concentration 

in the medium. Constabel (1968) has shown that tannin increased with 

higher concentrations of glucose, while Schants, Buranton and Peyrier 

(196?) reported that total carotenoids decreased with Increase in 

glucose concentration. The effect of different concentrations of 

sucrose was not studied, but using various carbohydrates (Table 38}

it was observed that with fructose maximum pigment formation occurred.
Ole,/tileat* fiJirAohi'n ww)

■ , Parthenocissus (b) tissues have been reported to produce flavonoids 

only in the presence of 5% glucose. Fructose or sucrose were 

ineffective. Fructose was found to ba affective for growth but not



for pigment production by poplar callus culture© (Matsttraoto, Hishlda, 

Noguchi and Tomaki 1973). This is contrary to the results obtained 

with teak callus*

(®5 Effect of various nitrogen source©

The effect of various nitrogen source© on pigmentation has 

not been reported. In the present study* cultures grown with YE, a 

complex substance and potassium nitrate showed a 5 to 10 fold 

increase in pigmentation. This indicate© that nitrogen metabolism 

also affect© pigmentation.

(f) Effect of auxin and ovtoklnln
kThe effect of cytokinln© and auxin© on alkaloid* antocyaninA

and isoflavone production In tissue cultures has been reported. 
-Konoshissa et al« (l9?i) have reported an increase in nicotine

Oproduction by klnetin and an inhibition by auxins with tobacco 

cultures. Recently It has been shown that the production of nicotine 

by tobacco callus cultures is very sensitive to auxin concentration, 
being higher at lower auxin concentration (Takahashi and Yoaada 1973). 

Alkaloid formation by Tylouhora Indies cultures was not stimulated by 
auxins (Benjamin and Mulchandanl 1973). Anthoeyanln synthesis was 

found to be suppressed by auxin In Haplonannus gracilis (Stickland and 

Su^brland 1972a) callus cultures, while Jerusalem artichoke required 

HAA for anthocyanin formation (Ibrahim et al. 1971) although It grew 
on IAA or 2,to. An auxin was also found to increase anthocyanin 
production with carrot (Sugano and Hayashi 1$6?) * Haplopappus gracilis



(Blakely and Steward, 1961, 1962? Ardenne 1965) and cape marigold 
(Harborne, Arditti and Ball 1970). The results with teak callus 

Indicate that IAA was better for pigmentation than KAA. The concen

trations of NAA (2 ppm) and IAA (5 ppm) were however different, For 
•the synthesis of the deos^rlsoflavone, diadzln (Miller 1969) a eyeias 

cytokinln was not required if 2,4B was present in the medium, but 

kinetln did affect the synthesis of an unknown compound if Q.6B 
sucrose or mannitol was used instead of 0,1 M sucrose (Miller 19?2), 
Formation of panicullde A, panicullde B and paniculide C by callus 

cultures of Andrographie panieulata was not affected by 2,^0, IAA, 
IAA, CM, kinetln or CH (Butcher and Connolly 1971)• Sven without 

any growth factors callus could synthesise these compounds. Coconut 

milk was found to induce pisatln formation in pea leaf discs 
(Bailey 1970), -Konoshima et al. (l97l) have shown that in their 

strain of tobacco callus kinetln induced nicotine formation while 

auxin inhibited it. For anthocyanin synthesis (Ibrahim et al, 1971) 
In Jerusalem artichoke and carrot callus^kinetln at low levels was 

essential while for rose and apple a high level was required. ® 

stimulated quinone formation in teak callus. Sairam and Khanna(l970) 

Khanna and Jain (1972), Khanna and Hag (1972) and Veliky (1972) have 

shown that small amount of precursor can stimulate synthesis of 

alkaloids in various cultures, CM contains shikimic acid which is 

a probable precursor of teak quinone-A, The increase in pigmentation 

of teak callus may be due to the various growth factors present la it



(g) Effect of growth retardants

There are very few reports on the effect of growth retardants 
on pigmentation in tiesiWeulture. ABA has been reported to reduce 

growth, lignin content, seopolin and scopoletin in tobacco tissue 
(Li at al. 1970). GAj overcame this ABA inhibition of growth and 

lignin synthesis and partially reversed scopoletin production. CCC 
with NAA increased carotenoids in tobacco cultures (Hardilik,

Gamburg, Nazareva 1973). B-995 did not influence the composition 

of carotenoids in a similar manner* With teak callus, quinone 

synthesis was found to be stimulated to a lesser degree with ABA 
(0.01 ppm), AMO l6l8 (0.1 ppm) and CCC (0.1 ppm) and to a greater 

degree with ABA (0.1 ppm). With 0.1 ppm of CCC or AKO l6l8 or 

ABA (0.01 ppm), GA^ 1 ppm increased pigmentation.

(h) Effect of light

Callus cultures exposed to light showed differences in
their biosynthetic capacity (Ibrahim et al. 1971? Brunet and Ibrahim

1973? Stickland and Sunderland 1972b). Phenolics in J. communis

callus were depressed fromS 25 ± W<> in darkness to 12 + 1% on
Illumination (Constabel 1963) although it did not affect growth.

Lipids were increased when kalanchoe callus was illuminated (Thomas

and Stohart 1970). Eutacultin a new coumarin was isolated from

light grown suspension cultures of Rute graveolens (Scharlemn 1972)t

Light stimulated synthesis of apigenin in soybean (Hahlbrock 1972)

and Inhibited polymerisation of leucoanthocyanins and increased all
monomeric components in tea callus (Forrest 1969)* Light has also

callus ofbeen shown to affect anthocyanin and flavonoid synthesis in/poplar 
efcol(HatsumotoA1973). Ha-plonaPbus gracilis (Stickland and Sunderland 19?2b)
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citruo peel (Brunet and Ibrahim 1973) and rose (Davies 1972). 

Anthycyanln synthesis was also shown to be promoted at different 
wavelengths of li^ht (blue, white, red and green) with cultures 
(Maismoto et al. 1973? Stickland and Sunderland 1972$* The results 

with teak callus also show a stimulation of pigment production in 
light (Table 42, 1, 2 & 3)fwhich was not lost on subcultured light 

grown callus.

i
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-SECTION H>akfa

In the present studies teak qulnone-A isolated from callus

culture of teak has been proved to bo l^-methoxy, 2,5-dihydraxy,
*

3-methyl anthraquinone, As shown in Fig* I (introduction) the

various ways of folding of the polyketlde chain leads to (l)
ie

emodin and endoclvein, (2) solori^&eid and versicolonln-A, etc.

In all these cases the hydroxyl groups are located at 1,3*6 & 8- 

posltlon of anthrsqulnonee, Th.e variation In the basic structure 
results from o-methylatlon* slde4haln oxidation, chlorination, 

dimerisation and the Introduction or elimination of nuclear 

hydroxyl groups (Thomson 197%)* It is known that removal of 

hydroxyl groups can take place before aromatlsation of the poly- 

ketide chain. For the formation of teak quinone-A hydroxylatlon at 

5-posltion^ has to take place, which can occur In the presence of 

hydroxyl at 6- or 8- position. It means that If teak-quinon© A 

is formed by condensation of polyketlde chain there should be 

the presence of two hydroxyl groups In ring A at positions 5, 6- 

or 5,8* Juglone (Lelstner and Zenk 1968d) (5-hydroxynaphthaquinone) 

has been found to Incorporate carboxylic group labelled shikimie acid 

and It was observed that keto-G-atoms were equally labelled,.
14Degradation of rlng-A of the juglone molecule labelled from 1,2- G 

shlklmate showed that activity Is symmetrically distributed In the 

molecule (Lelstner and Zenk 1968d), and this finding was also 

confirmed by Leduc, Donsette and Azerad (1970). This suggests that 

possibly 1,4-naphthaqulnone Is an Intermediate In juglone synthesis.



SCHEME- 1

SHIKIMIC ACID O-SUCCINYL BENZOIC ACID OC-KETOGLUTARATE 

XLIV XLVI

CH,

MORINDONE
XUX

UNKNOWN STRUCTURE + 

T-Y-DIMETHYL PP

OH COOH

ALIZARIN
IX

2-(Y- r- DIMETHYL ALLYL) 

-NAPHTHOQUINOL

XLVII

XLVIII

BIOGENESIS OF ALIZARIN ( LEISTNER, 1973,a b)



SCHEME JR

SHIKIMIC ACID 
XLIV

C-IO INTERMEDIATE 

(JUGLONE) L

BIOGENESIS OF TEAK QUINONE-A
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Sandermarm and Beltriehs^ suggested that naphthaqulnones might be 

precursors of methyl anthraquinones in teak as both of them occur 

together. From the above studies it can be speculated that teak 

tissue synthesised teak-A via the route shown in Scheme-II.

For the confirmation of the above hypothesis teak-callus 

cultures were fed. with labelled precursors. As described in 

Section 2, two methods were employed. From table it can be 

seen that method-II was better than raethod-I. Thispi may be due 

to tha inability of teak callus to grow in liquid medium. The 
percentage incorporation of 2-^C-lla-acetate by method II is almost 

3 times more than by method I. When mevalonate was fad for on© day 

by method II, the percentage incorporation was 0.02h, but with 

Na-acetate it was 0.0066, indicating that mevalonic acid Is the 

Immediate precursor for teak qulnone-A. Both the precursors were 

allowed to be metabolised for fifteen days separately and the 

percentage incorporations of acetate and mevalonate were calculated 

(see Materials and Methods). In this case also mevalonate (0,11$) 

incorporation was three times more than acetate incorporation^ ,038$).

The incorporation of acetate to such a high percentage in 

15 days feeding experiments can be explained on the basis of Listner’s 

(1973b) results with Madder root for alizarin biosynthesis. According 

to these results C-10, C-13 and. C-14 of the alizarin molecule come 

from ' -ketoglutarie acid which in turn Is derived from Kreb*s cycle, 

which utilizes acetic acid as acetyl CoA. Recently Mstner (1973a) 

has proved shikimate origin of morindone (1,5,6-trihydroxy 2-methyl



ant hraauinone) via O-suocinoyl benzole acid. Scheme II shows the 

biogenesis of alizarin and morindone as proved by Lelstner (1973a 

and 1973b). From the data obtained on percentage incorporation of 

acetate and mevalonate into teak q,uinon© -A in teak callus culture 
(Cistner 1973a, 1973b),(Leistner and Zenk 1968a, 1968b, 1968c, 1968a) 

and results with alizarin and juglon© btosynthesis^it seems possible 

that teak qulncne-A Is synthesised via the route postulated in 

Scheme III.

Due to the very low yield of this compound from tissue 
culture and also the limited availability of labelled precursor It 

was not possible to study degradation of labelled teak qulnone-A and 

establish the position of labelled-C infche anthraquinone molecule.
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SUMMARY AMD CONCLUSIONS

I. The Initiation and maintenance of callus cultures 
from teak, .jack, mulberry and tsonlar

The conditions for initiation and maintenance of callus 
cultures from branch or seedlings of Tectona grandls (teak), 

Artoearpus heteronhyllus (jack), Bogus alba (mulberry), and 

Populus nigra (Poplar), were determined. These cultures were 

maintained in vitro for over six years by subculture every 30-35 

days and may be regarded as viable cultures of these trees„ The 

cultures from teak, mulberry and jack represent the first viable 

cultures obtained from these trees.

For initiation of callus from explants in teak, mulberry, 

jack and poplar, the minimum requirements are agar medium containing 

mineral salts, vitamins, glycine, and kinetin or coconut milk.

Pantothenate and biotin enhanced callus formation from 

explants of teak, mulberry and poplar, but not from jack. The 

latter was stimulated by malt extract and yeast extract, whereas 

Initiation of teak callus was initiated by malt extract.

Bens©thiaaole-2-oxyac©tic acid was the best auxin for 

callus initiation from jack explants, and IAA or HAA or 2,41) for 

explants from the other trees. Kinetin or coconut milk was 

essential for callus formation in teak explants.
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The basal media used for initiation of callus from teak 

and jack explants did not support growth of these cultures on 

subculture. In the case of mulberry, two auxins 2,4B and IM.were 

added to the medium for the'initiation of callus, but IAA was 

sufficient for the maintenance of the culture. Poplar could be 

maintained on the same medium on which callus ms initiated from 

the explants.

For maintenance of viable callus cultures of teak* high 

salts nedlurn containing vitamins, glycine, casein hydrolysate,

IAA and kinetin was the best, while mulberry was grown on high 

salt medium containing vitamins, glycine, IAA, kinetin, pantothenate 

and biotin. Jack callus was maintained on Blaydes' medium and 

poplar on Murashige and SRoog's salt solution containing vitamins, 

glycine, kinetin, NAA, pantothenate and biotin. 2,4D was the best 

auxin for jack, whereas poplar was grown on NM,

o
Jack callus had a speoific temperature requirement of 30 C

,oand did not survive at 26 C, the temperature at which the other 

tissues were maintained.

All the cultures except teak were soft and, friable.
I v

Teak was tod and compact having a ye Howto orange colour.

Initially mulberry cultures were a mixture of Stilus and roots, 
ibis capacity to form roots was lost after ab^ut'; twenty subcultures. 

Mulberry and jack were light brown in colour, WhitLelpoplar callus, 

which ms initially white in colour, turned ligh^ hrpt^i after four
i \

i \ \\
years of maintenance in In vitro. \ . ^

i



II. Hutritlonal studies on freak callus

Detailed studies were undertaken on the nutrition of 

teak callus, Murashlge and Skoog’s mineral salts were better than 

media with low salt concentrations which were adequate for callus 

Initiation from explants.

Ammonium nitrate, potassium nitrate and yeast extract 

were good nitrogen sources.

The callus could utilise a variety of carbohydrates, 

like glucose, maltose, fructose and sucrose, but the best carbon 

source was galactose.

Teak callus teud an absolute requirement for inositol 

and the optimum concentration was 100 ppm. Pyridoj&ne added alone 
or together with tljamina In the presence of 1AA, kinetln, inositol 

and glycine, greatly stimulated growth. Nicotinic acid was not 

essential far growth.

An auxin was essential for continuous growth of teak 

callus culture. IM was the most effective auxin and its optimum 

concentration was between 5-10 ppn,

Kinetln stimulated the growth of teak culture even at 

levels of 0.1 ppm. With coconut milk the growth was twice as much 

as with klnetin. Tissue grown on media containing either diphenyl 

urea, aaatin or thiourea gradually increased in weight with 

subculture, possibly due to as adaptation of the tissue to these 

growth factors.
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Gibbarellie acid had a stimulatory effect on fresh 

isolates of teak hut later this effect was not observed. Of 

various gibberelllns tried, GA^ was inhibitory.

Growth of teak cultures was enhanced by adenine and 

uracil, while cytidylie acid inhibited it.

Sven at low levels abseisic acid, AMO l6l8 and GCC 

were Inhibitory. The abseisic acid inhibition was overcome 

by Qky
Growth of teak callus was better at 30°G than at 

lower temperatures.
The optimum agar concentration was 0.7$.

III. Quinones from teak callus

Three anthraquinonea were isolated and Identified from 

acetone extract of teak callus. One of the compounds was 1,2,5- 

trihydroxy,3-o©thylanthraquinone identified by chromatography with 

a synthetic compound.

The second compound, teak quinone Bj! was dlgitolutein 

(i-methoscy,2-hydroxy,3-methylanthraqulnone). This compound was 

also shown to be present in teak wood extract. This Is the first
, vtime that dlgitolutein has been shown to be pres&ji'-' in teak wood

and teak callus. *. '!
¥, \

\ ; \Teak quinone A, a new anthraquinone was Isolated and
r ' T

its structure was shown to be l-meth0xy»,2»5^ihydrosy»3**m©thyl“
1 . f,

h v■



I

anthraqulnone by using mass spectra, NKR,IR and UV. The structure 

was confirmed by synthesising its methyl ether fro® 3-methyl alizarin.

XV. Effect of different factors on pigmentation

Teak callus for the first few subcultures showed the presence 

of six coloured compounds on preparative layer chromatography. After 

prolonged subculture in in vitro, it showed the presence of two more 

compounds.

GAg increased the synthesis of teak qu5.»cne A. Autoclaved 

GAg gave more pigment than aseptically added hormone.
As GAg increased pigmentation, effect of GAj_, Gty,, GA^(

GAy, GA9, GA^g and GA4 + GAy was studied •

With GAjj. maximum synthesis of teak quinone A was observed.

The number of pigments produced was different with different glbberellins. 
Four types of chromatographic patterns were found with (a) GAj, GAy and 

GA|3* which gave similar pattern to that containing no glbberellins *
(b) GA^ and GA^| (c) GA^ + GA^feGA^f and1 (d) GA^. This may indicate 

that different glbberellins direct the metabolism of pigment synthesis 

in different ways.

Although galactose was a superior carbon source for growth 

it did not enhance pigmentation. Fructose was the best carbon source 

for pigmentation and it increased the concentration of teak quinon© A.

least extract was superior tc XNGg, or a combination
of both the substances for pigment production
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Coconut milk was better than kinetin and IM better than KM 

for piptent production.

Absdsie acid, AMO l6l8 and CCC Increased pigmentation. The 

concentration of abeclsle acid and GA^ had a marked effect on the 

formation of teak quinone A. ABA at 0,1 pp® gave maximum formation 

of teak quinone A. When GA^ at 1 ppm was added together with ABA 

at 0,1 ppm, the amount of teak quinone A was markedly reduced. However, 

GA^ combined with ABA at 0,01 ppm increased pigment concentration 

considerably compared to ABA (0.01 ppm) alone.

Light stimulated teak quinone A synthesis.

V. Biosynthesis of teak quinone A

To study the biogenesis of teak quinone A, 2-^C-acetate 

and 2-i^C-mevalonate were fed to actively growing teak callus.

From the percentage incorporation of 2-^C mevaionate 

and 2-^C acetate, it was concluded that probably ring 0 of teak 

quinone A was derived from mevaionate while C-10, 0-13 and C-l4 

were derived from acetate.
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