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Abstract: The effects of sucrose, Indole-3-Acetic Acid (IAAnd 6-BenzylAminoPurine (BAP)
concentrations on cell growth dfentella asiatica cell suspension culture were studied. The
concentrations were designed using Central-compa@siperimental design and regression analysis
was carried out to obtain response surface mod&dribéng cell growth for prediction of optimum
conditions. Only sucrose as a single factor wasgtigely significant for cell growth. Increasing
sucrose concentration from 3.32 to 6.68% (w/v) ltedun an increase in dry cell weight from 16-27 g
L™ IAA and BAP as single factors and other possibkeraction effect were insignificant. The
optimum values predicted to be 6.68% (w/v) sucros&4 mg L* IAA and 1.17 mg [* BAP vyielding
27.4 g ! dry cell weight with 81.4% regression equationdis of the experimental data.
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INTRODUCTION metabolism, growth and developmi@ntA sucrosefed
cell culture is probably similar to the whole plant
Interest in pharmaceutical products and drugserms of its primary metabolic pathw&ysnd the level
derived from plants has increased tremendously imf carbon source affects both cell growth and pebdu
recent years. In Malaysia the value of herbal maike formation. Sucrose and glucose have been the most
estimated to be at US$3. 8 billion and is growihd@ effective carbon source in supporting high grovétes,
to 20% yearl{f!. The plant of interest in this study is biomass yield and productiBh
Centella asiatica or its Malaysian name pegaga is of Plant Growth Regulators (PGRs) affect cell
Umbellifarae species generally found in tropicall an growth, metabolism, cell differentiation and indoat
sub-tropical countries. Being famous traditionadlg  or repression of biosynthetic pathways. Auxins potem
health enhancer, its bioactive compounds, tritesjsn  cell elongation and root initiation; while cytokirs
(Asiatic acid, Madecassic acid, Asiaticoside andpromote cell division and shoot differentiaffbnPGRs
Madecassoside) and antioxidant are responsiblésfor are taken up and the level increases intracelloigr
therapeutic ability. Modern research has found Gat only temporarily as they could become rapidly inaet
asiatica  possess  antibacterial,  anti-malarial, after uptake. Their inmediate effects depend orrdte
antiproliferative and wound healing properties. Wit of uptake from the medium, stability in the mediand
the success of gene cloning that encode enzymes oh the sensitivity of the target tis§ieThe effects of
terpenoid synthesis, genetic or metabolic engingesf PGRs also depend on diverse factors such as plant
plant terpenoid metabolism presents a venue falieu species, hormone type and concentr&ionFor
on terpenoid-based insect repellants, pest comirol examplea-Naphthalene Acetic Acid (NAA) is superior
plant with enhanced terpenoid vitaniths to Indole-3-Acetic  Acid (IAA) and 24-
Sugars are the main respiratory substrates fodichlorophenoxyacetic acid (2,4-D) in promoting tbot
energy generation and metabolic intermediates t@ell growth and anthraquinone yield Rabia cordifolia
synthesize macromolecules and other cell constituen but may become inhibitory at 2 to 5 mg'l. The
In addition, ribosomal and deoxy-ribosomal sugaes a cytokinins such as 6-BenzylAminoPurine (BAP) and 6-
part of the structure of DNA and RNA, and furfurylaminopurine (Kinetin) are mostly used to
polysaccharides are major structural elements aitpl increase biomass vyield and secondary metabolite
cell walls where linkage of many proteins and Itd  production such as inAphelandra® cell culture.
sugar is required for proper functioning. The Nevertheless, little effect of cytokinin is founah i
availability of sugars or their derivatives them&fo Cinchona succirubra cell growth and anthraquinone
initiate different responses and would affect plantformatior®.

215



American J. Appl. Sci., 1 (3), 215-219, 2004

The medicina' properties of many p|ant Species aré-able 1: Maximum, Central, Minimum and Star PoinfsCentral-

attributable to their secondary metabolites.
secondary metabolites are unique to each planiespec
strategies must be devised for optimization of medi

and cultural conditions for optimum cell growth and -1

) . . 0
secondary metabolite production. This has led ® th;
of growth and production mediumy

development
utilizing two-stage fermentation processes suchoas
Lithospermum erythrorhizon™® cell culture. The first
stage is for optimum biomass production in the &sbr

Since

composite Design for Sucrose, IAA and BAP

Sucrose IAA BAP
Levels (g L-1) (mg L-1) (mg L-1)
-a 3.32 0.66 0.33
4.00 1.00 0.50
5.00 1.50 0.75
6.00 2.00 1.00
6.68 2.34 1.17

RESULTSAND DISCUSSION

duration, and the second stage for maximum secgndar

product
production

synthesis.
medium

Recently,
strategies

intermediary
have also

and
beer?

Screening experiments conducted earlier identified
ucrose, IAA and BAP as important factors in

proposelt!! for C. asiatica cell culture. The strategies promoting cell growth o€. asiatica cell culture. In this

for optimization involves screening steps to idignti
important factors and concentration range;

concentration

statistical experimental

Surface Methodology (RSM). The aim of this study26 6

therefore was to optimize the cell growth@fasiatica
cell culture using sucrose, IAA and BAP
concentrations. Central-composite experimentalgiesi
was utilized to design the concentrations of thuoies.

MATERIALSAND METHODS

Cell suspension cultures. C. asiatica cell suspension
cultures (CA-01 accession) were initiated from wsll
obtained from the leaf.

Maintenance medium and experimental approach:

The maintenance of the stock culture and experiahent

approach was as described beféte

Analytical procedure and statistical analysis. The
determination of cell growth and triterpenoids gsid
were as described bef8fé

Central-composite experimental design: The Central-

an
optimization steps within the defined factors and
range of important variables usin
design such as Response

study, three-level central-composite experimental

odesign was carried out to determine the optimurnesl

and interactive effects of the factors. The desigad
esults are shown in Table 2. The highest dry cell
eight was 27.4 g Lin run 12 at 6% (w/v) sucrose, 1
L' IAA and 1 mg L BAP, followed by run 2 with

g L' at 6% (w/v) sucrose, 1 mg'LIAA and 0.5
mg L* BAP. Low biomass around 18 to 19 ¢ was
obtained in runs 1, 6, 9, 14 and 16, where theosecr
level was noted lower than 4% (w/v).

Pareto chart (Fig. 1), shows that sucrose is the
dominant positive factor in cell growth, but suaes
sucrose interactions could have a significant negat
effect. Regression of experimental data gives s®con
order polynomial equation as follows:

mg

DW=-23.6+14.5x+6.43%—4.98%—0.96x
—1.15%Xy- 0.24%X5+0.06% *—2.24%X5+6.60% > (1)
The multiple coefficient of determination,?R
81.4 % implies that the sample variations are
attributable to the independent variables. Optimum
values calculated using Eq. (1) are 66.8gsucrose,
0.84 mg L' IAA and 1.17mg [* BAP and the
predicted optimum dry cell weight was 28.1 ¢.L
These are close to 60 g'kucrose 1 mg £ IAA and 1
mg L™ BAP which obtained 27.4 g'ldry cell weight

Composite Design (CCD) generally consists of“a 2in Run 12. Surface response plot in Fig. 2 clearly

factorial with i runs, 2k axial or star runs denotedoas

and n center runs. There are two parameters in theoncentration can be further

design that must be specified: The distancef the

indicates that the maximum point for sucrose
increased and the
optimum sucrose level coincides with the maximum

axial runs from the design center and the number ofange tested (Table 2).

center points, 1 o (Star points) value is chosen such

Sugars could help regulate the expression of a

that the central composite design is rotatable lwhic significant number of genes especially the expossi
means that the value is at the same distance frem t of enzymes in connection with the biosynthesis,
design centé¥. a value depends on the number of utilization and storage of reserves, but could in

points in the factorial portion of the design that =
(ne). In this study, three factors (k =
considered resulting in 17 total number of runslgéd

shows the maximum, minimum, central, amdsalues
for sucrose, I1AA and BAP concentrations, respebtive

contrast repress the expression of enzymes invialve

3) were photosynthesis and reserve mobilizatin The role

of sucrose in promoting dry cell weight can be
explained by its effect on tubulin, a ubiquitoustgin
responsible for growth and development cefls.
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Tubulin controls cell shape and chromosome separati production appreciably probably due to higher
and provides cytoskeletal tracks for intracellularconcentration range selected as the lower sucens |
vesicular transport vidual and Incwl genes. In the (3%) had been reported to have all triterpenoids
i A [12]
absence of sucrose, these genes are not expressed @etected higher than 4 mg' W12,
the addition of sucrose turns on their expresson
Intracellular carbohydrate storage may elevate agty/
weight. In carrot cell suspension, intracellulacrage
and glucose concentration during early exponential A:sucrose
phase increases from 18 and 1@nol g* FW, AB
respectively, to almost 6Gmol g* FW at the end of
logarithmic phase when external sugar was still
available in the mediufff. In intact plant, sucrose is
found in the phloem and cell sap at a concentration C¢BAF
around 10 to 25% (w/A. Normally 2 to 3% (w/v) AC
concentrations are able to support growth and &t 4
10% (w/v) could increase product formation in plant
cell cultures. In a medium in which all nutrient® an
excess, an increase in sugar concentration willltrés i ,
a proportional increase in biomass but not necigsar Fig. 1: Pareto Chart for Standardized Effects of
the in secondary metabolite production. Utilizatioh Su_cr_ose, IAA and .BAP on Cell .DW oC.
sugar and other macronutrients are also influermed Asiatica Cell Culture in Growth Medium
the types and combination of PGRs.Ranax ginseng

Standardized Pareto Chart for DW

|
+

=0

2 . 6 .
Standardized effect

TAA=1.5

suspension culture, high IBA and 2,4-D at 10 amd@?

1 EET DW
L™, respectively, result in sucrose utilization omly :////57/’/ / W 18.0-18.8
28%; whereas at the 5 mg*LIBA and in the absence 0 B  -heew
of 2,4-D, almost 60% sucrose is utiliZ&l 08 W 204-21.2
The triterpenoids production in G medium cultures £ - ﬁ iéﬁiig
was generally lower than 2.5 mg*¢dOW except for — 228236
Asiaticoside which was detected highest at 4.26gmg e by
DW (Data not shown). Madecassoside was highest al  o0s

2.34 mg §' DW whilst Madecassic acid was detected
between 0.1 to 0.71 mg'gOW. AA was only produced
in Runs 4 to 10 at 0.2 to 1.4 mg' ®W. The statistical

models developed for all four triterpenoids shoeklaf

SUCTOSC

Fig. 2: Response Surface Plot of DW ©f Asiatica

fithess at 45.4 to 56.7 %. Although it is a sigrafit
factor for dry cell weight, sucrose did not affaciPs

Cell Culture in Growth Medium

Table 2: Central Composite Design Matrix Definingn@position of Sucrose, IAA and BAP, Their Codedués, Experimental and Predicted

Data of The Dry Cell Weight of C. asiatica Cell Cué

Sucrose, X 1AA, X2 BAP, % Dry Cell Weight
Actual Actual Actual Actual Predicted
Run (w/v%) Coded (mgh Coded (mg B) Coded (C15) (gLh
1 4 -1 1 -1 1 1 19.1+ 0.98 20.1
2 6 1 1 -1 0.5 -1 26.6+0.21 26.4
3 6.68 1.414 15 0 0.75 0 21.6+(F54 25.9
4 6 1 2 1 1 1 25.4+0.78 24.8
5 6 1 2 1 0.5 -1 25.3+1.009 24.8
6 4 -1 1 -1 0.5 -1 17.6+0.17 18.9
7 5 0 15 0 0.33 -1.414 22.9+2%1 23.9
8 5 0 15 0 1.17 1.414 22.4+0%4 24.9
9 4 -1 2 1 1 1 18.9+1.87 19.6
10 5 0 15 0 0.75 0 23.6+1996 23.2
11 5 0 15 0 0.75 0 21.1+0%4 23.2
12 6 1 1 -1 1 1 27.4+0.12 27.6
13 5 0 15 0 0.75 0 22.710.?59 23.2
14 3.32 -1.414 15 0 0.75 0 15.9+0.15 15.2
15 5 0 0.66 -1.414 0.75 0 22.6+(132 24.1
16 4 -1 2 1 0.5 -1 19.0+80 19.6
17 5 0 2.34 1.414 0.75 0 20.5+0%7 22.4

Values are means of duplicates with + standard®rro
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Fig. 4: Micrograph of 7-day-old Cells Cultured ihM Medium b) G Medium (100 X Magnification)

Figure 3 shows cells grown and harvested fromw/v) sucrose, 0.84 mg t1AA and 1.17 mg [* BAP

maintenance medium (M) and growth medium (G).to yield 28.1 g [* of cell dry weight, which was close
Cells from G medium were slightly darker as comgare tg the experimental values.

to M which was pale yellowish in color. The colarG

could be indicative of induction of flavonoids or

penniless as a result of stress due to the higtoseic

level at 6.68% (w/v) in G as compared to 3% (wiv) i
M. Figure 4 shows that the cells from G medium
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elongated cells in the M. Rounder cells may besalte
of high sucrose level which exerts osmotic pressure
the cells in G medium.

influx. Cell size expansion is also describedbys a
possible contributing factor for higher cell DWNAA

than 2,4-D inC. asiatica cell cultures initiated from 2-
weeks-old inoculum age and 6% (w/v) sucrose level.

CONCLUSION

Cell growth of C. asiatica was significantly 4

positively influenced by sucrose as a single fadttigh
dry cell weight was achieved at 27.4 ¢ utilizing 6%
w/v sucrose, 1 mg T IAA and 1 mg L' BAP. The

response surface model fitted to the data with %1.4 5.

IAA could affect cell size
expansion to provide more space for the high sugat.

2.

3.

fitness predicted optimum concentrations at 6.68%
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