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TER V

SECONDARY METABOLITES IN THE CULTURES

V=1

Va2

V-3

Experiments described in this chapter were performed with

different parts of a plant and callus derived from
these parts.

suspension’ culture initiated from stem explants of
Commiphora éiggtig was subjected to menipulation of
cultural parameters for 1ncreased production of F-C-B
sterols. This was done with a view to raise the content
of active principle Guggulsteranea Z and E

Experiments were also conducted with Ethsphon (2—ch&oro~
ethylphosphonic acid) to trigger the synthesis of active

principle in suspension and éallus cultures,
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V-1 TOTAL p-C-3 STERCL CONTENT

V=1.8.1 Comparison of total stersl content of mature leaves,

stem and callus derivéd from these explants

Commiphora wightii plants were grown in the University\
Botanical Garden from stem cuttings, Mature leaf and stem
samples were collected from these plante, Leaves of the
branch next to the ynungeﬁt branch were fﬁlly expanded and
were considered mature leaves., Stem samples of the gsame branch
were collected, Fresh and dry weighits of these explants were
determined. Fresh and dry weights of cellus derived from
these explants were alse determined., The samples were
analyzed for total P—c-3 sterols as described in Materials
and Methods (Chapter II-6.h),

/

Distribution of votal stercls in Commiphora wightii
indicates that on fresh weight basis the amount of total

sterols was more in the stem explants than in mature leaves;

80 also the ¥ of total sterols on dry weight basis (Table V=1),

Total sterols content of callus was significantly
di fferent from each other as well as the original explants
used to initiate culiures. Calius cultures had a content of
gterols about ten times lower than the original explants on
fresh weight basis. However, on dry weight basig, the sterols
contsnt was only two to three times lower than the original

explanté.



Table : V-1

Comparison of Total Sterol Content of mature leaves,

- stem and callus tissues derived from these explants

Incubation : 36 days at 25:2°C (16 h, 1500 lux)

Medium :+ MS basal medium with 3% sucrose

Supplements : Kn = 0.1 mg 1™V, 2,4=D = 0.1 mg 1”7

Inositol 100 mg 1~
Fresh wt. bry wt, Total Sterol % Dry wt
Tissue " (g) (8) i&/10 g fresh ]
wte .

Mature
leaves 10, 130,46 1.8710, 16 4764+206,7 0.2%
Callus  10,240.32  0.405:0.017 446144, 2 0.110
Stem 10,210,388  2,1230.18 62324268, 1. 0, 294
Callus 10,140.36  0,4110,019 568458, 1 0.138
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The stem derived callus exhibited 1.27 fold increase in
the total sterol content than the leaf derived callus on
fresh welght basis, The stem derived callus manifested
0,138% of total stercls on dry weight basis which is 1,25 fold
more than the leaf derived callus which showed 0, 110% of total
sterols, &

V-1.8,2 GC analysis of phytosterols of stem explants

and callus derived from it

For Gas Chromatographic (GC) analysis, the digitonides
were dissolved in pyridine and the regenerated sterols were
redisgolved in ethyl acetate., The GC analysis of this
fraction was carried out after trimethylsilylating the
sterols with BSA as mentioned in Chapter 1I-6,b., The
fraction was resolved into three peaks, The stercls were
identified by comparing their retention times with
authentic standarés (Flg. V=1), Thus, preliminery studies
with GC analysis showed that the major components common
in both the stem explants and callus inftiated from {t are
cholesterol, P-sitostercl and campesterol.
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Fig, V-1 GC separation of P—C-3 sterols in callus
culture of Commiphora wightii,
Steroidal constituents with retention times
relative to 5 X -cholastane (X) given in the
parentheses are
1 Cholesterol (2.06),

2 campesterol (2.64),
3 p-sitosterol (3.24).

*e -

*4
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As the total gterol content was more in the stem derived
callus, subseguent experiments regarding the effect of
various cultural parameters on the total ;:3-0-3 gterol coatent

were carried cut using stem derived c&llus.

V=1,b Perigdig changes in growth and tgtal gterol levels in

= the atandard gro th meﬁi_u in sus e 1 res 4
Jomniphora wightil ' o

The standard growth medium in suspension culture denotes
NS basal medium supplemented with'Kn 0,1 mg 177, 2,4eD
0,1 mg 1"7, 100,0 mg 1~ Tnositol and 2% sucrose, Five ml
(40030 mg) cell suspension ni stationary phase was
transferred ints 30 ml of meﬁium: A fixed number of three
replicates was harvested after four days intervals 111 day 24
for determining growth of tissue ’éhd gtercl production. The
results ere presented in the Pig, Ve2,0 .. - - | ,

The growth of cells in sugpension culture exhibited an
initial lag phase of 8 days, followed by & rapid period of
growth t111 day 16, The growth was almost stationary till dey
20, thereafter it éeclmed. During the exponentisl phasae, the
cells in suspension culture manifested 25.7 fold increase in
frosh welght and 25,0 fold increase in dry weight, The
kineties of total sterol éontent suggests that on per cent
vise, the total stercl content drops during lag phase,
méx'easas slowly durlng exponential and atatlonar& phases and

A\
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thereafter 1t almest remaing gonstant, Culture-wise, a slow
increage durlng initial 8 days is followed by a rapid increase
in sterol content till day 20, after which it declines slightly,

Ve2 INFLUENCE OF VARTOUS CULTURAL PARAMETERS ON GROWTH AND
TOTAL STEROL CONTENT

' Prier to tll,me transfer of suspension culture on-experimental
medla, t:he cells were grown in !43. bagal me’dium for one week,
unless othemise mantioned. in order to minlmtze hormonal
carryover, Size of the moculum on experzmmtal medium waa
5 ml eell auapenaim {&094»30 mg by rresh wt. and 12,542 mg
by dry wt.), The ml%?eﬁ were kept on a gyx‘ato:‘y shaker at
125 rpm at 25;2°C and at 16 h photoperiod, 1200 lux, 'me ﬂ
eultures were inmbated fm' 2& days. At the ena of the eulture
period, they were analyged for fresh and dry wt. increases and
" alao totel sterol accumulansn, The results-are presented in
Tables V-1~V~ & and Fige (Ve3eVe8 )./ o

L

Ve2,a Effect o totel nitrate 2y rowth snd total
- pterol content in guspension gulture

In the present studies, the infiuence of various levels
of nitrdte in the form of NH,NO5 and KNOy was {nvestigated,
. MS bogal medium conteined 40 wM of nitrate (2046 mM NH,NOy
and 18,8 mM KNDB);. This nitrate level hes been altered to
!.nvesti.ggte its effect on growth and total sterol content of
cells, For the sake of cenvenﬁ.enqe, the‘level of NH/NO, and

H
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KNGB is arbitaerily teken ag 20,0 m!vl; When the level of KROB
wag reduced to one half i.e. 10 oM, equivalent amount of K

" was added in the form of KCl, Ci.ﬁ‘ate at 10 mf was. added in
the media with X1,5 and X2,0 level of nitrete to absord the

excess of ammonium, The results are presented in the pig ve3,

T T T T ey ey
~ D S : N N
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The % total sterol content enhanced with lnereasing level
of nitrate and was 1,98 fold more than the contrel ab 80. et
nitrate (40 mM of N34ﬁ05_ snd ‘éo :mﬁﬁ of J{ii\‘fos). The increased
nitrate level, hovever, drastically rgduced the cell growth,

0.06 £5ld less on fresh welght basls and 0,058 fold less on
| dry welght basts than in control, The X0,5 level of nitrate

(NHNO, 16 2 and KNO5 10,0 o) supported growth of cells and

it shnwed'A‘t.OS fold incerease on fresh welght basis and 1.05
fold increase on dry weight basis, However, the total sterol
content dropped from O, 134% to 0, 125%,

These results clearly showed that the increased levels
of nitrate supported sterol production but drastically
inhibited oell growth,



Fig, V-2 Time course of growth and total stercl
production in MS + Kn (0.1 mg 1™1)
+ 244=D (0.1 mg 1™") + Inositol (100 mg 1”7,
Incubation : 24 days at 25+2°C (16 h,
1000 lux).

Fig, V=3 Effect of Nitrate level on growth and total
sterol content in suspenzion culture,
Medium : MS (without nitrate) + Kn (0.1 mg 1’1)
+ 2o4=D (0.1 mg 1"1) + Inositol
(100 mg 1'1).
Nitrate added at different levels,
Incubation : 24 days at 25:2°C (16 h,
1000 1ux),
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V=2,b Effect of phogphate level on srowth and total
| ' gterol content in suapenation cg;mi"g

MS bassl medium contains inorganic phosphate in the form
of Potassium dihydrogen Orthophoaphate (31-12904) at 170 mg 1"1.
Its level was altered, KHEPGQ was incorporated in the medium
at 85,0 mg 1™1 (X0,5), 255 mg 1™ (X1,5) and 340 mgl™*(%2,0)
level,

The results presented in!=— T - Fig, Vety 'showed
that reduction in the phosphate lavel, depreseed the growth
of the cells, mcrewer: it also depresged the total sterol
content, Fold wise decrease in growth on fresh weight bagis
was 0,61 and on dry welght basis was 0.822. Total sterol
content (¥) wae only 0,649 fold as compared with the control.
Ag more phosphate wa;s incorporated in the medium, there was
increase in growth (both on fresh and dry welght basis) and
also total aterol content, At X1,5 phosphate level, fold wise
increase in fresh and dry welght wes 1,06, At the same
phosphate level, the maximum sterol content was registered,
0.213% wise and 678,.1 /ug culture wise, showing 1.6 rcld
increase ag compared with the eontrol.

Rurther i.ncrease in phosphate level; X2,0, 340 mng 1”7 1

however, redtzced the growth of cells, It alaso reduced the
total stercl content and it wasg only 1,2 fold more than
the gontrol,
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Vu2,c Effocct of different carbon sourcss on growth and
' gterol gontent in suspension oulture

Carbohydrates, not only provide the energy source, It
also supply carbon skeleton £or the éyntheais of “seeondary
metabolites in plants, E:i;:;et‘imema viere designed, therefore,
to find out the auitable carbohydrate as anez;gy smwée and -
carhbon source 2‘6:' sterols and :i.ta optimal concentration,

 The stendard growth medium which lacked sucrose, was
supplemented wit;a the manoaacehanfies glucose, fructose,
galactose, iylose, ﬂiaaeaha'rs.deé sucrose, maltese, lactose aud
polysaccharide starch, The cells were grown in standerd medium
laekzng' sucrose ror 4 days to mini.mtaem the carryover effect.
The results ere summarized in Table Voo, . e

Seme carbon gources Frugtose, glucose supported growth ut
not px*oduci; ‘re;rmatmn. However, the growth was 1eés than sucrose,
Some carbon sources such as starch, galactose and lactose helped
sterol pmducﬁoﬁ tut in lower amcunts than those obtained with
sucrose, The other c¢arbon gources ‘s'uch ags maltose and xylaae
ald not help product formaticn, Moreover, the growth was also
poor with these carbohydra‘&eé. ’ '

Thas sucroze was found to be the most suitable carbon
source for growth and sterol producticn,



To determine the optimal suprose level for sterol
production; the standard growth medium was supplemented with
various sucrose levels ranging from 1 to 8%,

As indicated in “STF A\ Fig, Ve$ the cells did not
grow at all in the medium eontaining nio sucrosé, Addition of
1,0% sucrose enhanced the growth of cells a8 well as stercl
production considerably and the growth (both on fresh and dry
weight hasis) was maximum at 2.0% sucrose, Mthav increase in
. the sucrose 1eve1 reﬁuaeﬂ the growth of cells. However. the
total sterol content steadily increased with increaslng
eoncentrationa of AuUCTose and cu:!.mm wige it was maxi.mum at
4,0% sucrose (624 /us/cult;)g wheﬁ&a& on % wise it was macxd mon
- {0,301%) at 6.0% sucrose. The stercl. content dropped with
further fincrsase in guorose level,

V-2,e Effeqt of suxing on arowth and gherol content in

onsi _ }

‘The nature of hormones as well as thelr aongentrations
influence the ability of tbe cells to produce metabolites,
The different auxing studi.ed m» theix' e:e.iect on gs*ewth and
sterol production were 2,40, NAA, IAA and IBA, Each auxin
was used at tha concentrations 0.01, 0,1 and 1,0 mg l"‘ in
staridard mediun without 2,&‘-13.



Fig. V-4 Effect of phosphate level on growth and total
sterol content in suspension culture,
Medium : MS (without phosphate) + Kn (0.1 mg 1“1)
+ 2y4~D (0.1 mg i”) + Inositol
(100 mg 1),
Phosphate added at different levels,
0,625 mM (X 0.5)
.25 mM (X 1.0)
1.875 M (X 1.5)
2.5 oM (X 2)
Incubation ; 24 days at 25+2°C (16 h, 1000 lux),

Fig., V=5 Effect of sucrose conc., on growth and total

sterol content in suspension culture,

Medium : MS (without sucrose) + Kn (0.1 mg 1'1)
+ 254~D (0.7 mg 1'1) + Inositol
(100 mg 17V).
Sucrose added at different cones,.

Incubation ¢ 24 days at 25°C (16 h, 1000 lux).
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Results indi cating the effect of auxir/é concentration
are presented in. ;:i_: " Fig, Vef aybycyds At 0.1 mg 177
of 2,4~D; the tatal sterol content was 0, 136% and 416, 2 mg/
culture at the end of the incubation period, At the reduced
Tevel of 2,4-D (0,01 mg 1™=1), tho growth of the cells vas
slightly suppressed, however, the total stercl eontent
‘ncreased, showing 0,230% dnd 503, pg/culture, This showing
1.6 fold increase % wise and 1.& f£old increase culture wise,
At higher cancentrat:ion 1,0 ag. 1, both grwth and total
gterol px’acluctioa were reduced. o |

In the case of IAd, it did not support the growthiof .the
tissue end the highest growth obtained with IAA at 0,01 mg 1"’?
gonegentration (1,12 g/culture) is only 0.112 fold compared
with the control, With increasing concentration of IA4 1,0 mg 1™
through 0,1 mg 17, the growth of cells declined both on-fresh
and dry wt, basis, H:mever(, the increasing et;nceﬂﬁmtim of
IAA supperted stersl production end at 1.0 mg 11

0,185 % (51,8 /dg/cuzture). which 1is 36 fold more than control.

s it was

Of the three levels of 1BA adminwtered, the cells
exhibited mexinum growth 2,1 g/eult, at the lowest concentrae
~ tlon 0.01 mg/l, The growth declined with increase in the

ﬁcncentratim. However, the gherol qcnteﬁti%?:jé?‘ea)ased‘ with the
-increasing concentration and wes 0, 110% (52,8 pg/cult) which
is 0,80 fold as compared with centrol,

-
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NAA supported growth of the celis (3.6 g/cult) and total
sterol production (0.110%) more than the other two auxins.IAA
and IBA at the lowest concentration (0.01 mg 1), However, the
increasing concentrations of NAA exhibited decline in the growth
of cells and also total sterol productisn (on culture basis).

These results preéented’iﬁ Fig.. V¢7ha,b.c,d 1nd1caté
that 2,4-D at 0,1 mg 1~' 1s optimal for growth of the cells
on fresh as well as dry wt, basis. waever, the total sterol -
content fluctuated at the different concentrations, At the
lowest éoncentration. 2,4~D promoted the highest Sterdl :
content 0,230%. (593 pg/cult,) followed by NAA 0, 110%
(zzs.z,ugféult.), IBA 0.105% (68,2 ug/cult,) and IAA 0,095%
(38.8 ng/eult,), "H}mever, at the higher concentration,

1.0 mg/lit, the pattern was reversed, thus showing maximum
sterol content with IAA followed by 2,4-D, NAA and IBA,

V-2.f Influence 6£ auxin 2,4«~D and dzgokinin kinetin on

ggowth and sterol prbduction in.susgension culture

To examine the effect of 2,4-D and kinetin in combination
-on growth and total sterol content the following combinations

were studied e

. Kn 4
0.01 0.1 1.0 \
0,01
2,4-D 0.1 . (Confo]

" 1.0




Fig, V=6 Influence of auxins 2,4-D (6.a), IAA (6.D),
IBA (6.c) and NAA (6,d) on growth and total

sterol content in suspension culture,

Medtum : MS + Kn (0.1 mg 1"1) + inositol
(100 mg 1Y),
Auxins added at different concs,
A-001ng1"", B=o0,1mg1™",
C- 1.0mg1", }

Incubation : 24 days at 250C (16 h, 1()06 lux).
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The results obtained are preseated in ’:::L:f;:;
Fig: V"“*’iﬁ@f}ﬁwﬁv

0f the various combinations of 2,4«D and kn tried, 244D
at 0.1 mg 1=1 with kn st ‘0.1 ng 1= gave the maximum cell
yield both on fresh and dry wi, baaza, it was alsa cbserved
that the growth of the cells was more influenced by the
concentration of 2,4~D than kn, However, the maximum sterol
- content was obtained at 0,01 mg 11 Zob=D with b.‘l mg 1 1Y
(o, 236%.‘ ﬁﬁ/us/eult. /) which 12 1.7 fold more than the
centrol on % ws.ae and 1,3 fold mgre on /ug/cult. basis,
Irrespeative a: the kn noncentration, the total stercl
content (% ary wt,) was elweys higher at the lower concentraw

tlon of 2,4-D (0,01 mg 1~7) than the contiol,

Soy 1t 1s observed that the growth as well as total
sterol centent was mors influenced by the concentration of
auxin (2,4-D) then that of cytokinin (kn),

The combinations of macro ez.emmt}gand miere elament salts

studled were 2

Macro element salts
30.5 xm) X 2.0 -

X 0-5
Hicro element|)
salts % 1.0 Conivol

X 2.0




. Fig, V=7 Effect of 2,4~D and Kn on growth and sterol

production in suspension culture,

Medium : MS + inositol (100 mg 1~).
2;4-D and Kn added at different concs.
Kn concs. 7.8 : =~ 0,1 mg 1”1. 7.0 : = 0,01
mg 1=, 7.c 2 = 1.0 mg 1™V,
2y4=D concs.

A= 0,01 mg 1”7, Bw 0.1 mg 1™,

C = 1.0 mg 1=,
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In maeroelements, the level of nitrate (NB“NOj and Kﬂoa)
and phosphate (KHzPO,‘) was kept constant and the level of
other macroeleanents viz. CaCl,, 3820 (440 mg 1"1), MgS0,s 7H,0
(370 mg 1"") and b&aat‘eﬁ}}m (Na A 37,3 and FeSOz 278 mg 1"1) -
. was varied, In microel ements tize level of Mnsot‘ \22.3 mg 1’7).
2n0,(8.6 mg 2™1), B,B05 (6.2 mg 1™), KT (0.83 mg 177),
NaM00y,e2H,0 (0,25 mg 1™7), uS0,,5H0 (0,025 mg 1™') and
COCL,,6H,0 (0,025 mg 177) was varied, R

. S

As indicated in Table Vez «” ‘a'b ‘the X0.5 level
of macro and micro el ements, the ér;wth of cells was
supressed so also the total stercl eantem;. Incorporation of
mcrcelemem:a at increasing levels ab 0,5 level of macrow
elements did support growth and total stercl content, hut

it waa still less then the control,

By inorcasing the level of macroe;mﬁenta to X1,0, both,
“the growth of celis and total sterol content was enhanced.
Maximun growth of cells on fresh end dry wb, bagis, was
cbtatned at X1,0 of maero and microelements, Farther 1ncmeaée
in macroslements to X2,0 had adverse effect on cell growth;
80 also at all levels of mioroelenents, However, the totel
. sterol content waes slightly enhanced at Xégp macro + X1,0
micro @nd-X2.0 of macré.and X&.Ouof mtcroelemmté {06 137%)
showing 1,03 fold increase av;ex* the gontrol, |



Table ¢ V-3
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Effect of different levels of micro and macroelement salts on
growth and sterol production

Inoculum
Medium

Supplements: Kn « 0,1 mg 1

Inositol - 100 mg 1™
macro and micro salts added at different levels,
Incubation : 24 days at 2532°C (16 h, 1000 lux)

4004»30 mg tissue by fresh wt.
s Vitamin stock of MS medium with 2% sucrose
=1, 2,4.D = 0.1 mg 177,

Total sterol content

A&dittv:gs Fresh wt, Dryk wt,
(x) mg/cult, mg/cult, pagfcult, % dry wt,
Macro Mici‘e
O.5 + 0.5 1’08: 35a 1‘;5 00031
. ; (!l' 62.1) (:‘h ) )
0.5 + 1.0  6587.4 08, 5 135, 1 0,064
| (£178.1) g (;29:6)
0.5 + 2,0 7149- 222: 5 15706”~ " 0,070
\ (+192.6) (£12,8) (130.2) ‘
1,0 + 0,5 3536. 92.3 75.5 0.082
(3108.4) (£ 9.8) (£10.3) |
1,0 + 1.0 10215.7 318.2 424, 3 C. 133
’ ( +288, 8) (“FZO. 2) :1‘60 2)
1.0 + 2.0 91060 312':"' 4260 / O. 156
j ("‘23604) ("'1908)‘ (""nc7)
2o° + 0.5 3%6» 1 86’ 790 0 093
/ C (2112,3) (x 9.6) (310-6) .
2.0 + 1.0 4086,9 126,2 172.6 0, 137
(+12t..1) ’ (+12.8) (£32.4) .
2,0 + 2.0 "4908. 122& 1570 0. 157 )
(+‘i 19.6) (313.2) (£28.8).

The data represents an average of 3 replicates,
Figures in the paranthesis represent standard deviations,



in Commiphora wightii suspension cultures

‘The metabolic seguence of sterol Moaynmeaw in plants _
is sioflar to that of ‘cholesterol biosynthesis in animel
systems (szzwald, 1975). The main precursors of atercls are

acetate, mavionate and squalene, The regulation of cholesterocl

blosynthesis is also complex, The rate limiting step is early
in the sequaence; the reae‘hion m which hydrcxymethyl glutaryl=
CoA 13 wmrerted into mev‘lonate. The enzyme ¢atalyaing this

‘reacti on hydroxymethylglutaryl COA reductese is a cemplex

~

reguleting enzyme, Cholestercl inhibits 1ts own synthesis by

regulating the ac:tzvity of WG CoA redua'baae.

Keeping this in view, e:qaerm'ent vas sst up to study the

) azfect of. ssd.tum acetate, sodium mavlonate and cﬂolesteral on

the totel aterol eontent of Commiphore m__u sagpension
cultured, BRI

Effect of the precursors of the starol b&onynthesxs by
adding sodium. acatate az:d sodium mavlanata, in the med:.um
at 0,1; 1,0 and 10,0 /uM cemcentmtion was thea exammed. In
another set of experiments, ¢ha1eaterol was added in the |
mediun at O, 1, 1.0 and 19..0 /um eoncentrati.ona for 1ts effect
on total steml sontent (Fig.v-a.a,b.c ) ’

P

Additien of sodium acetate had a promotory effect on
growth as well as total sterol content. However, the total .



Fig, V-8 Effect of precursors, Na-acetate (8.a),
Na-mevlionate (8.b) and cholesterocl (8.c)
ocn growth and sterol content in suspension

culture,

‘Medium : MS + Kn (0.1 mg 1'1) + 2o4=~D (0.1 mg 1‘1)
+ inositol (100 mg 1™7).

Incubation : 24 days at 25°C (16 h, 1000 lux).
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sterol content was only 1,02 fold more than control at all
the three levels of sodium acetate tested,

Incorporation of ao&ium mavionate in the méreaning
levels markedly increased the total stercl level (0,2% at
1,0 and 10,04 of sodium mavienate) with & slight inhibition
of growth of cells, With cholesterol, however, & drop in ‘totel
sterol content was noticed whﬁ.f.:h increased with the increasing
ccncentratlon ot cholesterol. The growth of the ceua was also
affected by cholesterol, ‘

This seemed to indicote thet the immediate precuraor
sodium mavienate was utilized by the cell culture more
effectively for the production of starols then sodiwy acotate,
Cholestercl inhibited the total sterol content,

Va2l ffect o o stace culture gyst rowth a

It hns baen observed that a two stage culture system ia
beneficial for the pro&uctiﬁn of sepondai'y metabolites, In
the pregsent studies, an experinent vas desipned ‘o find out
the optimun t:.mlng for the transfer of cens from grwﬁh
medium to pradue:ts.on medium, Here the gmwh neﬁtm dmotea
MS with kn 0,1 mg 2,"1 ,x-éa;lg-n 0,1 mg p . ‘imsitel 100 mg 1"1
end 2% suerose; whereas in pm”dudtidn mediuvn, the aeparatg’
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factbm exhibiting higher sterol content were pooled together
to ses whether they showed any synergistic effect, The
production medium denotes MS medtum (witheut nitrate and
phosphate saurce) with X2,0 n.ttrate, X1, 5 phosphate,

24b=D o.m mg 1"1 ¢ kn 0,4 mg 17 “1 ana sucrose 6%,

The cells were grown £1rst in the growth medium and
successtvely transferred to production medium at different
' pertods, The cells were harvested after 4 weeks, As presen'ted
in Table Vel . - in contPol, 1.€. whm the cells were
grown only in growth medium i‘er all the four weeks, the growth
of the cells was maximun ana it regiatered totel sterol content .
of -0, 133%, When the cells wera grown in he grosath medium for
one week and then in the productien mediun for 3 weaks, the
growth ef‘ the cells wes éraatieally redused, It was Os 24 f£old
as compared with the control on fresh wt. basis and 0.205 fold on
dry wt. basis, Even tbough the total sterol content was less
‘than in ccmtrol on the baslis of yleld per cultura, % wi.sa V
this showed distinct enhancement and 1t was 2.2 fold more
than the control, ' |

. tThen the cells were grown for 2 weels in groath medium
end then 2 weeka 1in production medium, silght reduction in
growth vas obsewed with distingt msa in total sterol content
both on yield per culture basis and % wise, which was maximum
(04 305%), | | o .
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Table : V=4

‘Influence of two stage culture system on growth and
sterol production in suspension culture of Commiphora wightii

Inoculum 1 400430 mg tissue by fresh wt, -
Growth medium : MS with Kn 0.1 mg 1”7, 2,4-D 0,1 mg 1°7,
Inositol 100 mg 1=' 2% sucrose. :

- Production medium : MS medium without nitrate and phosphate

' source with X 2,0 nitrate, X 1,5 phosphate,
2,4=D 0,01 mg 11, Kn 0.1 ng 1°7 and
sucrose 6%, ~ )

Incubation : &4 weeks at 25:2°C (16 h, 1000 lux)

Growth Med ¢ Fresh wt,.  Dry wt. Total';terol content
Production 87 .
Med (wecks)  ©28/cult. mg/oult, - ug/ecult, % dry wt,

———

S v - SR v 5% S
2ErE GEhH @y &L 0@
> 301 el GBS ol O
4 b0 191927, égéi% - ’(:g},:g) 0,133
orh gl 3 SRy o

—

The data represents an average of 3 replicates,
Figures in the parenthesis represent standard deviations.
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!

Maximum sterol content yicld per culiure wise was
obtained (746,7 xg/cult,) when the cells were gé'ewn for
3 ueeks/tn growth medium and one week in production medium,
Hvever, % wise, the total stercl content was less then in
' the prévioas case, The growth of the cells was algo not
!mapergﬂ. o

Growing t!;e cells for all the four weeks in production
medium, drastically reduced the cell growth, The total etercl
content was almost ma::}&um on ¥ wise, but it wag almost 10
times less on ug/culture basis,

This exger&ment indicates that the sterol yield was
maximum when the cells were gi'emz for 3 wesks in growth medium
. and then for 1 week in production medium, However, the meodmum
% of total sterol content was obtained, when the cells were
grown for 2 wecks in growth medium énd then for 2 weeks in
the production medium, -

v‘z‘ 3

Crowth rates of tissues or cells as well as content of
secondery metabolites are observed to decline as they age
in culture, ‘

In the present studies, the cellus cultures initiated
from stem in late 1932 have undergone 33 transfers to freshly
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. prepared media at regular intervels of 30 days, whereas the
suspenzion culture hos undergone % transfers o Ireahly
prepared age&im at regular mierv‘ala of 20 doys. To check
1f eny change has occurred in growth rate end total sterol
content, the sugpension cultures were assayed atter every %
subcultures for growth and total sterol determination, The
data 1 presented tn Table Veg),:

The growth of the cclls wag comparatively less in the
first fow mubgultures, But these newly xns.tiateﬁ culmres
exhibited higher content of total gterols on % basis (0.137),s
Distinct enkencement m growth was nots.ced at 5th aubmltum
which almost remained constent ti11 15th subeulture, The to‘bal.
sterol content siightly dropped at 5th subculture and then
almost rehained constant till 15th subculture {04 13404 133 %),

After 20th subeulture, the growth of cells exhibited
progregéive decline bolh on fregh wt, and dry wi, basis,
Similar pattern was obacrved in totsl stercl content also,
After slight reduction at 15th suboulture, the total stercl
content registered decline at 20th auboulture, Even though
on yleld per oulture basis, the total sterol centent declined
at 25th and 30th level, on % basls, it almost remained
conetant at 25th and 30th suboultures,



. Table 31 V-5
 Changes in growth and sterol content in serial subcultureu
" of Commiphora wightij suspension cultures

Inoculum : 400130 mg tissue by fresh wt,

Medium 1 MS basal medium, with 2% sucrose,

Supplements : Kn - 0,1 ng 11, 2,4-D - 0,1 ng 2**
Inositol - 100 mg 1~

Incubation : 24 days at 25:2°C (16 h, 1000 lux)

Subcul ture Fresh wt, Dry wte = Total atérol content

S ' ng/oult, ng/cult, . asgfoult, % dry wt.
v e ks By oV
Ry ey e o
toen L @BL O dBy o
15th 2_‘;2%’2:%: AL R 5 9"'33_‘
e Bed ey h o-1%
25¢h ; Greerdy - (Cabd o (E‘S;.s) 0.1%
ot Bos 5) (3'1'519) | (zf;';.w) 0120

The data represents an average of 3 replicates,

Figures in the parenthesis represent standerd deviationa,



Gumeresin efma.m:"a: trees, growing wild in forest of
Vasad vas collected as described in ChapterTI.i"™ ). |
Mature leaves and stem explants of the same tree were also

collected, Fresh (except gum=resin) and dry 'hezghta of these
| samples were deternined, The senples were snalyzed for ketonic
fraction and Guggulsterones as mentioned in Chapter II;,-E.&, 2

Table V-,-ifﬁj}. indicates thal ihe gontent of ketonic
tractim“so alao ga?saumtarmes ms,maxxmum in guowreain,
The peramtage ot both of 't:hese was less in’ lenf end stem
explant:. The s*‘cem explants eaatam &rwnd 0. 06 Zold ketonic
fract:.,an and guggulsterocnes, whereas tht; leaf explants
contain arcund 0,05 £0ld ketonic fraction and guggulsterones
as compared with gumeresin, The percentage was atill further
rec}ticg@ in callus initiated from ﬁhese expiants, The callus
induced from stem explants exhibited around 0,0043 fold
ketonic fraction snd guggulsterone as compared with gumeresin
and 0,06 fo1d as compared wi.th the original mlant,

,Fi.g. V»\ 3 9, shows the qualitative analysis by T}..c
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Table : V=6

Comparison of ketonic fraction and Guggulsterones (Z and E)
m various materjals,

Dry wt,

Fresh wt, Ketoniec  Guggulsterones
Material () (2) fraction
% of dry wt, % of dry wt,
Guneresin - 1.0 4,32 2.1
. (40.15)
Stem 10.5 2. 17 0,275 0, 135
(20.52) (10.20) ’
Leaf 10.2 1,86 ‘ 0,235 0.116
(:0.48) (0. 19)
Callus 10,1 0 405 0.019 0.009
(Sten) (20.41) {10.021) ~

Data represents an average of 3 replicates,

Figures in parenthesis represent standard deviations,



Fig., V=9 T1ILC analysis of ketonic fraction isolated from

1 Leaf czllus
Leaf

Stem czllus
Stenm |

wm oUW

Resin

G-guggulsterone
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V3.0 Guggulsterongs gz and Ez groduction of Normal and

Etheghon treated susgenszon cultures of @@ghgra 31@1:&

The important active principle (guggulsterones Z and E) was
found to be present at very low concentrations (0,000%) in
callus as well as cell suspension culture, It 18 known that the
p-C~3 sterols act as precursors for guggulsterone and other
sterols in Commiphora wightii (Bajaj and Sukh Dev, 1982).

Thus from a reported linkage between.@~c~3 sterols and
guggulaterones. we standardized a prbduction medium - £or P~C-3
sterols - which exhibited 2.2 fold 1ncrease in the pereentf
total sterol-production. However; the high P~C-3 gtercl pool
.did not result*izghigher,pool of guggulsterOnes. In the
following experiments the effect of Ethephon (2~chloroethyle
phﬁsphonié acid) treatment cn‘guggulste?ane production in
suspension and callus cultures of Commiphora wightil are

described.

To conduct these investizations, a suspension culture of

- ggmmjghgra wightil which had been grown fol' two years in MS \
medium witﬁ O.1 mg 1"V of Kn and 2sb=D and 2% sucrose wes
euployed, Ethephon, a commercial preparation;coﬁﬁaining 480 ¢ 1~
bf 2-chlorcthylphosphonic acld was obtalned from sgremore Ltd,
Bangalore, India, The ampunt of 2-chldroethy1ph35phbnic agid

in various dilutions used in this study will ﬁubseqdently

referred to ags active substance. The treatment of active
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substance was conducted in four concentrations (1,10,100 and

1,000 mg 1~ in the medium), While 1,000 mg 1~ active

. substance treatment killed all cells, growing cultures were

obtained with the lower concentrations of active substance,
Both the fresh and dry welghts of cultures were reduced with
the increasing concentration of active substance, and there
was 10,0 fold decrease in fresh wt. and 6.6 fold decrease in
dry- weight, But the synthesis of guggulsterones was triggered
to 0,11% by incorporation of active substance at 100 mg 1~
éonoentration in the medium, Thus the guggulsterone content
in the ethephon treated cell cultures (active substance,

100 mg 1"'1) exhibited 12,0 fold increase over control

(Table V-7), ' |

V-3,c Guggulsterones (2 and E) production in normal and
ethephon treated callus cultures

In another experiment ethephon was added on the callus

after incculations at four concentrations (1,10,100 and

1,000 mg 1= ¥ of active substance), The flasks were covered
tightly with aluminum foll, The c¢ells exhibited reduction in
growth both on fresh and dry welght basis with absolutely no
growth at 1,000 mg 1~ of active substance. At 100 mg 17 -1
concentration of active substance, there was 9.4 fold decrease
in fresh wt, and 7.6 fold decrease in dry wt, the production of
guggulsterones was enhanced to 0,1% which is 12,5 fold more
than the control (Tatle V-8), |



"Table : Va7 .

Guggulsterones (Z and E) production of 'normal and Ethophen
treated suspension cultures of Commiphora wightif.

Inoculum 2 400430 mg tissue by fresh wt,
Medium '. : HS basal medium with 2% suc_mée.;

Supplements: Kn = 0.1 mg 1”1, 2,4+D « 0,1 mg 1!
~ Inositol - 100 mg 1~

Ethephon (active substance) added at different
concentrations,

Incubation ¢ 24 days at 25:2°C (16 h, 1000 lux)

Actlive - Fresh wt, Dry wt, Guggulsterones
substance g/fl g/ﬂ
mg 1~1 * * /ua/ cult, % dr}’ wt,
- 10,2 0. 301 27.8 0,009
‘ (+037) (:0.02) - ) S
1.0 7.1 0,224 20,1 0.009
: (30. 21) (30.018)
10,0 4,8 0,195 17,5 04009
) (204 19) (10:014) -
100,0 Stz 0,045 49,5 0. 110
(£0.09) (20,003)
1,000.0 0,45 0,028 - .

- (10,02) (+0.002)

TSR A N—"




Tatle : V-8~ . - -

Guggulsterones (Z and E) production of normel and Ethephon

. treated callus cultures of Commjphora wightii.

Inoculum ¢ 400430 mg tissue by fr. wt.

Medium " : M3 basal medium with 2% sucrose.

-]

Supplements : Kn = 0,2 mg 11, 2,4=D = 0,2 mg

Inositol - 100 mg 1™

Incubation : 40 days at 2542°C (16 hy 1500 lux)

Acgi.ve. . Fresh wt, Dy wt, Guggulaterones
substance SR -
-t Joult, Jeult, - mg/oult % dry wt
og 1 (g) (g) S '
- 14,2 0,650 52,2 0,008
(20.492) (£0.,035)
1.0 12.8 0. 560 44,8 0,008
(£0. 442) (20.031)
10.0 5,2 04 240 21,6 0,009
(0. 224) (10,019)
100.0 1.5 0,085 83.5 0, 10
{20. 115) (20.008)
' 1,000,0 0,401 0,031 - -
(£0.,021)

(20.003)

Data represents an average of 3 replicates,

Flgures in parenthesis represent standard deviations,

Ethephon (active substance) added at different concentrations,



