
CHAPTER IV

STUDIES ON POLYPHENOL SYNTHESIS IN TISSUE 

CULTURES OF DATURA , AND CASSIA



STUDIES ON POLYPHENOL SYNTHESIS IN TISSUE

CULTURES OF DATURA AND CASSIA

The ability of cultured plant tissues to produce 

secondary metabolites has been reported in a number of 
cases including Ammi visnaga (Haul and Staba, 1967),

Ruta graveolens (Reinhard et al., 1968) , Petroselium 

hortens (Halbrock and Wellman, 1970), Paul’s Scarlet 
ros e (Davie s , 197 2).

However, the polyphenol production in non-pigmented 
tissue cultures has received rather less attention. The 
experiments presented below report the quantitative changes 
that occur in the total polyphenol content of the batch 
cultured Datura me tel L. cell suspensions and also of the 

callus cultures derived from Cassia anthers.

The quantitative changes that occur in polyphenol 
content during the progress of growth in culture as 

influenced by carbohydrates, nitrates, auxin, kinetic 
and gibberellic acid (GAg) were examined.

Experiments were also designed to determine whether 
physical factors like nature of the medium (i.e. solid or 

liquid), inoculum size and presence or absence of light 

alter the polyphenol content in the tissues.



Furthermore, it is reported, that light affects 

the action of growth regulators, thus bringing about 

physiological and biochemical changes in plant tissues. 

The effects of light In presence of growth regulators 

on total phenol production was, therefore, also examined 

in tissue cultures of Datura.

Finally, the polyphenol production and its 

relation to induced morphogenetic changes are also 

examined.

Experiment 4-1 ; Effect of Different Sugars on Growth

and Polyphenol Production in Datura

Cell Suspensions

To find out a suitable carbohydrate source for

continuous and rapid growth as well as for enhanced

polyphenol production in Datura suspension cultures,

measured aliquots of Datura cell suspensions (300+20 mg

tissue by fresh weight) were inoculated separately into

150 ml capacity Erlenmeyer flasks containing 40 ml of:-

(i) MS medium with 2fe suerose - Medium A

(ii) " M w 2fe glueose - Medium B

(iii) " w '• 2fe fructose - Medium C

(iv) " *' ” 1% glucose +
1% fructose Medium D
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(v) MS medium with 2fe maltose - Medium E

(,vi) '* w '* 2fe starch - Medium F

The flasks were continuously agitated on a horizontal 

rotary shaker in light at a constant temperature of 26+2°G.

A fixed number of replicate flasks of each treatment was 

harvested after 20 days incubation for the' determination 

of fresh weight, dry weight and total phenol content of the 

tissues as described in Chapter II, Materials and Methods,

5A, 5B and 6A.

The growth response and the polyphenol accumulation 

in the cells as influenced by various sugars are presented 

in Table 7 and illustrated in Fig. 9. The results clearly 

showed that the starch was the poorest source of carbohydrate 

for the growth of the cells; while sucrose (Medium a) 

supported the maximum growth (about 28 fold increase in 

fresh weight and 19 fold increase in dry weight). Maximum 

amount of polyphenol accumulation was also registered in 

the cells grown on me.dium containing sucrose. Growth 

attained when glucose (Medium B) and fructose (Medium C) 

supplied separately was almost similar to that when equimolar 

mixture of glucose and fructose was added together in medium D 

(about 21 fold increase in fresh weight and 23 fold increase 

in dry weight). However, there was considerable increase in
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Table 7 : Effect of Different Sugars on Growth and Polyphenol 
Production in Datura Cell Suspensions*

Inoculum : 300+20 mg tissue by fresh weight in 40 ml of;-

A Modified MS medium supplemented with 2% sucrose
B It « » >i 2fo glucose
C tl « w » tt 2fo fructose
D It it t» n

-

w 1 fo glueose+ 
<1 fo fructose

E ft ii « it ft 2% maltose
F W « « t» If. 2% starch

Incubation: 20 days in light at 26+2°C.

Medium Fresh wt.
(mg)

Dry wt.
(mg)

Polyphenols
^/ug/culture)

A 8540 340 442
(36) (2.3) (3.l)

B 6306 ' 225 2i6
(42) (2.8) (2.8)

C 6540 232 196
(38) . (1.6) (2.4)

D 6768 236 302
(26) (0.8) (2.6)

E 5680 196 150
(22) (1.2) (1.8)

F 2480 86 92
(34) (0.6)

©

(1.3)
!

*Data represent average of six replicates.
Figures in the parenthesis represent standard error.



Fig. 9. Effect of different sugars on growth 
and polyphenol production in Datura 

cell suspensions.

Treatments: Supplements to modified MS
medium (Table 3, Chapter II).
2fo sucrose (a) , 2% glucose 
(B), 2% fructose (C), 1% 

glucose + 1 fo fructose (D),
2fe maltose (E), 2% starch (f).

Inoculum size: 300+20 mg tissue in 40 ml 

medium.

Experimental details as given in Table 7
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the production of total phenols in tissues groivn on 
medium D as compared to that in B and C media which 
contained glucose or fructose separately. Though 
better than starch, maltose did not prove to be an 
efficient carbohydrate source of energy for the rapid 
growth of the cells and also for the production of 
polyphenols.

Experiment 4—2 : Effect of Sucrose Concentration on
Total Phenol Production in Suspension 
Cultures of Datura

Modified Murashige and Skoog'a medium (Table 3,
Chapter 'll) was supplemented with 0.0, 1.0, 2.0 or 4,0% 
sucrose in addition to 2.0 mg/l 2,4-D and 0.4 mg/l kinetin 
to examine the effect of sucrose level on the production 
of polyphenols in Datura cell suspensions. Measured 
aliquots of regularly subcultured cell suspensions weighing 
approximately 300+20 mg tissue by fresh weight, were 
inoculated into Erlenmeyer flasks containing 40 ml medium. 
The flaks were incubated on a rotary shaker in light at 
a constant temperature of 26+2°C.



A fixed number of. replicate flasks was harvested - 

at intervals of five days upto 20 days, for the extraction 

and estimation of total phenols as described in Chapter II 

Materials and Methods, 6A.

The polyphenol accumulation at different sucrose 

levels, as shown in Fig. 10 and Table 8, clearly indicated 

that increase in sucrose content of the medium led to 

increase in polyphenol accumulation. The maximum rate of 

polyphenol accumulation was recorded at 4% sucrose level 

on day 15. Clearly, the results recorded in the present 

experiment showed that the total phenol production was 

dependent on the availability of carbohydrate. Further, 

the period of maximum polyphenol production preceded the 

phase of most rapid growth of the tissue.

The pattern of accumulation of phenolic compounds 

in relation to growth of the tissue at 2fo sucrose which 

was optimal for growth is shown in Fig. 11. During the 

lag phase of the growth cycle, which extended upto day 5, 

there was no appreciable change in the polyphenol content 

of the cells. However, during the pre-exponential phase 

which extended from 5 to 10 days, there was a very rapid 

and significant increase in total phenols. During the
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Fig. 10. Changes in polyphenol content of Datura 
cells grown in presence of sucrose at 
the following Concentrations: 0%; 1%;
2#; 0o.
Inoculum size: 300+20 mg tissue in 40 ml 

of modified MS medium 
Table 3, Chapter II).

Experimental details as given in Table 8.

Fig. 11. Progressive changes in polyphenol
content of Datura cells in relation

\ 11 111 ■ 1to growth (Fr. Wt.).

Inoculum size: 300+20 mg tissue in 
40 ml of modified MS 
medium (Table 3,
Chapter II) supplemented 

, with 2% sucrose, 2.0 mg/l
2,4-D and 0.4 mg/l kinetin.

Experimental details as given in Table 8





subsequent period (10 to 15 days) of most pronounced 
growth the polyphenol production declined.

Experiment 4-3 : Effect of 2,4-dichlorophenoxyacetic
Acid on the Production of Polyphenols 
in Datura Cell Suspensions

Measured aliquots of cell suspension weighing
approximately 300+20 mg tissue by fresh weight were
transferred to 40 ml modified MS medium (Table 3,
Chapter II) supplemented with 0, 10 6, 10 2x10 ® or

—55x10 M 2,4-D in presence of 2% sucrose and 0.4 mg/l 
kinetin, to determine the effect of auxin on polyphenol 
production. The culture vessels were incubated under 
conditions mentioned in previous experiments and a fixed 
number of replicates was harvested at 5 days interval 
upto 20th day for the measurement of fresh weights and 
for the estimation of total phenols.

The effeet of 2,4-B concentrations on polyphenol 
accumulation and on gfowth in Datura cells is shown in 
Fig. 12, 13 and Table 9. The results clearly showed that
with the increase in the concentration of auxin there

' /

was considerable delay , in the initiation of polyphenol 
synthesis; the synthesis being quite marked in absence 
of 2,4-D during the initial 5 days which constituted the
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Fig. 12. Changes in polyphenol content of Datura 
cells grown in presence of 2,4-D at the

Qfollowing concentrations: 0 M; 10
10_5M; 2x10-5M; 5x10~5M.

*

Inoculum size: 300+20 mg tissue in 40 ml 
of modified MS medium 
(Table 3, Chapter II).

Experimental details as given in Table

Fig. 13. Effect of 2,4-D concentrations on growth 
of Datura cell suspensions.

Inoculum size: 300+20 mg tissue in 40 ml 
of modified MS medium

—6supplemented with 0 , 10 ,
10-5, 2xl0~5 or 5x10~5M 
2 ,4-D.

Experimental details as given in Table 9
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lag phase of growth. However, the accumulation,,
VH--polyphenols was most pronounced during the perio&o-f 

5 to 10 days - i.e. the pre-exponential phase of growtl 

at all the concentrations of 2 ,4-D tested. At the time 

when growth of the cells was most rapid between 10 and 

15 days, there was no further pronounced increase in 

their polyphenol content. Further, the results also 

showed that with the increase in the concentration of 

2,4-D, there was decrease in the rate of polyphenol 

production per unit fresh weight. The maximum synthesis 

of polyphenols was recorded at 10 M 2,4-D concentration 

which also supported the maximum growth of the cells 

(Experiment 3-1, Chapter III).

Experiment 4-4 ; Effect of Kinetin on the Synthesis

of Polyphenols in Datura Cell 

Suspension Cultures

Measured aliquot of cell suspensions weighing

approximately 300+20 mg tissue by fresh weight, were

transferred to Erlenmeyer flasks containing 40 ml of

the defined medium (Table 3, Chapter II) supplemented 

—6 —6 —5 —5with 0, 10 , 2x10 , 10 -or 2x10 M kinetin in presence 

of 2% sucrose and 2.0 mg/l 2,4-D. The culture flasks 

were incubated under conditions as mentioned earlier and
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replicate' number of flasks was harvested at the interval 
of five days upto 20 days for determining fresh weights 
and for the estimation of total phenols.

The results obtained are presented in Table 10 and 
illustrated in Fig. 14 and 15. Unlike auxin, kinetin at 
highest concentration tested enhanced polyphenol production 
during the initial 5 days (Fig. 14). Further, in presence 
of optimal concentration (2.0 mg/l) of 2,4-D, the higher 
concentrations of kinetin did not supress the polyphenol 
production; whereas, as noted in previous Experiment (4-2), 
in presence of optimal concentration of kinetin supra- 
optimal levels of 2,4-D supressed polyphenol production.

As shown in Fig. 14 and 15 and Table 10, the maximum
production of polyphenols was restricted to pre-exponential
phase (5 to 10 days period) .in all the concentrations
tested. During the subsequent period of most rapid growth
(10 to 15 days) the polyphenol accumulation continued;
it being most pronounced in absence of kinetin. In stationary
phase of growth there was registered further increase in
polyphenol content in tissues cultured in supra-optimal
level. The maximum synthesis of polyphenols, as recorded

~Gon day 15, was achieved at 2x10 M kinetin concentration 
which also supported the maximum growth of cells in culture 
(Experiment 3-1, Chapter III).
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Pig. 14. Changes in polyphenol content of Datura
cells grown in presence of kinetin at the 
following concentrations: 0 M; 10 
2x10-6M; 10“5M; 2xiO~5M.

Inoculum size: 300+20 mg tissue in 40 ml 

of modified MS medium.

Experimental details as given in Table 10.

Fig. 15. Effect of kinetin on growth of Datura 

cell suspensions.

Inoculum size; 300+20 mg tissue in 40 ml 

of modified MS medium
““ 6supplemented with 0, 10 ,

2x10 6, 10 ° or 2x10. 5M 

kinetin.

Experimental details as given in Table 10
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Experiment 4-5 : Effect of Different Sources of Nitrogen
on Growth and Polyphenol Synthesis in 
Suspension Cultures of Datura

To determine the ability of cell suspensions of Datura 
metel L. in utilizing different sources of nitrogen for the 
growth of the cells and for total polyphenol production, 
measured aliquots of cell suspension weighing approximately 
300+30 mg tissue by fresh weight were separately inoculated 
into the Erlenmeyer flasks containing 40 ml of modified 
Murashige and Slcoog’s medium (Table 3., Chapter II) supple­
mented with the following sources of nitrogen:

(i) MS medium with standard nitrate supply - Medium A
(ii) I! w without nitrate - Medium B

(iii) Tt » with potassium nitrate - Medium C
(iv) ft n wi th Ammonium nitrate - Medium D
(v) tt n with 2 x Ammonium nitrate - Medium E

(vi) ft ti with 500 mg/l casein hydrolysate - Medium F
(vii ) tf ii wi th 1.0 g/l casein hydrolysate - Medium G

Polyphenol content and growth responses of cell 
suspensions, incubated for 30 days in light at 26+2°C to 
various sources of nitrogen are presented in Table 11 and 
Fig. 16.
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Table 11 : Effect of Nitrogen Source on Growth and

Polyphenol Synthesis in Suspension Cultures 
of Datura*
Inoculum : 300+30 mg tissue by fresh weight in

40 ml of
A Modified MS medium with standard 

nitrate supply
B Modified MS medium without nitrates
C Modified MS medium with potassium 

nitrate
D Modified MS medium with Ammonium 

nitrate
E Modified MS medium with 2X Ammonium 

nitrate
F Modified MS medium with 500 mg/l 

casein hydrolysate
G Modified MS medium with 1.0 g/l 

casein hydrolysate
Incubation: 30 days at 26+2°C in light,

Medium Fresh wt.(mg) Dry wt.(mg) Polyphenols ^ug/culture)

A 8460 352 460(52) (2.0) (2.2)
B 2561 154 140(25) (2.6) (1.8)
C 5021 218 200(68) (3.4) (2.3)
D 6271 182 250(42) (1.8) (2.0)
E 6856 341 175(72) (3.8) (1.4)
F §700 285 425(48) (2.6) (4.1)
G 6219 231 445(38) (1.8) (3.8)

*Bata represent average of six replicates.
Figures in the parenthesis represent standard error.



Fig. 16. Effect of different sources of nitrogen 
on growth and polyphenol synthesis in 
Datura cell suspensions.

Inoculum size: 300+30 mg tissue in 40 ml 
modified MS medium supple­
mented with NILN0o and4r O

KN03 (A), without nitrates 
(B), KN03 alone (C), NH^NOg 
alone (D), 2 x NH^NO^ (E) , 
500 mg/l casein hydrolysate 
(F), 1.0 g/l casein hydro­
lysate (G).

Experimental details as given in Table 11
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The cells cultured on the medium containing both 

ammonium nitrate and potassium nitrate as nitrogen sources 

(Medium A) showed maximum accumulation of polyphenols per

determined by fresh weights (28 fold increase) and dry

weights (l9 fold increase). Double the level of ammonium

nitrate (Medium E) proved to be superior to potassium

nitrate alone (Medium C) and also casein hydrolysate
lr&-

(Medium F and G) as sole nitrogen source ©ingrowth. However, 

there was marked reduction in polyphenol accumulation

the individual nitrates tested in single dose,, ammonium 

nitrate proved to be considerably superior than potassium 

nitrate for polyphenol production. Addition of casein 

hydrolysate as organic source of nitrogen also enhanced 

the polyphenol accumulation at both the concentrations 

tested. However, the results indicated that a balanced 

supply of inorganic nitrogen containing potassium and 

ammonium nitrates resulted in enhanced accumulation of 

total phenols in Datura cell suspensions.

culture and also maximum growth as

at 2 fold ammonium nitrate level. Of



Experiment 4-6 : Effect of L-Phenylalanine on Growth

and Polyphenol Synthesis in Datura Cell 

Suspensions

To examine the ability of Patura cell suspensions in 

utilizing different concentrations of L-phenylalanine 

for the synthesis of total polyphenols, measured aliquots 

of cell suspension weighing 300+20 mg tissue by fresh 

weight were inoculated into Erlenraeyer flasks containing 

40 ml of standard culture medium (Table 3, Chapter II) , 

supplemented with 0, 10 5, 5x10 5, 10 4, 5x10 4M L-Phenyl- 

alanine in addition to 2fe sucrose, 2.0'mg/i 2,4-D and 

0,4 mg/l kinetin.

The culture flasks were incubated for 30 days as 

described earlier and a suitable number of replicates 

was harvested for the determination of fresh and dry 

weights and for the estimation of total phenols.

The results presented in Table 12 and Pig. 17 

clearly indicated that the tissues grown in standard 

medium (control) had higher polyphenol content than those 

grown in presence of low doses of L-phenylalanine. The 

highest concentration of L-phenylalanine tested was 

found to supress growth of the cells, but promoted poly­

phenol production. The low concentrations of L-phenyl- 

alanine on the other hand, had stimulator effect on
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Table 12 : Effect of L-Phenylalanine on Growth and
Polyphenol Synthesis in Datura Cell Suspensions*
Inoculum : 300+20 mg tissue by fresh weight in

40 ml of modified MS medium (Table 3,
-5Chapter II) supplemented with 0, 10 ,

5x10 ^, 10 ^ or 5x10 L-phenylalanine 
in addition to 2fo sucrose, 2,0 mg/l 
2,4-D and 0.4 mg/l kinetin.

Incubation: 30 days in light at 26+2°C-

L-Phenylalanine (M) Fresh wt. (mg) Dry wt. (mg) Polyphenols ^ug/culture)

0 8602 356 465
' (48) (2.6) (2.8)

io-5 12042 379 362
(74) (6.6) (3.1)

5 x 10”5 6399 326 376
(68) (4.4) (1.8)

io 5066 253 385
(84) (8.3) (2.2)

-45 x 10 3258 98 597
(36) (1.2) (4.4)

*Data represent average of six replicates.
Figures in the parenthesis represent standard error.



Fig. 17. Effect of L-Phenylalanine on growth 
and polyphenol synthesis in Datura 
cell suspension cultures.

Inoculum size; 300+20 mg tissue in 40 ml 
of modified MS medium

—S'supplemented with 0, 10 ,
5xlO“5, 10~4 or 5xl0_4M 

L-phenyl alanine.

Experimental details as given in Table 12





growth of the tissues without influencing significantly 
polyphenol synthesis.

Experiment 4-7 : Effect of L-Tyrosine on Growth and
Total Phenol Production in Datura
Cell Suspensions

The experiment described below was performed to 
examine the effect of different concentrations of 
L-tyrosine on growth and on the production of polyphenols 
in Datura cell suspension cultures.

The defined culture medium (Table 3, Chapter II)
-5 -5 -4 -4was supplemented with 0, 10 , 5x10 , 10 or 5x10 M

L-tyrosine in addition to 2% sucrose, 2.0 mg/l 2,4-D and 
0.4 mg/l kinetin. Cell suspensions weighing 300+20 rag 
tissue by fresh weight were inoculated to each flask 
containing 40 ml of medium. The culture flasks \yere 
incubated under uniform conditions of light and temperature 
and a replicate number of flasks was harvested after 30 day 
for estimating the total phenols accumulated and for 
determining growth of the tissue.

The data^ presented in Table 13 and illustrated in 
Fig. 18 clearly showed that the addition of L-tyrosine 
did not enhance the production of polyphenols when compared
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Table 13 : Effect of L-Tyrosine on Growth and Total Phenol 
Production in Datura Cell Suspensions*
Inoculum : 300+20 mg tissue by fresh weight 

in 40 ml of modified MS medium 
(Table 3, Chapter II) supplemented
with 0, 10 5, 5x10 5, 10 4 or

-45x10 M L-tyrosine in addition to 
2% sucrose, 2.0 mg/l 2,4-D and 
0.4 mg/l kinetin.

Incubation: 30 days in light at 26+2°C.

L-Tyrosine(M) Fresh wt. (mg) Dry wt.(mg) Polyphenol s ^ug/c ulture)

0 8682 352 465
(48) (8.6)

io_0 10996 337 275
(78) (6.2)

5x1O-5 10090 307 385
(56) (6.0)

io■H 9879 325 395
(42) (8.8)

5x10 4 2142 65 422
(18). ( 2.2 )

*Data represent average of six replicates.
Figures in the parenthesis represent standard error.



Fig. 18. Effect of L-Tyrosine on growth and 
polyphenol synthesis in Datura cell 
suspensions.

Inoculum size: 300+20 mg tissue in 40 ml 
of modified MS medium

_5supplemented with 0, 10 ,
5xl0~°, 10~4 or 5xl0~4M 
L-tyrosine.

Experimental details as given in Table 13
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to the control. In presence of low concentrations ol 
tyrosine, there was some increase in fresh weight but 
the dry weight of the tissue decreased slightly. At 
the highest level of tyrosine tested, there was pronounced 
inhibition of growth without any significant effect on 
polyphenol production.

Experiment 4-8 : A Comparative Study on Growth and
Production of Polyphenols in Datura 
Cells Grown on Solid and in Liquid 
Media

In order to compare the growth and total phenol 
production in tissues grown on solid or in liquid media, 
approximately 300+10 mg tissue by fresh weight was 
inoculated into Erlenmeyer flasks containing 40 ml of 
standard culture medium (Table 3, Chapter II). The solid 
medium was obtained by adding 0.9% agar. The volume of

l

the medium and the size of the inoculum were kept constant 
in both the experiments.

The culture flasks containing liquid medium were 
agitated on a horizontal rotary shaker in light at 
constant temperature of 26+2°C. The flasks containing 
solid medium were also incubated in identical conditions 
of light and temperature.
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Suitable number of replicates was harvested at 
5 days interval upto 20 days for determining fresh and 
dry weights and for the estimation of total phenols.

The results presented in Table 14 and Fig. 19 and 20 
showed that there was a general increase in total fresh 
and dry weights and total polyphenols with time in both 
the media tested. A prolonged lag was observed in fresh 
weight increase of the tissue in both the types of media; 
while the dry weights registered rapid raise from day'5 
onwards in both the cases. Further, more pronounced increase 
in fresh and dry weights between day 10 and 15 was observed 
in cells grown in liquid medium than that registered by 
cells on solid medium extended even after 15 days; whereas 
the cells grown in liquid medium had almost attained stationary 
phase by then.

When the results on the production of total polyphenols 
were examined, polyphenol content was more in tissues grown 
in liquid medium (460^ug/culture) than in the case of the 
callus grown on solid medium (302^ug/culture). Total phenol 
production during lag phase of growth was negligible in 
tissues grown on both the solid and liquid media. Like dry 
weights, total phenol content rose rapidly after 5 days.
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Pig. 19. Comparative study on growth oi Datura
cells grown on solid and in liquid media.

Inoculum size: 300+10 mg tissue in 40 ml 
of modified MS medium 
(Table 3, Chapter II).

Experimental details as given in Table 14

Fig. 20. Comparative study on the changes in

polyphenol content of Datura cells grown 
on solid or in liquid media.

Inoculum size: 300+10 mg tissue in 40 ml 
of modified MS medium 
(Table 3, Chapter II).

Experimental details as given in Table 14





In the case of tissues grown in liquid medium the raise 
was rather steep upto day 10 after which it slowed down.
On the other hand, in tissues incubated on agar medium, 
there was a steady raise in polyphenol production upto day 
15, before declining.

Experiment 4-9 ; Effect of Inoculum Size on Growth and
Polyphenol Production in Callus Cultures 
of Datura

Callus pieces of Datura each weighing 100 mg, 400 mg 
or 800 mg were separately inoculated in Erlenmeyer flasks 
containing 30 ml of culture medium (Table 3, Chapter II) 
solidified with 0.9$ agar. The culture flasks were incubated 
in light at a constant temperature of 26+2°C. Suitable 
number of replicates was harvested at_5 days interval upto 
20 days, for determining fresh weights and for the estimation 
of total phenols.

The results presented in Table 15 and Fig. 21 and 22 
showed that there was a general increase in total fresh 
weight and jsblyphenol content with time in all the treatments. 
Pronounced lag phase, as measured by fresh weight, was 
observed when the inoculum size was low (100 mg). The lag 
appeared to be of least magnitude in the culture flasks
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Fig. 21. Effect of inoculum size on growth of 

Datura callus cultures.

Inoculum size: 100 mg, 400 mg or 800 mg
tissue by fresh weight in 30 ml 
of modified MS medium (Table 3, 
Chapter II).

Experimental details as given in Table 15.

I

Fig. 22. Effect of inoculum size on polyphenol

accumulation in Datura callus cultures.

Inoculum size: 100 mg, 400 mg or 800 mg 

tissue by fresh weight in 
30 ml of modified MS medium.

Experimental details as given in Table 15.
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containing 400 mg inoculum; at the inoculum size of 
800 mg there was no corresponding reduction in lag.
Further, the total growth attained was highest (30 fold 
increase in fresh weight) in cultures having low inoculum 
(100 mg) and least (8.5 fold increase in fresh weight) 
in cultures inoculated with high inoeuium (800 mg). 
Furthermore, the fresh weights continued to increase in 
flasks containing low inoeuium even after 20 days 
incubation, while growth in higher inoculum size attained 
more or less stationary phase on day 20.

Polyphenol production also increased with decrease 
in inoculum size; the highest increase (12 fold) being 
registered when inoculum size was small (lOO mg). The 
maximum polyphenol production was recorded in pre-exponential 
phase of growth in all the inoculum sizes tested.

Experiment 4-iO : Effect of Light and Dark on Growth and
Production of Total Phenols in Datura 
Callus Cultures Grown on Two Auxin 
Concentrations

Weighed amount of callus pieces (100+10 mg by fresh 
weight) were inoculated into 150 ml capacity culture flasks 
containing 30 ml of modified MS medium (Table 3, Chapter II)



—5 -5supplemented with 10 or 5x10 M 2,4-0 in addition to 

0.4 mg/l kinetin. The medium was solidified with 0.9% 

agar.

The flasks were incubated in an environmental chamber 

under controlled conditions where high intensity illumina­

tion (5^000 Lux) was given from cool white floureseent 

lamps. An another set of replicates was incubated in 

complete darkness. In both the cases the temperature and 

relative humidity were maintained at 25+0.5°C and 68% 

respectively.

A fixed number of replicate flasks was harvested 

at 5 days interval upto 20 days for the measurement of 

fresh and dry weights and for the estimation of total 

phenols accumulated in the tissues.

The results showing the effect of light and darkness 

on tlie growth and polyphenol accumulation are presented 

in Table 16 and illustrated in Fig. 23 and 24. In general 

the cultures exposed to light showed more polyphenol

synthesis as compared to the cultures grown in darkness.
— 5Further, of the two auxin levels tested, 5x10 M 2,4-D 

concentration was found to be inhibitory for polyphenol 

production in dark grown cultures. The stimulatory effect 

of light on polyphenol production was more pronounced and
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Fig. 23. Effect of light (5000 Lux) aud dark on

growth of Datura callus cultures grown on 
two auxin concentrations.

Inoculum size: iQO+,10 mg tissue in 30 ml of
modified MS medium supplemented 
with 10 ^ or 5x10 5M 2,4-D.'

Experimental details as given in Table 16.

Fig. 24. Effect of light (5000 Lux) and dark on 

polyphenol production in Datura callus 
cultures grown on two auxin concentrations.

Inoculum size: 100+10 mg tissue in 30 ml 
of modified MS medium

— 5supplemented with 10 or 
5xlO_5M 2,4-D.

Experimental details as given in Table 16.
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—5marked at 5x10 M 2 ,4-D thaw at lower auxin level. This 
showed that there is an interaction between light and 
auxin effects in that illumination reversed the inhibitory 
effects of high auxin levels on polyphenol production.

The results also revealed that high light intensity 
inhibited the growth of the tissue at both the auxin 
concentrations tested, the growth inhibition being more

*~5pronounced at high auxin (5x10 M) level present in the 
medium.

Experiment 4-11 : Effect of Gibberellic Acid on Growth
and Polyphenol Production in Callus 
Cultures of Datura in Presence and in . 

Ahsence of Light

Callus pieces weighing approximately 100+10 mg by
fresh weight were inoculated into Erlenmeyer flasks
containing 30 ml of defined agar medium (Table 3, Chapter II)

*"“0supplemented with 10 or 3x10 M gibberellic acid (GAg) 
in addition to 2.0 mg/l 2,4-D and 0.4 mg/l kinetin.

The flasks were incubated in an environmental chamber 
having high light intensity (5000 Lux) provided by cool 
white flourescent lamps. Another set of flasks was kept 
in complete darkness under identical conditions of relative 
humidity (68fe) and temperature (25+0 .5°C).
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A fixed number of replicate flasks was harvested 
at 5 days interval upto 20 days for the measurement of 
growth and for the determination of total phenol content 
in the tissues.

The results showing the effect of light and complete 
darkness, in presence and in absence of GAg are presented 
in Table 17 and illustrated in Fig. 25 and 26. In general 
the growth values of the cultures exposed to light was very 
much low both in absence and in presence of high eoneentra-

— Ations of GAg (3x10 M). However, the growth of the tissues 
subjected to 10 M GAg concentration and exposed to light 
was considerably higher than in the control, suggesting the 
reversal of inhibitory effect of high intensity light on 
growth by low concentration of GAg.

Light had promotory effect on polyphenol synthesis 
even in absence of GAg. Further, GAg at low concentration 
(10 ^M) enhanced the total phenol production both in 

presence and in absence of light over control. However,
— Ahigher concentrations of GAg (3x10 M) inhibited the 

accumulation of total polyphenol content both in presence 
and in absence of light, at all stages of the growth cycle.



Pig.25. Effect of gibberellic acid (GAg) on growth 
of Datura callus cultures grown in presence 
and in absence of light.

Inoculum size: 100+10 mg tissue in 30 ml of
modified MS medium supplemented 

-6 —6with 10 or 3x10 M gibberellic 
acid.

Experimental details as given in Table 17.

Fig. 26. Effect of gibberellic acid (GAg) on polyphenol 
production in Datura callus cultures grown in 
presence and in absence of light.

Inoculum size: 100+10 mg tissue in 30 ml of
- modified MS medium supplemented 

with 10 6 or 3x10 GAg.

Experimental details as given in Table 17.
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Experiment 4-12 : Morphogenesis and Polyphenol Synthesis
in Callus Cultures oi Cassia Grown on

Defined Medium

The aim of the experiment described here was to induce 
morphogenesis and to find out correlation between the total 
polyphenol content and organogenic difference in the tissue 
cultures of Cassia.

The modified MS medium (Table 3, Chapter II) was 
supplemented with IAA (0, 0.05, 0.1 or 1.0 mg/l) or kinetin 
(0, 0,5 or 1.0 mg/l) and in combination as shown in the 
chart below;

Kinetin (mg/l)

0.0 0.5 1.0

0.0
IAA (mg/l) 0.05 *

0.1 *

1.0

Weighed amount (100+10 mg) of* callus pieces were 
inoculated into 150 ml capacity Erlenmeyer flasks containing 
30 ml of medium. The culture flasks were incubated in light 
at a constant temperature of 26+2°C.
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On periodical examination, initiation of root 

primordia was observed in the callus pieces grown on 

0.05 and 0.1 mg/l auxin alone (marked with * in -die chart) 

for 15 to 20 days (Fig. 27 and 28). A fixed number of 

flasks of all the treatments, was harvested after incuba­

tion for 30 days for the determination of fresh and dry 

weights and for the estimation of polyphenol content in 

cultured tissues.

The results presented in Table 18 and Fig. 27 & 28 

showed that in those callus pieces where there is differen­

tiation of root primordia the polyphenol content was 

comparatively low. This seemed to indicate an inverse 

relationship between morphogenesis and polyphenol production.

Further, the results revealed that in absence of 

kinetin, IAA alone had no effect on the production of 

polyphenols. On the other hand, in absence of auxin there 

was marked increase in total polyphenol content in tissues 

grown on kinetin containing medium. iuixin and kinetin 

together, however, had a promotorv influence on polyphenol 

production as compared to no-auxin-no-ltinetin control.

The data presented in Tables 19 and 20 revealed that 

growth enhanced in presence of auxin or kinetin and also 

when both were supplied together. Growth increase was,



Table 18 : Effect of Auxin alone and in Combination 
with Kinetin on Polyphenol Production in 
Callus Cultures of Cassia*
Inoculum : 300+20 mg by fresh weight of tissue 

in 30 ml of modified MS medium 
(Table 3, Chapter II) supplemented 
with 0.0, 0.05, 0.1 or 1.0 mg/l IAA 
and 0.0, 0.5 or 2.0 mg/l kinetin.

Incubation: 30 days at 26+2°C in light

Kinetin (mg/l)
0.0 0.5 2.0

0.0 883 3435 6320
(0.8) (2.6) (3.0)

0.05 1693 3236 4314
IAA(mg/l)

(1.4) (1.2) (1.6)

0.1 1815 3244 6787
(1.3) (2.0) (2.8)

1.0 1504 3804 5986
(1.2) (2.2) (2.4)

*Data represent average ^ug/culture) of six replicates.
Figures in the parenthesis represent standard error.



Fig. 27. Initiation of root primordia from Cassia 

anther callus grown on modified MS medium 
(Table 3, Chapter II) supplemented with 
0,05 mg/l IAA and 2% sucrose.

Incubation : 30 days in light at 26+2°C.

Fig. 28. Initiation of root primordia from Cassia 

anther callus grown on modified MS medium 
(Table 3, Chapter II) supplemented with 
0.1 mg/l IAA and 2% sucrose.

l

Incubation: 30 days in light at 26+2°C.





75

Table 19 : Effect of Auxin alone and in Combination 
with Kinetin on Growth (Fresh weight) of 
Cassia Callus Cultures*
Inoculum : 300+20 mg of tissue by fresh 

weight in 30 ml of modified 
MS medium (Table 3, Chapter II) 
supplemented with 0.0, 0.05,
0.1 or 1.0 mg/l IAA and 0.0,
0.5 or 2.0 mg/l Kinetin.

Incubation: 30 days at 26+2°C in light.

Kinetin (mg/l)
0.0 0.5 2.0

0.0 879 2051 2866
(8.2) (18 .2) (8.6)

0.05 1993 2530 4209
IAA(mg/l)

(12.5) (20o5) (22.2)

0.1 1806 2093 3878
(10.2) (16.4) (15.6)

1.0 1583 3459 4518
(6.8) (12.3) (26.8)

*Data represent average (Fr.wt. mg/culture) of six
replicates.
Figures in the parenthesis represent standard error.



Table 20 : Effect of Auxin alone and in Combination 
with Kinetin on Growth (Dry weight) of 
Cassia Callus Cultures*
Inoculum ; 300+20 mg (Dry weight; 18 mg) 

of tissue in 30 ml of modified 
MS medium (Table 3, Chapter II) 
supplemented with 0.0, 0.05,
0.1 or 1.0 mg/l IAA and 0.0,
0.5 or 2.0 mg/l Kinetin.

Incubation: 30 days at 26+2°C in light.

Kinetin (mg/l)

0.0 0.5 2.0

0.0 61 129 133
(1.24) (2.42) (1.62)

0.05 85 102 267
IAA ( mg/l)

(2.18) (1.86) (2.72)

0.1 90 182 206
(1.68) (3.21) (3.86)

1.0 98 174 251
(3.26) (2.52) (3.41)

*Data represent average (Dry wt. mg/culture) of six
repiicates.
Figures in the parenthesis represent standard error.



however, more pronounced in presence ol kinetin alone 
than in presence of auxin alone. Synergestie effect on 
growth as measured by increase in fresh and dry weights 
was observed at high levels of auxin and kinetin tested.

DISCUSSION

It was clear from the experiment 4-i that of the 
different sugars tested as energy source for growth and 
polyphenol production sucrose was the most efficient. 
Glucose and fructose when supplemented separately and 
together in equimolar mixture, supported nearly equal 
amount of growth; which, however, was poor as compared 
to the growth supported by sucrose. Further, equimolar 
mixture of glucose and fructose enhanced the production 
of polyphenols in the tissues thus proving next best to 
sucrose as carbohydrate source, The growth rate and 
total polyphenol production observed in the cells grown 
on medium containing maltose was not very significant and 
soluble starch was found to be the poorest source of 
energy. Thus superiority of sucrose for the production 
of total polyphenols and for supporting maximum growth in 
Datura cell suspensions was realised from Experiment 4-1.

After the superiority of sucrose as the best 
carbohydrate source for maximum growth and for higher



production of polyphenols was established, its effects 
at different concentrations were investigated (Experiment 

4-2). Wien Datura cells grown under the influence of 

different concentrations of sucrose were analysed for 

polyphenol content, maximum accumulation was registered 
in cells grown on medium containing 4% sucrose. The results 

presented in Table T clearly suggested that the increased 

polyphenol production depended on the availability of 

sucrose as carbohydrate source during the growth cycle.

The polyphenol content increased significantly during the 

pre-exponential phase of the growth cycle and the maximum 

accumulation of polyphenols was observed on day 15 after 

which it slowed down.

The effect of 2,4-D concentrations in presence of
—.0optimal level of kinetin (2x10 M) on growth and polyphenol

accumulation in Datura callus cultures as shown
in Fig, 12 and 13 (Experiment 4-3), suggested that the

increasing auxin level delayed the initiation of
polyphenol synthesis. At all concentrations tested, the

polyphenol production was found to be virtually restricted

to pre-exponential growth period. Accumulation of total
phenols had apparently terminated at approximately same

stage at all auxin concentrations and it was also observed
“5that very high concentration (5x10 M) significantly reduced
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the total phenol content. Furthermore, since the growth 

rate was markedly affected at different 2,4-D levels, it 

had also affected the polyphenol synthesis. In absence 

of 2,4-D the initial delay in polyphenol synthesis was 

not noticed.

In the following experiment (Experiment 4-4), 

kinetin was found to have no delaying influence on the 

initiation of polyphenol synthesis, except in its absence 

and at its low doses. The latter was perhaps, due to 

the presence of optimal level of 2,4-D in the medium, 

which had delayed the initiation of polyphenol synthesis 

as observed earlier (Experiment 4-3), The accumulation of 

total polyphenols was observed mainly in the pre-exponential 

phase, and like 2,4-D, the kinetin level optimal for growth 

also promoted maximum polyphenol production. Further, 

kinetin at different levels, had less pronounced influence 

on the accumulation of polyphenols in Datura cells in presence 

of optimal level of 2,4-D as compared to that of 2,4-D levels 

in presence of kinetin (Experiment 4-3).

Examination of suitable nitrogen source for polyphenol 

production and growth revealed that a balanced supply of 

potassium and ammonium nitrates was more effective than 

other organic and inorganic nitrogen source tested individually 

(Experiment 4-5).



L-phenylalanine and L-tyrosine, the aromatic 
amino acids formed in the shikimie acid pathway are 
known to function as precursors in the biosynthesis of 
phenylpropanoid compounds. These amino acids at different 
levels were, therefore, supplemented individually to the 
synthetic medium to examine their influence on polyphenol 
production in Datura cell suspensions. It was observed 
that L-phenylalanine at 10 M concentration considerably 
enhanced growth over control; while at higher doses the 
growth was supressed. At the highest concentration of 
phenylalanine, though growth was sharply reduced, the 
polyphenol synthesis was stimulated (Experiment 4-6). 
L-tyrosine, on the other hand, had no effect on polyphenol 
production; but it promoted growth by fresh weight at all 
concentrations tested except at the highest where there 
was marked retardation of growth (Experiment 4-7).

Comparison of the total polyphenol content in 
Datura cultures grown either on solid or in liquid medium 
revealed that maximum growth values (28 fold increase 
in fresh weight and 20 fold increase in dry weight) and 
higher amount of polyphenol accumulation were registered 
in liquid cultures (Experiment 4-8). This was perhaps
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mainly because of the easy accessibility of the nutrients 

to all the free e.ells and possible increased aeration 

due to constant agitation of the liquid medium during 

culture period. Furthermore, like dry weights, the total 

phenol content also rose rapidly after an initial lag of 

5 days, the raise being more steep in liquid cultures than 

in solid cultures.

The results presented in Experiment 4-9/clearly 

revealed that the growth and polyphenol production in 

Datura callus cultures were markedly influenced by the 

size of the inoculum. There was observed marked lag phase 

in the growth cycle when inoculum size was low (100+10 mg). 

The highest growth value (30 fold increase in fresh weight) 

was also registered in cultures containing low inoculum 

size and with the increase in inoculum size there was a 

corresponding decline in growth values (15 and 8 fold 

increase in fresh weight at 400 mg and 800 mg inoculum 

sizes respectively). A similar trend in polyphenol accumu­

lation was also observed during the course of culture for 

30 days at different inoculum loads. This seemed to imply 

the depletion of essential nutrients (or metabolites) for 

growth as well as polyphenol production.
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The results obtained on the interaction of auxin 
and light of high intensity clearly showed that light 
stimulated polyphenol synthesis; further the stimulatory 
effect of light was much more marked at higher (5x10 M) 
2,4-D level. The growth of the tissue, however, was 
inhibited by the high light intensity at both the auxin 
levels tested (Experiment 4-10).

On the other hand, in presence of light, GAg at
*—610 M concentrationj promoted growth as well as total

6phenol production. Higher concentrations of GAg (3x10 °M) 

were, however, found to be inhibitory on the growth of 
the tissue and also on polyphenol synthesis both in light 
and in dark (Experiment 4-11). This indicated that an 
optimal level of GAg further enhanced the stimulatory effect 
of light on polyphenol synthesis and also reversed the 
inhibitory effect of light on growth.

Studies on auxin/kinetin interaction in Cassia 
callus cultures (Experiment 4-12) suggested that a negative 
correlation exhisted between morphogenesis and polyphenol 
production. In those cultures where the initiation of root 
was observed (i.e. at 0.05 and 0.1 mg/l IAA alone) the 
polyphenol production was comparatively low. Further, 
in absence of kinetin, IAA alone had no significant effeetf.
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on the polyphenol production. However, in absence of 

IAA, kinetin at 0.5 and 2«0 mg/l levels stimulated the 

total polyphenol accumulation in Cassia callus cultures. 

Both IAA and kinetin, singly and in combination, promoted 

growth. At higher concentrations of both together, syner- 

gestic effect on growth was observed.


