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Abstract

This study was conducted to investigate the effect of
physical and chemical features on metabolic production
in plant cell culture. The best multiplication of Frangula
alnus Mill. shoots (8.84 + 1.11) was obtained on woody
plant medium (WPM) medium with indole-3-acetic acid
(IAA) (0.1mg I'") and 6-benzylaminapurine (BAP)
(1.0mg I'"), but the highest metabolite production
(1731 mg/100 g of total anthraquinone (AQ) aglycones)
was in the shoots grown on the MS medium with
addition of I-naphthilaceneacetic (NAA) (0.1mg 1)
and thidiazuron (TDZ) (0.1 mg 1™"). The best multipli-
cation of Frangula rupestris (Scop.) Schur. shoots
(6.20 £ 0.53) was obtained on MS medium supplemented
with BAP (0.5mg 1™"). The highest metabolite production
(451 mg/100 g of total anthraquinone aglycones) was in
the shoots grown on medium with 2.4-D (0.1 mg I"") and
BAP (0.5mg I'"). For the multiplication of Rhamnus
catharticus L. shoots, the best results (2.8 +0.7) were
obtained on the medium with combination of 2,4-D
(0.1mg I'") and kinetine (Kin) (1.0 mg I'"). The best syn-
thesis of anthraquinones (AQs) (1205mg/100 g of total
AQ aglycones) was in the shoots, which were grown on
MS medium supplemented with 2,4-D (0.1 mg ).

Keywords: Anthraquinones production, Frangula alnus,
Frangula rupestris, propagation, Rhamnus catharticus,
shoot cultures.

Introduction

Plants from the Rhamnaceae family (Fragulae cortex,
Purschianae cortex, Rhamni fallacis cortex, Rhamni cath-
artici fructus) are a source of drugs with laxative action.

Laxative action is based on the presence of emodin-type
anthraquinones (AQs). During the past few years, pro-
duction of emodin-type AQs by in vitro cultures of some
Rhamnaceae plants has been studied. The aim of our
study was to examine the possible influence of type of
culture as well as influence of different chemical, physi-
cal, and biological factors on the production of emo-
din-type AQs by in vitro cultures. Once established, this
technique can be used for large-scale production of nur-
sery plants with selected features or biomass for the
extraction of metabolites. Here will be presented the data
on shoot propagation of Frangula alnus Mill., Frangula
rupestris (Scop.) Schur., and Rhamnus catharticus L. In
addition, the results of quantitative analysis of AQs
synthesized by them will be given.

Materials and Methods

From the surface-sterilized fruits, the seeds were sepa-
rated from the pericarp, and the zygotic embryos were
excised from seeds (Sajc et al., 1999; Kovacevi¢ et al.,
2000). After germination of zygotic embryos, shoot cul-
ture was established from epicotyl on medium containing
mineral salts and vitamins according to Murashige and
Skoog (1962) (MS) or woody plant medium (Lloyd &
McCown, 1980) (WPM), with addition of 3% (w/v)
sucrose, indole-3-acetic acid (IAA) (0.1 mg I'"), and
6-benzylaminopurine (BAP) (1.0mg 1'). Medium was
gelled with 0.7% (w/v) agar (Torlak, Belgrade). The
pH of the medium was adjusted to 5.8 prior to autoclav-
ing at 114 °C for 25 min. The cultures were maintained in
Erlenmeyer flasks, containing 40ml of medium, in 4
weeks of subculture period. They were kept at 25 4 2°C
on 16h photoperiods, at a photon flux density of

Accepted: March 21, 2005

Address correspondence to: Nada Kovacevi¢, Faculty of Pharmacy, Vojovode Stepe 450, 11000 Belgrade, Serbia and Montenegro. Fax:

(+381 11) 3972840; E-mail: nadak@pharmacy.bg.ac.yu

DOI: 10.1080,/13880200590963691

© 2005 Taylor & Francis Ltd.



‘wnipawr jue[d Apoom ‘INJA\ SuoInzerpry) ‘ZL Pk oneoeoudde[yiydeu-1 Yy N Qunduny ‘ury (proe sroueing-¢-aopul ‘ygj proe
J1120.-¢-9[OpUl ‘Y] ‘ourure-g-uund-H--(JAuding-g-[Ay1ouw-¢)-N ‘dI-g ‘proe ondoe-(Axousydoroyarp-1°7) ‘-z uundourmwe[Azuaq-9 ‘gvyq ‘sououmbeiqiue ‘sQv
duorosAyd ‘yd ‘jourydos£1ydo Yo furpowd ‘9 ‘{urpowd 20k ‘v
"SUOIRUTULIINOP I} JSBI] B JO UBIW JY) ST aN[BA JorH

1'09 L0t 0l Ts g6vl 9 /¥S (0€) 68°0 F +T'8 dvd 18ws o +VvVI I 5w 600
6'1S Syl 9°0¢ 0¢ 8STI 99/t¢€ @) ITTF+88 dve [ SWQ [+ VVI 5w [
6Ly vyl L'1g 0 LOOT €v/LS — dig 18w oz+ VYN I Swgo
L'8S L6l €91 €S 3¢8 $9/s¢ — dvd 13w z+VVN 3w
9%S 661 I'1¢C vy 08S1 €S/Ly (@) SFOFITS dvd ;13w 1+ VVN 5w 9 NdM
6'L9 '8 L'1T 0C €05 79/8¢ SDSYOF LYY dvd 13w¢ o +VVI | 5w g0
$'89 8Ll 1'6 9 €9 €v/LS (ST) 8L'0F 00°S dvd, 18w+ VVI [ Sw [0
9°€9 091 $'SI 6 169 TS/8p (SD 6L0OF L8V dvd ;13w T+ VVN 35w 9
v'L9 01¢ €L €r 91¥1 /98 0L P70 F¥I°S ZAL 18w+ VYN 3w [0
€€l (A4 9¢ 6'1 9201 $€/59 (0%) 650 F S9°L ZAl 1 8ws 0+ VYN I Su [0
I'SL L'¥1 v'9 8¢ 1€L1 S€/s9 (85) S€0F o€ ZdL 18w 0+ VVN 8w [0
009 'Sl 161 8¢ €€8 €S/Ly (T 890 F€c¢ dvd 18w +d-+C 18w
01 8°0L 8yl (7 €1Tl 6v/18 (@) sr0F9TS dvd 1 8ws 0+ VYN I Sw [0
69 791 (43 LY vLT] 99/t¢ (81) 9T0FSS'I ury] [ 3w+ VYN [SW 0 SN
yd o e] Je 3 001/Sw (%) (s300ys jo 1oqunu) S1038[N3a1 IMoI3 Jur[d SJJes [eIUIA

(%) SoUO02A[3e UIM]dQ OTjRI PUR SAU0IK[SE OV [B10} JO 1UAUO0D)

Sou0oA[3e papunoq
/901] U29M)2q
uoney

(S F x)

uonedrdnnu Jo xapujy

'sOQV Jo uononpoid pue sjooys snuyp  Jo uoneddninN 7 gL

421



‘wnipaw jue[d Apoom ‘INJA\ ‘UoInzZerpry) ‘ZqL Pre dneoedudde[yiydeu-1 VYN Ounaun ‘ury {proe sgrouring-¢-a[oput
VI ‘proe d1doe-¢-9[opul ‘Y] Qurwe-g-uund-H-1-(JAudng-g-[AyIow-¢)-A ‘dI-g Proe o1ade-(AxoudydoIoyaorp-+°¢7) ‘-z duundourue[Azuag-9 ‘dvyg sououmberyue sQvy
-ouordsAyd ‘yd fjourydosAIyo ‘Yo ‘UIpows ‘9 ‘UIpoOwWd 0[e ‘OB

"SUON BUTULIANOP 9211} 1SBI[ 1B JO UBIW 1) SI dN[BA oY
‘uoneordnnur noyim A

6'Ch LSy e 0'8 99T vT/9L (ST WM ury _[8wg 0+ VYN [ SW[Q
€6 9Ty 8°C S g€ TT/8L (SD 0T0F €60 ury ] 3w
'Sy 8’1t €'c 86 76T 12/6L (00) ¥T°00 F 06'1 ury | Sw
L'SY 9Ty 8y 69 ISt vT/9L — dvd 18w¢so+aT 18wio
0t €Ce 9°8 161 0L ss/sy — dvd 18w +a+T J8wio
6Ty LSy 9°¢ L'L 6LT TT/8L (S WM VVN I 3wgo
LSy 1°6¢ 08 L 98¢ LE/€9 (50 WM VVN 1 3wiQ
6'CS v'LE 9°¢ 19 0S¢T 6/16 (SD €S0FLTT dvd 15wQ]
9°¢S 0°s¢ 0°s "9 SLT 01/06 (ST €S°0F 079 dvd 13wg¢o
6'9% (N4 43 9‘9 60€ 01/06 (00 T¥'0F 0TC dvd (13w [+VVN [3wgo
€08 I'ly 7 7 4%3 6/16 (€€) SE0F+9°€ dvd 18w+ VYN 15WiQ
1'6v T8¢ €9 9 €€¢ 81/T8 (00 190 F S6°¢ dvd 1 8ws o+ VVN ] Swgo
['vS 0°s€ 97 9 LTT 01/06 (0€) 9¢0F LT°€ dvd 18w+ VYN I5wiQ
yd o 2 e 8001/3w (%) seuook[3e (sj00ys jo roqunu) SN s10je[ngar yimolis jueld

(%) SQUO02A[3e U2IMIDq OnjklI PUB SAUOIA[SEe OV [B10] JO JUUO)D)

papunoq/aa1j

ugaM)aq UOTIB[Y

dS F X % uoneordnnw

Jo xopuj

'sQV Jo uononpoid pue sjooys

stysadna ] Jo uoneddnmN ‘7 9jgrL

422



‘wnipaw jue[d Apoom ‘INdM SU0INZeIpiyl “Z.L Proe on2oedudde[yiydeu-1 Yy N Qunouny| ‘ury {poe dsloueing-¢-d[opur

VI ‘Proe ondoe-¢-9[0pul ‘Y] ourue-g-uund-H-1-(JAuding-g-[Ay1ow-¢)-A ‘dI-g proe onde-(Axouaydoioyorp-+7) ‘-z duundourue[Azuaq-9 ‘qyyq sououmberypue ‘sQvy
duordsAyd ‘yd (JoueydosL1yd Yo ‘urpowd ‘9 ‘{urpowrd 20k ‘oe

"SUONBUTULIAIOP 21} ISBI[ 1B JO UBIW ) SI IN[BA oY

9¢ TyL 791 8¢ 91L vL/9T (SD 170 F 9T VVI I 8wo+dvd ] Swo[
$C $'69 8'6T T 0L11 8S/T (01) 9TF 00T dvd (18wo+d-+'c 18wy
0'81 161 6'9S 09 109 69/1¢€ (91) TS0 F 18T ZAL (18W[0+VVN _I3wiQ
6'1 995 8'8¢ L't 0STI1 L9/v€ — vl 13w
0¢ 69 LSt 6'1 TLIT 8S/Tr (01 9T0F 00°1 a-+'c (13wgo
6'1 L'89 I'LT €T S0TI 65/ 1% (01) 6T0F T'1 d-+'c 18w
Te S'6L v'Sl 6'1 8L 09/0% (01 0L'0F 08T ury] | [Swo[+d-'c 13w
0L v'Cl €'8L €C 60L 0L/0g (0%) 810 F 9T’ ury [ Swo|
€T 69 9°6C LT 769 95/ (ST SE€0 F00'T ury] [ SWwQ [+ VYN [ Swgo
€'¢S 099 1'8C 9T 143 6/ 1t (b1 €0 F €T'T ury] | [SwWwQT+VVYN [3w[Q
LT vTL €'TC 9T 019 LS/ (0D ¥70F 0T’ VVN 13w
LT T 9'TT 9T L9L 8S/t LV zco Feut VVN ;1 3wgo
I'e 679 $'LT $'9 (443 €6/L (SD#roFeELT dvd ,15wgso
I's L'99 6'CC €¢ LTy 0L/0¢€ (02) LEOF SH'T dvd ;13w
8T I'L9 0'8¢C I'e 088 €L/1T WD P 0FELT dvd 1 SWw¢ 0+ VYN | Swe
6'1 79 €ce v'e SLL 8L/tt (S TTOF 80 dvd [ 18W¢0+VVN 13w Q
97 $'89 v'LT ST €€01 89/t¢ (SD TroFor1 dvd 13w+ VVN [ I3wgo
(4 L'SL 061 I'¢ €L01 /8 (69) 81°0 FOL'I dvd [ 13WwQ[+VVN [ [5W]Q
yd o e} e 3001/3w (9%) souook[3e (sy00ys Jo roqunu) SN s103e[n3ar yImoIs Jued
papunoq/aa1y As Fx)
(9,) SoUO02A[3e UMD OIBI PUB SAUOJA[SE OV [BI0) JO JUUO)) U2aM19q uoney uoneddnnu
Jo xapuy

'sQV Jo uonponpoid pue s100ys snoizipyino 3y Jo uoneddnny € 9jqu[

423



424 N. Kovacevi¢ and D. Grubisi¢

30pumolm 2s! provided by white fluorescent tubes
(65W, 4500K, Tesla, Pancevo). Later, for the experi-
ments of multiplication, MS or WPM media were supple-
mented with different combinations of plant growth
regulators. Index of multiplication presents a number
of new shoots obtained at each explant after 4 weeks of
growth.

Qualitative (Borntriger test, TLC, and HPLC) and
quantitative analysis of AQs (HPLC) was done as
described previously (Sajc et al., 1999; Kovacevic et al.,
2000; Kovacevi¢, 2001).

Results and Discussion

The best multiplication of F. alnus shoots, grown on MS
medium (7.65 + 0.59), was obtained under treatment with
1-naphthilaceneacetic acid (NAA) (0.1 mg 1~ ') and thidia-
zuron (TDZ) (0.5mg 17'), but the highest metabolite
production (1731 mg/100 g of total AQ aglycones) was in
the shoots treated with NAA (0.Img 17') and TDZ
(0.1mg 1~ 1"). Shoots that were grown on WPM gave better
multiplication (8.84 + 1.11; 0.1mg 1™ TAA+1.0mg 17!
BAP), but production of AQs was lower (Table 1). In com-
parison with the intact plant, shoots of F. alnus grown in
vitro accumulated more free AQs and derivatives of phys-
cione dominated; emodin is a main component of the
metabolite complex in the leaves and bark of F. alnus from
the natural population (Kovacevi¢, 2001).

The best multiplication of F. rupestris shoots
(6.20 £ 0.64) was obtained on MS medium supplemen-
ted with BAP (0.5mg 17"). The highest metabolite pro-
duction (0.45% of total AQ aglycones) was in the
shoots grown on medium with 2,4-D (0.1 mg 17") and
BAP (0.5mg 17"). In the shoots of F. rupestris grown
in vitro, AQs were mainly in the free stage (Table 2).
Derivatives of physcion and chrysophanol dominated
in the shoots of F. rupestris grown in vitro, and pro-
duction of AQs was better than in the intact plant;
as determined previously, derivatives of aloe emodin
and chrysophanol are dominant in the intact plant
(Kovacevic, 2001).

For the multiplication of R. cathartica shoots, the best
results (2.8 0.7) were obtained on MS medium with
combination of 2,4-D (0.1mg 17') and kinetine (Kin)
(1.0mg 17 ") (Table 3). Similar multiplication was obtai-
ned on medium supplemented with NAA (0.1mg 1)
and TDZ (0.1 mg 17'), but these shoots were “aqueous.”
The best synthesis of AQs (1205mg/100g of total AQ
aglycones) was in the shoots, which were grown on MS
medium supplemented with 2,4-D (0.1 mg 17'). Deriva-
tives of chrysophanol and emodin dominated in the
shoots of R. catharticus grown in vitro.

Conclusions

The main differences between in vitro cultures of all
investigated species and the intact plants were the pres-
ence of more free AQs and significantly less quantities
of glycosides in the aseptically grown shoots. In addition,
in vitro cultures accumulated more derivatives of chryso-
phanol and physcione than the leaves, bark, or fruits of
Frangula and Rhamnus species from natural populations.
The quantities of AQs were smaller (or similar) than in
the bark of F. alnus, but 2-6 times higher than in the
leaves of this species. The production of AQs in the
shoots of F. rupestris and R. catharticus was better than
in the intact plant (Kovacevi¢, 2001). The similar results
in production and composition of AQs complex were
obtained for the shoot culture of Rhamnus fallax Boiss.
(Rosic¢ et al., 2000).
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