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Abstract
Objective

One of the most important methods for increasing the production of secondary metabolites is the
use of elicitors in plant cell culture. A biopolymer made from D-glucosamine units, chitosan can
be found in the cell walls of fungi and the exoskeletons of arthropods. Plants respond to chitosan
treatment by generating defense responses, increasing antioxidant enzyme activity, accumulating
phenolic compounds, and releasing flavonoids. In the current study, chitosan was used as an
elicitor to induce the production of phenolic acids in Lactuca undulata cells suspended in a liquid

medium.

Materials and methods

First, cell suspension culture was prepared from 45 day old callus derived from leaf explants of
Lactuca undulata on %> MS medium supplemented with 0.1 and 1 mg/L 2,4-D and Kin. The effect
of different concentrations of chitosan (0, 50, 100, and 200 mg/L) on cell suspension was

evaluated during 24, 48, and 72 hours. After harvesting samples, the percentage of cell viability,
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total phenols and flavonoids, chicoric acid, chlorogenic acid, and caffeic acid contents, as well as
phenylalanine-ammonia lyase (PAL) activity and lipid peroxidation were measured.

Results

In the present study, we found that the concentration and duration of chitosan treatment affect the
production of phenolic compounds (including chicoric acid) in the Lactuca undulata cell
suspension culture. After 24 hours of treatment with 50 mg/L chitosan, chicoric acid levels had
increased 2.8-fold compared to the control. After 24 and 48 hours of treatment with 200 mg/L
chitosan, the highest levels of chlorogenic and caffeic acids were observed. Furthermore, the
present study found the chitosan treatment resulted in an increase in the amount of phenol and
total flavonoids as well as an increase in PAL enzyme activity. Chitosan induces lipid

peroxidation and reduces cell viability in high concentrations, indicating a negative effect.

Conclusions

The present study found that low concentrations of chitosan could induce chicoric acid production
in Lactuca undulata cell suspension cultures, which can be utilized in the pharmaceutical industry
as a new method in the production of chicoric acid and its derivatives.
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Y/ ¥) a4 s o sine I3 (15 8L p)S 13 a3 13 (5155 el Salizer Jgng o YIFV) i 2l 13 p)5 Sl
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Ol 31, PAL Colled uly ol 53 ljgi o8 a3 0n o5 3l (slaosly (o€ JS5) sle 3 ol PAL
5 ol KBS (S 3539536 5 18 e G2 o Jlis & 5 PAL el (l33l 455 oo S50 e (53005 ks
Mejia-Teniente et al. ! 5l i cool 5558 b Hloss 53 Adgibgp Jud fiw yume i Jled odianilis ] olinde
Landi sgs, . Capsicum annum olS ;s PAL 51 cullsd ¢ 5 olo il 38 cam olig0S lows a5 250l o5 (2013)
g PAL 5 olo 3 splp ¥ Gl 38l cam ) (558 b (55,8055 ogue Hlaws a5 53,8 (5155 55 (2014) Landi et al.
cble L (Linum usitatissimum L.) oS Jolo <8 o g o0 ol V¥ 5l sm oo 3l opl culled ol ¥ il
Gl 015 ol YF 51 am PAL clld )3 sl 0 Gl33l 5 bpliS e Gal3dl e 3 oligisS j2d 5o p)S ko Vo
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<olp ¥ Liliél (2009) Chakrabortya et al. yuses (Singh 2016) 54 0 PAL clé sl ¥ iol38l el
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Figure 2. A) The percent of cell viability in cell suspension culture of callus derived from
leaf of Lactuca undulate under treatment of different concentrations (50, 100 and 200 mg/L)
of chitosan during 24, 48 and 72 hours. Data are means +SE. Columns with different letters
indicate significant difference at p<0.05, according to Duncans test. Cells staining with
trypan blue after treatment with different concentrations of chitosan: B) 0 mg/L (control),
C) 50 mg/L after 24 hours, D)100 mg/L after 72 hours and E) 200 mg/L after 72 hours
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Table 1. Data analysis variance of mean difference of cell viability, total phenol, total
flavonoid, cichoric acid, chlorogenic acid, caffeic acid, malondealdehyde amount and PAL
activity in cell suspension culture of callus derived from leaf of Lactuca undulate under
treatment of chitosan different concentrations (50, 100 and 200 mg/L) during 24, 48 and 72

hours. Data are means +SE

Sum of Squares  df Mean Square F Sig.
VIAB Between Groups 12334.306 11 1121.301 171.046  .000
Within Groups ~ 157.333 24 6.556
Total 12491.639 35
PHEN Between Groups 5711.708 11 519.246 73.255 .000
Within Groups ~ 170.116 24 7.088
Total 5881.824 35
FLV Between Groups 4371.432 11 397.403 73.125 .000
Within Groups ~ 130.430 24 5.435
Total 4501.862 35
CHIC  Between Groups 210.165 11 19.106 39.930 .000
Within Groups ~ 11.484 24 478
Total 221.648 35
CHLR Between Groups .459 11 .042 22.829 .000
Within Groups .044 24 .002
Total 503 35
CAF Between Groups .660 11 .060 80.172 .000
Within Groups .018 24 .001
Total 678 35
PAL  Between Groups 3.297 11 300 10.461 .000
Within Groups .688 24 .029
Total 3.985 35
MDA  Between Groups 224.128 11 20.375 16.892 .000
Within Groups ~ 28.948 24 1.206
Total 253.076 35
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Figure 3. The amount of A) total phenol and B) total flavonoid in cell suspension culture of
callus derived from leaf of Lactuca undulate under treatment of different concentrations
(50, 100 and 200 mg/L) of chitosan during 24, 48 and 72 hours. Data are means +SE.

Columns with different letters indicate significant difference at p<0.05, according to
Duncans test
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Figure 4. A)The amount of malondealdehyde and B) PAL activity in cell suspension culture
of callus derived from leaf of Lactuca undulate under treatment of different concentrations
(50, 100 and 200 mg/L) of chitosan during 24, 48 and 72 hours. Data are means *SE.
Columns with different letters indicate significant difference at p<0.05, according to

Duncans test
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b S Jo )3 5938lisy oo o 4) L3l ljre ol sl Jpuammo cal A5 diej 3 potune slasyglys 5 o) o illy
Gl o5 g M (LS sl ololis .cuwl gy i slacus,d dles 1 aas sl 65eiS @)l 5 i Hlb edle ol (ol
o il 3 sl g @lie 53 (S)n 8 0551 L osle cnl Mg Gl e e oty Sl S g S0 eSed el
o9 9 e (2L lege coall il o 4gb clacdplie Mg e ol gl dles I alS Jolo g 8l cutS
ez anlio Jho S lsis 4 olS ol 31 3o ol )3 IS o ) S aome Lyl 5 g a0 0 Sl 4 oSl )
sl CLALE oS Jm3 o L5 o sy pp sl 05 03litas] bl S Lyl yid 5 i5S siand] ) olias] dpesl S 5505 )55
S oplpls (Ahmad et al. 2018) 5y 456 GluS 5 zess b dlayly )3 oS sl @i 3 ge Sl BLS 465 s
@l 4 29 b adbiee jlod gloj e 5 gl cuslie clale QLT asl S 5 Wy L dal) > Lol sl iy )

Yk glaclle > Jsho clalie 4 apnl 5 asbo Spo I3l L olyan dpul S5 (20l gy ol 51 Jeol>

1

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



._JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJF._
Y€+ (), K02 o 3 0 0uiuin
‘ol 9 (§2)Po

L O L e . R R R R R R R S

Olpin Jlowi sl V¥ (loj o b oljgS” 32 )3 )5 (e 00 Cale cplplly 2amd 00 &5 low Gloj e HRIBIL 5 (5988

“0 =50 =100 =200 B N =0 =50 =100 =200 &)

o 0.6 12
- - 2
a ; 3
o L ?n 10
S is
= 6 < ¢ 7
g be ] %
o 0.3 bed gy | S 6
2 g
[ i)
o0 0.2 g 4
£ 2
=2 e
51 2
5 o1 8]

0 0

24 48 48
Treatment duration (hour) Treatment duration (hour)
=0 =50 =100 = 200 )
0.5 a

S
=

Caffeic acid (mg/g DW)
=) =)
(3] w

e
-

L.

cod
g .
i €

48 72
Treatment duration (hour)

=)

9 Johw gmmilwgan 53 gl S (C g apl Sijo 5 (B vl S y98ami (A ladio .0 JSS
Yoo gYev 0e) oliens ibe gedalé bl 5o (Lactuca undulate) jlasge s9l5 Sy 5l Juols
1 glite gy ! S5 ¥ il Jeols gl sl VY g £A FE iboj 05,3 (5 43 o5 slao
Ol 002 (LS (ygiaw 2 ol ST1D (99031 4 4295 U (P<0.01) 15 izo iglds i Ui i 2

ol jluro Bl 5 2 Laoal

Figure 5. The amount of A) cichoric acid, B) chlorogenic acid and C) caffeic acid in cell
suspension culture of callus derived from leaf of Lactuca undulate under treatment of
different concentrations (50, 100 and 200 mg/L) of chitosan during 24, 48 and 72 hours. Data
are means +SE. Columns with different letters indicate significant difference at p<0.05,

according to Duncans test
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