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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 (Kaul and Staba, 1967),

~

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

hortens (Halbrock and Wellman, 1970), Paul's Scarlet

rose (Davies, 1972).

However, the éolyphenol 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
cul tured Datura metel L. cell suspensions and also of the

callus cul tures 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, kinetin

and gibberellic acid (GAg) were examined.

Experiments were also desighed to determine whether
physical factors like nature of the medium (i.e. solid or
liquid), inoculum size and presence or absence of light

al ter 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 2% suerose -  Medium A
(i1) » v " 2% glucose -  Medium B
(iii) '® *» v 2% fructose - ' Medium C
(iv) n " 1% glucose +

1% fructose -  Medium D

413
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(v) MS medium with 2% maltose ~ Medium B

(vi) » » " 2% starch - Medium F

The flasks were continuously agitated on a horizontal
rotary shaker in light at a constant temperature of 26+2°C.
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 illusﬁratéd in Figi 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 ih
fresh weight and 19 fold increase in dry weight)., Maximum
amount of polyphenol accumulation was also registered in
the cells grown on medium containing sucrose. Growth
attained when glucose (Medium B) and fructose (Medium C)
supplied separateiy was almost similar to that when equimolar
mixture of glucose and fructose was added together in medium D
(ébout 21 fold increase in fresh weight and 23 fold increase

in dry weight). However, there was comnsiderable increase in
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Table 7 : Effect of Different Sugars on Growth and Polyphenol

Production in Datura Cell Suspensions*

Inoculum : 300420 mg tissue by fresh weight in 40 ml of:-

A Modified MS medium supplemented with 2% sucrose

B " " u " " 2% glucose
¢ " 1] " i " 2% fructose
D " n o 1 " 1% glucose+
- 1% fructose
E L] " L] " " 2% mal tose
F " " " n " 2% starch
Incubation: 20 days in light at 26+2°C.
Medium Fresh wt. Dry wt. Polypﬁenols
(mg) (mg) 9ug/cu1ture)
A 8540 340 442
(36) (2.3) (3.1)
B 6306 2256 216
(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)

i

*Data represent average of six replicates.

Figures in the parenthesis represent stand%rd

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).
2% sucrose (A), 2% glucose
(B), 2% fructese (C), 1%
glucose + 1% fructose (D),
- 2% maltose (8), 2% starch (F).

Inoculum size: 300420 mg tissue in 40 ml

medium,

Experimental details as given in Table 7.
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the production of total phenols in tissuéé grown on
medium D as compared to that in B and C media wpich
contained glucose or fructose separately. Though
better than starch, mal tose 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 ih Suspension

Cul tures of Datura

Modified Murashige and Skoog's medium (Table 3,
Chapter 'II) was supplemented with 0.0, 1.0, 2.0 or 4.0% ‘
sucrose in addition to 2.0 mg/1 2,4-D and 0.4 mg/1 kinetin
to examine the effect of sucrose level on the production
of polyphenols in Datura cell suspensions, Measured
aliquots of fegularly subcul tured cell suspensions weighing
approximately 30@120 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.
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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 accuﬁulation was recorded at 4% sucrose level
on day 15. Clearly, the results recorﬂe@ in the present
experiment showed that the total phenol production was
dependent on the availability of carbohydrate. Further,
the ﬁeriod 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 offthe tissue at 2% sucrose which
was optimal for growth is shown in Fig. 11. During the
lag phase of the growth cycle} which exténded upto day 5,
there was ne appreciable change in the polyphenol content
of the cells. However, during the pre-exponential phase
which ex?ended from 5 to 10 days, there was a very rapid

and significant increase in total phenols., During the
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Fig. 10.

Fig, 11,

Changes in polyphenol content of Datura
cells grown in presence of sucrose at
the following Concentrations: 0%; 1%;
2%; 4%.

Inoculum size: 300420 mg tissue in 40 ml
of modified MS medium
Tfable 3, Chapter II).

Experimental details as given in Table 8.

Progressive charges in polyphenol
content of Datura cells in relation
to growth (Fr. Wt.).

Inoculum size: 300+20 mg tissue in
40 ml of modified MS
medium ( Table 3,
Chapter I1) supplemented
. with 2% sucrose, 2.0 mg/1
2,4-D and 0.4 mg/1 kinetin.

Experimental details as given in Table 8,
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subsequent period (10 to 15 days) of most pronounced
growth the polyphenol production declined,

’

BExperiment 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 Iresh weight were

transferred to 40 ml modified MS medium (Table 3,

-5 5

Chapter II) supplemented with 0, 10°°, 107°, 2x10™° or

5x10" M 2,4-D in presence of 2% sucrose and 0.4 mg/1
kinetin, to. determine the effect of auxin‘on polyphenol
production. The culture vessels were incubated under
condi tions mentioned in previous experiments and a fixeé
number of replicates ﬁas harvested at 5 days interval

upto 20th day for the measurement of fresh weights and

for the estimation of total phenols.

The effect of 2,4-D concentrations on polyphenol
accum&lation and on gfowth in Datura cells is shown in
Fig. 12, 13 and Table 9. The resul ts clearly shoﬁed thatv
with the increaﬁe in the concentration of auxin there
was cohnsiderable delay . in the initiafion of polyphenol
synthesis; the synthesis being quite marked in absence

of 2,4-D during the initial 5 days which constituted the

49
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Fig.

Fig.

12.

13.

Changes in polyphenol content of Datura
cells grown in presence of 2,4-D at the
following concentrations: 0 M; 10 %y,

it ]
1075M; 2x107°M; 5x107OM.

Inoculum size: 300+20 mg tissue in 40 ml
of modified MS medium
(Table 3, Chapter I1).

Experimental details as given in Table 9.

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

supplemented with 0, 10°°,
1079, 2x107° or 5x10 %M
2,4-D.

Experimental details as given in Table 9.
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5 to 10 days - i.e, the pre-exponential phase of growtir ==~
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 pronounegd increase in

their polyphenol content, Further, the resulté also

showed that with the increase in the concentration of

2,4-D, there was decrease in the rate of polyphenol
production per uunit fresh weight., The maximum synthesis

of polyphenols was recorded at 10" %u 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

ettt

Suspension Cultures

Measured aliquot of cell suspensions weighing
approximately 300+20 Qg tissue by fresh weight, were
transferred to Erlenmeyer flasks containing 40 ml of
the defined medium (Table 3, Chapter II) supplemented

6, 2x10-6, 107 or 2x107°M Kkinetin in presence

with O, 10
of 2% sucrose and 2,0 mg/1 2,4-D. The culture flasks

/ - > - - -
were incubated under comditions as mentioned earlier and

R}

st



32

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). Furtler, in presence
of optimal concentration (2,0 mg/1) 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 @aximum
production of pelyphenols was restricted to pre~§xponentiai
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 fegistered further increase in
polyphenol content in tissuies cultured in supra-optimal
level., The maximum synthesis of polyphenols, as recorded
on day 15, was achieved at 2310-6M kinetin concentration
which also supported the maximum growth of cells in culture

(Experiment 3-1, Chapter III).
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Fig. 14.

Changes in polypheunol content of Datura
cells grown in presence of kinetin at the
following concentrations: O M; 10_6M;
2x10"6M; 1075M; 2x10 OM.

Inoculum size: 300+20 mg tissue in 40 ml

of modified MS medium.

Experimental details as given in Table 10.

Effect of kinetin on growth of Datura

cell suspensions.

lnoculum size: 300420 mg tissue in 40 ml
of modified MS medium
supplemented with 0, 10‘6,
-6 -5 -5
2x10 ~, 10 or 2x10 "M

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‘nitrégen for the
growth of the cells and for total polyphenol production,‘
measured aliquots of cell suspensioh weighing approximately
300+30 mg tissue by fresh weight were separately inoculated
into the Erlenmeyer flasks containing 40 ml of modified
Murashige and Skoog's medium (Table 3, Chapter II) supple-

mented with the followihg sources of unitrogen:

(i) MS medium with standard nitrate supply - Medium A
(ii) » v without nitrate - Medium B
(iii) v with potassium nitrate - Medium C
(iv) = » with Ammonium nitrate - Medium D
(v) » with 2 x Ammonium nitrate - Medium E

. (vi) " "  with 500 mg/1 casein hydrolysate - Medium F
{(vii)  n with 1,0 g/l.casein hydrolysate -~ Medium G

Polyphenol content and gr¥owth 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,



N

Table 11 : Effect of Nitrogen Source on Growth and

Polyphenol Synthesis in Suspension Gultures

of Datura*

Inoculum : 300+30 mg tissue by fresh weight in

40
A

B
C

F

G

ml of :-

Modified MS medium with standard
nitrate supply

Modified MS medium without nitrates

Modified MS medium with potassium
nitrate

Modified MS mediui with Ammonium
nitrate

Modified MS medium with 2X Ammonium
nitrate

Modified MS medium with 500 mg/1
casein hydrol¥sate

Modified MS medium with 1.0 g/1
casein hydrolysate

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

53

Medium Fresh wt, Dry wt. Polyphenols
(mg) (mg) ‘ &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 . 844 175
‘ (72) (3.8) (1.4)
F 6700 285 425
(a8) (2.6) (4.1)
G 6219 231 445
(38) (1.8) (3.8)

*Data 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 NH4N03 and

KNO 4 (A), without nitrates
(B), KNO, alone (¢), NH, NO,
alone (D), 2 x NH, NO, {E),
500 mg/1 casein hydrolysate
(F), 1.0 g/1 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
cul ture (460/ug/ou1ture) and also maximum growth as
determined by fresh weights (28 fold increase) and dry
weights (19 fold increase). Double the level of ammonium
nitrate (Medium E) proved to 'be superior to potassium
nitrate alone (Medium C) and also casein hydrolysate
(Medium F and G) as sole nitrogen source g%igrowth. However,
there was marked reduction in polyphenol accumulation
(175/ug/cu1ture) at 2 fold ammonium nitrate level. Of
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 nitrbgen also enhanced
the polyphenol accumulation at both the concentrations
tested., However, the results indicated that a balanced
supply of inorganic nitrogen contaiﬁing potassium and
ammonium nitrates resulted in enhanced accumulation of

total phenols in Datura cell suspensions,



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

and Polyphenol Synthesis in Datura Cell

Suspensions

To examine the ability of Datura cell suspensions in
utilizing different concentrations of L-phenylalanine
for the synthesis of total polyphenols, measured aliquots
of cell suspension weighigg 300+20 mg tissue by fresh
weight were inoculated into Erlenmeyer flasks containing
40 m1 of standard culture medium (Table 3, Chapter II).

° 5x107°, 107*, 5x10™*M L-Pheny1-

supplemented with 0, 10
alanine in addition to 2% sucrose, 2.0 mg/1 2,4-D and

0.4 mg/1 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 Fig. 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, buf promoted poly-
phenol production. The low coucentrations of L-phenyl-

alanine on the other hand, had stimulator effect on

a7
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Table 12 : Eifect of L-Phenylalanine on Growth and
Polyphenol Synthesis in Datura Cell Suspensions*

Inoculum : 300420 mg tissue by fresh weight in
40 ml of modified MS medium (Table 3,

Chapter II) supplemented with 0, 107>,

5x107°, 10™% or 5x10°%M L-phenylalanine
in addition to 2% sucrose, 2.0 mg/l

2,4-D and 0.4 mg/1 kinetin.

Incubation: 30 days in 1ight at 26+2°C.

L-Phenylalanine Fresh wt. Dry wt. Polyphenols
(M) (mg) (mg) (jug/oul ture)
0 8602 356 465
(48) (2.6) (2.8)
-5 \
10 12042 379 362
(74) (6.6) (3.1)
5 x 1070 6399 326 376
(68) (4.4) (1.8)
-4 )
10 5066 253 . 385
(84) (8.3) (2.2)
-4
5 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
supplemented with 0, 10
| 5x107°, 10™% or 5x10™ %M

L-phenylal anine.

5

b

Experimental details as given in Table 12,
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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 cul ture medium (Table 3, Chapter II)

% 5x107°, 107* or sx107%M

was supplemented'with 0, 10~
L-tyrosine in addition to 2% sucrose, 2.0 mg/l1 2,4-D and

0.4 mg/1 kinetin. Cell suspensions weighing 300+20 mg
tissue by fresh weight were inoculated to each flask
containing 40 ml of medium. The cul ture flasks were
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 addiﬁion of L-tyrosine

did not enhance the production of poiyphenols when compared



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 m of modified MS medium
(Table 3, Chapter II) supplemented
with 0, 10>, 5x107°, 10°% or
5x10-4MLL~tyrosine in addition to
2% sucrose, 2.0 mg/l 2,4-D and

0.4 mg/1 kinetin,

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

L-Tyrosine Fresh wt, Dry wt. Polyphenols
(30 (ms) () (ug/cul ture)
0 8682 352 465
(48) (8.6)
10°° 10996 337 275
(78) (6.2)
5%10 0 10090 307 385
(56) (6.0)
—4 ’
10 9879 325 395
(42) (8.8)
-4
5x10 2142 65 422
(18) (2.2)

*¥Data represent average of six replicates,
Figures in the parenthesis represent standard error.
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Fig. 18.

Effect of L-Tyrosine on growth and
polyphenol synthesis in Datura cell

suspensions.

Inoculum size: 300+20 mg tissue in 40 ml

0f modified MS medium

supplemented with 0O, 10—5,

5x10°°, 10™% or sx10”%M

L-tyrosiue,

Experimental details as given in Table 13.
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N

to the control. In presence of low concentrations of
tyrosine, there wa; 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 Liguid

Media

In order to compare the growth and total phenbl
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
the medilim and the size of the inoculum &ere 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 1light 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 estimationh 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 1ag'was observed in fresh
weight increase of the tissue in both the types of media;
while the dry weights registered rapid raise from day §
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/cu1ture) than in the case of the
callus grown on solid medium (302/ug/cu1ture). Total phenol
production during 1lag 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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Fig. 19, Comparative study on growth of Datura

cells grown on solid and ir 1iquid media.

Inoculum size: 300+10 mg tissue in 40 ml
of modified MS medium
(Table 3, Chapter II1}.

Experimental detalls as given in Table 14.

Fig. 20. Comparative study on the changes in
polyphenol corient of Datura cells grown

on solid or ipn liquid media.

Inoculum size: 300410 mg tissue in 40 ml
of modified MS mediun
(Table 3, Chapter I11).

Experimental details as given in Table 14.
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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 Cul tures

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 polyphenol content with time in all the treatments.
Pronounced 1lag phase, as measufed by fresh welght, was
observed when the inoculum size was low (100 mg). The lag

appeared to be of least magnitude in the culture flasks



84

*I0x19 pIepuels juasaxdex syseyjusred ayj ur seanfiy
*sojeoT[dod XIS yo aferxoaw quesaxder wye(qy

(¥°2) (87) (0°2) (29) (8°%) (o)

gee T0O89 0g%e 8109 0gce 00T¥ 0%
(r°2) (9¢2) (8°1) (¥9) (2°g) (8%)

0€%¢ %29 09% 008¢ c9¢ - 1962 0%
(8°1) (02) (9°1) (ov) (2°2) (¢2)

tAd 0¢eT QlLe €807 08¢ 2499 ar
(¢°1) (ve) (eg°0) (8) (v°71) (97)

8T 2Q07T 0971 OF8 0gY 09g 0t
(9°0) (v1) (v°0) (8) (¥°0) (9)

155 4 Qa8 0g¢ 0¢¢g 8T 98T - Q9
(8°0) (91) (9°0) (9) (9°0) (2)

2% 008 9 00% 92 00T 0
Amh:pﬁss\wsa (3m) Amhseﬁso\mza (3m) th:pﬂsc\mzA (Bm)
_SIousydAod °34 ysaxy _syoudydLjod 34 yseiy _STouoydAiod -3s _ysarg  (sAep)

W 008  WATIOONI Sm 00y ¢ NATINOONT W 00T ¢ WATIO0NI QWT

3YSTT UT Do2+98 3% sAep 0g tuorjeqnouy

*urgeuty I/Sm $°0 pue q-%°Z 1/5m ¢*g ‘esoxons ¢z yjim
pojuema yddns (11 xeydeyy ‘g 21qe] ) WnIpew SN PAIFTIpPOW JoO
TWw 0f UT 9UYSTem ysaxy £Lq onssI3 Sw Q08 Jo Fm goF ‘Sm Q00T ¢ wWnTnoouT

¥BINJEBQ JO Saaniing
SnT1iB) ur uorjonpoxd TousydA[od pue YIMOIH Uo SZTS WMNINOOUT Jo 990IFY : QT olqey]



Fig. 21.

Fig. 22.

Effect of inoculum size on growth of

Datura callus cultures.

Inocnlum 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.

Effect of inoculum size on polyphenol

accumul ation 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 ho cofresponding reauction in lag.
Further, the total growth attained was highest (30 fola
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 inoculum (800 mg).
Furthermore, the fresh weights continued to increase in
flasks containing low inoculum 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 (100 mg). The
maximuﬁ polyphenol production was recorded in pre-exponential

phase of growth in all the inoculum sizes tested.

Experiment 4-i0 : Effect of Light and Dark on Growth and

Production of Total Phemols 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 IIL)
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supplement8d with 10-5 or 5x10-5M 2,4-D in addition to
0.4 mg/1 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 flourescent
lamps. An another set of replicates was incubated in
compl ete darkness. 1In 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 tne effect of light and da}kness
on the growth and polyphenol accumulation are presented
in Table 16 and illustrated in Fig. 23 and 24, 1In general
the cultures exposed to light showed more polyphenol
synthesis'as compared to the cultures grown in darkness.
Further, 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 eifect

of light on polyphenol production was more pronounced and
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Fig.

Fig.

23.

24.

Effect of light (5000 Lux) aud dark on
growth of Datura callus cultures grown on

two auxin concentrations.

Inoculum size: i00+10 mg tissue in 30 ml of

modified MS medium supplemented
with 107° or '5x10 °M 2,4-D.

Experimental details as given in Table 16.

Effect of light (5000 Lux) and dark on
polyphenol production in Datura callus

cul tures grown on two auxin concentrations.

ITnoculum size: 100+10 mg tissue in 30 ml
of modified MS medium
sapplemented wii:lrriou5 or

5%10” 2N 2,4-D.

Experimental details as given in Table 16.
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marked at 5x10~5M 2,4~-D than 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
pronounced at high auxin (5x10‘5M) level present in the

medium.,

Experiment 4-11 : Effect of Gibberellic Acid on Growth

F

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 Erlenmeyexr flasks

containing 30 ml of defined agar medium (Table 3, Chapter II)

supplemented with 10 ° or 3x10 %M gibberellic acid (6a4)

in addition to 2.0 mg/l1 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 (68%) and temperature (25+0.5°C).

69
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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 GA, are presented

3
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 concentra-
tions of GA, (3x107°M). However, the growth of the tissues
subjected to 10 °M GA; 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 GA3.

Light had promotory effect on polyphenol synthesis
even in absence of GA3. Further, GA3 at low concentration
(10-6M) enhanced the total phenol production both in
presence and in absence of light over control. However,
higher concentrations of GA, (3x10~6M) inhibited the
accunul ation of total polyphenol content both in presence

and in absence of light, at all stages of the growth cycle.



Fig.25.

Fig.

BEffect of gibberellic acid (GA3) on growth

- 0f Patura callus cultures grown 1in presence

" and in absence of light.

26.

Inoculum size: 100+10 mg tissue in 30 nml of
modified MS 'medium supplenmented
with 10°¢ or 3x10 °M gibberellic

acid.

Experimental details as given in Table 17.

Effect of gibberellic acid (GA3) on polyphenol
production in Datura callus cultures grown 1in
presence and in absence of light.

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

with 107% or 3x107 %M GAg .

Experimental details as given in Table 17,
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Experiment 4-12 : Morphogenesis and Polyphenhol Synthesis

in Callus Cultures of 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

cul tures 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/1) and in combination as shown in the

chart below:

Kinetin (mg/1)

0.0 0.5 1.0
0.0
TAA (mg/1) 0.05 *
0.1 *
100

Weighed amount (100+10 mg) of callus pieces were
inoculated into 150 ml capacity Eflenmeyer flasks containing
30 wl 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 aﬁd 0.1 mg/1 auxin alone (marked with * in -the chart)
for 15 to 20 days (Fig. 27 and 28). A fixed number of
flasks of all the treatmerts, was harvested after incuba-
tion for 30 days for the determination of fresh and dry
weights and for the estimation of polyphenol content in

cul tured 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 efifect on the production of
polyphenols., On the other hand, in absence of auxin there
was marked increase in éotal polyphenol content in tissues
grown on kinetin containing medium. Auxin and kinetin

together, however, had a promotory influence on polyphenol

production as compared to no-auxin-no-kinetin 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,
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Table 18 : Effect of Auxin alone and in Combination

with Kinetin on Polyphenol Production in
Callus Cultures of Cagsia*

Inoculum :

Incubation:

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/1 IAA.
and 0.0, 0.5 or 2,0 mg/1 kinetin.

30 days at 26+2°C in light

Kinetin (mg/1)

0,0 0.5 2,0
0.0 883 3435 6320
(0.8) (2.6) (3.0)
0,05 1693 3236 4314
LAA (1.4) (1.2) (1.6)
(mg/1) '
0.1 1815 3244 6787
(1.8) (2,0) (2.8)
1,0 1504 3804 5986
(1.2) (2.2) (2.4)

*Data represent average &ug/cdlture) of six replicates.

Figures in the parenthesis represent standard error,
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Fig., 27.

Fig. 28.

Initiation of root primordia from Cassia
anther callus grown on modified MS medium
(Table 3, Chapter II) supplemented with

0.05 mg/1 IAA and 2% sucrose.

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

Initiation of root primordia from Cassia
anther callus grown on modified MS medium
(Table 3, Chapter II) supplemented with
0.1 mg/1 IAA and 2% sucrose.

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






Table 19 : Effect of asuxin alone and in Combination

with Kinetin on Growth (Fresh weight} of

Cassia Callus Cultureg*

Inoculum :

Incubation:

300+20 mg of tissue by fresh
weight in 30 ml of modified

MS medium {Table 3, Chapter II)
suppl emented with 0.0, 0,05,
0.1 or 1.0 mg/1 IAA and 0.0,
0.5 or 2,0 mg/1 Kinetin.

30 days at 26+2°C in light.

Kinetin (mg/1)

0.0 0.5 2,0
0.0 879 2051 2866
(8.2) (18.2) (8.6)
0,05 1993 2530 4209
1AA (12.5) (20,5) (22.2)
(mg/1)
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,
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Table 20 : Effect of Auxin alone and in Combination

with Kinetin on Growth (Dry weight) of

Cassia Callus Cul tures*

Inoculum :

Incubation:

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/1 IAA and 0.0,
0.5 or 2,0 mg/1 Kinetin.

30 days at 26+2°C in light.

Kinetin (mg/1)

0.0 0.5 2.0
0.0 61 129 133
(1.24) (2.42) (1.62)
0.05 85 102 267
IAA (2.18) (1.86) (2.72)
(mg/1)
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) eof six

replicates.,

Figures in the parenthesis represent standard error.



77

however, more pronounced in presence of kimetin alone
than in presence of auxin alone. Synergestic effect on
growth as measured by increase in fresh and dry weights

was oObserved at high levels of auxin and kimetin tested.

DISCUSSION

It was clear from the experiment 4-1i 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 poeorest 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 bhest

carbohydrate source for maximum growth and for higher
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production of polyphenols was established, its effects

at different concentrations were investigated (Experiment
4-2). When Datura cells grown under the influence of
different concentrations of sucrose were analysed for
polyphenol content, maximum accumulation was regis%ered
in cells grown on medium containiing 4% sucrose. The results
presented in Table 7 clearly suggested that the increased
polyphenol production depended om the availability of
sucrose as carbohydrate source during the growth c¢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
optimal level of kinetin (2x10~6M) 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
polypheuol 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

that very high concentration (Sxio_sM) 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 éerhaps, 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
o1 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).

Examipation 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),
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L-phenylalanine and L-tyrosine, the aromatic
amino acids formed in the shikimic acid pathway are
known to function as precursors in the biosynthesis of
phenylpropanoid compounds. These amine acids at different
levels were, therefore, supplemented individually to the
synthetic medium to examine their influenece on polyphenol
production in Datura cell suspensions. It was observed -
that L-phenylalanine at 10754 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 efiect on polyphenol
production; but it promoted growth by Ifresh weight at all
concentrations tested except at the highest wherelthere

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 cells and possible dincreased 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’c1early
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 (100410 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 imoculum 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 similgr 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 1ight was much more marked atwhigher (5x10‘5M)
2,4-D level. The growth of the tissue, however, was
inhibited by the high light inteunsity at both the auxin

levels tested (Experiment 4-10).

On the other hand, in presence of light, GA3 at
10”6M concentrationy promoted growth as well as total

63)

phenol production, Higher concentrations of GA, (3x10~
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 GA3 further enhanced the stimulatory effect

of 1ight 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/1 IAA alone) the
polyphenol production was comparatively low, Further,

in absence of kinetin, IAA alone had no significant effect
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on the polyphenol production. However, in absence of
IAA, kinetin at 0.5 and 2.0 mg/1 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.



