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ABSTRACT

The calius™ef AreangelisiatflavasMerr.4was cultured in“Vitro by tissue culture
technique to produce alkelotds: It ‘was found that*revised-tobaceo (RT) medium plus the
combination of 2 mg/l naphthalenesacetic acid (NAAj)»2°mg /| indole-3-butyric acid (IBA)
and 1 mg/l 6-furfurylaminopurine (kinetin) was suitable for culturing callus of A. flava. This
culture could produce berberine similar to nature. The production of berberine was increased
in culture grown on medium plus either coconut milk or casein hydrolysate. However, the
production of berberine was decreased in culture grown on medium plus citric acid. The
production of berberine was high in callus culture grown on coconut milk containing medium.
The addition of manipulating agents such as tyrosine, manganese sulfate and aluminium
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sulfate in A. flava callus culture increased the berberine contents. Nevertheless, the callus
could not grow on colchicine containing medium. A. flava in vitro culture produced highest
berberine when either aluminium sulfate or tyrosine was added. The intensity of yellow color
was the indication of amount of alkaloid production. The repeated selection of yellow callus
produced high berberine contents.
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However, the berberine mostly accumulates in A. flava roots and it takes approximately 5
years to produce a proper high alkaloid containing roots. Thus, the application of tissue
culture techniques for culturing of A. flava in an artificial media was studied to shorten the
period of growth and to increase the percentage of berberine by in vitro culture. In addition,
this investigation would elucidate some basic knowledges of biosynthetic pathway of certain
alkaloids in A. flava in culture condition.
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MATERIALS AND METHODS

Plant material

Various parts of Arcangelisia flava Merr obtained from Chanthaburi Medicinal
Plants Garden, Medical Science Departme stiy.of Health, Changwat Chanthaburl and

manipulating agent was u

* naphthalene acetic acid
** idole-3-butyric acid
*** 6-furfurylaminopurine
***% 6.benzyl-aminopurine
##*44% 2, 4-dichlorophenoxy acetic acid

J. Natl. Res. Council Thailand, 1989, 21(1)



Establishment of in vitro cultures of A. flava

Method of culture initiation: Healthy-looking stems, petioles with basal of leaf
and leaves were surface sterilized. The green aseptic plant parts were aseptically transferred to
revised tobacco (RT) medium. They were incubated in dark cabinet at 27 + 1 °C to establish
the callus cultures. The established callus cultures were then maintained by subculturing to

fresh medium every 4 — 5 weeks to obse
Method of : anid maintain f ingvitro culity All cultures were reared
and maintained b ; w Wﬁd ydzn . The
i atedﬁ look im
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The percentage of survival was measured by visual examination and estimation of
the amount of healthy-looking callus remained on the medium each week.
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Water content

The water content was measured by weighing 10 bottles of uniform callus, and
drying the tissue in a hot air oven at 60°C until dry. The dried weight was measured and the
water content, calculated.

Phytochemical detection

alkaloids. reesugar and glycosidie
sugar, and wi ¢ t.ste v

a so chroma

a:‘ a0l : ;3 (9:8:
and analysed by TLC scanmer, by« escence’r fl C[lOI‘l mode at excitation wavelength of
254 nm.

Assay of berberine in A. flava in vitro culture: The methanol extracts of A. flava
tissue cultures were prepared and analysed by using ethylacetate : isopropanol : conc NH,
(9:8:3) as the mobile phase. The spots were determined with a TLC scanner by fluorescence
reflection mode at an excitation wavelength of 254 nm.

J. Natl. Res. Council Thailand, 1989, 21(1)



Statistical analysis : Results are given as mean (g% w/w) and %CV*, unless
otherwise indicated. Analysis of the difference between two means was performed by using
student’s t-test with the level of significance P < 0.01. Significant analysis of more than two
experimental groups was performed by using ANOVA and LSD with the level of significance
P < 0.01, unless other level indicated.
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media eventually turned to b ;
due to the toxic effect of phenolic compound umulated in the media. After continuous

subculturing for a year, the callus culture gradually turned to healthy-looking, produced
yellow color and grew fast. The callus grown on medium plus coconut milk was easier

*CV, percentage of coefficient of variation = sta_ndarddew x 100
mean
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maintained and more healthy-looking than other calli. By visual detection, all calli grown on
medium plus organic supplements grew fast and were yellow. However, thg yellow callus on
medium supplemented with citric acid turned to pale yellow and later white within 5 generations.

The cells grown on all media were unlignified parenchymas with thin walls. Starch
grains and yellow droplets were found in all calli. These starch grains gave black blue color
when contacted with iodine water. atterly found in only the medium plus
coconut milk. When Dr s'reagent was added;-the Cellspturned orange. It was thus

n
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The growth rate was determine kKlIy by the increasing weight of the callus in
the period of 10 weeks. The maximum growth was reached within 6 — 8 weeks (Figure 2). The
percentage of survival was maximum within 5 —6 weeks. Generally, the optimum percentage
of survival corresponded to the period of maximum growth. However, at this period the
callus was weak and had a light brown color. Thus, subculturing was made during the 4th op

5th week.
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Among the calli grown on medium plus different organic supplements, the growth
rates were similar. Surprisingly, the growth rates of callus on medium without organic
supplement were higher than those tissues in medium with organic supplement. However, the
coefficient of variation of harvested callus weight per week was varied significantly and in
some cases they were up to 50%.

Percentage of water content in

eeks on solid medium

ﬂ! g urown’ fo
tel ?‘able 2)-Mhe additive either
q o.effect on t@)er entage of water

water : conc NI-I3 (8:1¢
used throughout the experi eparate standard alkaloids e.g.
berberine, palmatine, columbamine and Jatrorrhxzme and could also separate the compounds
from various parts of A. flava. However, this mobile phase could not clearly separate
compounds of A. flava extract in methanol. When various mobile phase systems were tried, it
was found that methanol : isopropanol : conc NH, (8:1:1) and ethylacetate : isopropanol :
conc NH, (8:5:5) seemed to be good mobile phase systems. The ratio of solvents in each
system was thus varied and it was found that ethylacetate : isopropanol : conc NH, (9:8:3)
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was the best mobile phase.

Selection of optimum concentration: A nonlinear relation between berberine
concentration and response determined as peak area, was observed over a concentration range
of 200 — 4,400 ug/ml (Figure 3). However, at low berberine concentration, there was a linear
response over the concentration range of 60 —400 ug/ml either in fluorescence or absorbance
measurement (Figure 4). Thus, this concentration.zange was selected for the determination
of berberine in A. flava. Though, the-stafidard-berberine¥and, berberine in A. flava was
separated as streaks,qthe berberine in A™ylgvacalius was not-separated as such over the
concentration range of 160 =500 ug/ml. “This might Be'due tofother ingredients presented in
the sample. Fhis‘berberine could be-separatedsas.a.streak.at the concentrationniet more than
120 pg/ml.

Comiparisoensbetween 2 methods of berberine extraction:. Chromatograms of
standard atkaloids shown in Figure 5 indicated that berberine was clearly separated from
columbamine, /jatrorrhizine and palmatine.  The retention time of" columbamine,
jatrorrhizine, palmatine and berberine were 0.85, 0.85, 0.07 and 0.11, respectively. Thus,
methanol : water : conc NH3 (8:1:1) was chosen as an appropriate mobile phase., Regarding
to berberine content, Table:3 showed no difference between these two methods at 0.01 level of
significance. The TLC chromatogram visuallized by UV light and Dragendorff’s spraying '
reagent showed that there was no difference in alkaloid composition. Time taken for
complete extraction were 6 days and 3 — 5 h for maceration and soxhlet extraction, respectively.
Therefore, the latter method was selected for extraction purpose.

Percentage of berberine in various parts of A. flava and commercial Khamin
khruea: The content of berberine was highest in roots at the concentration of 4. 3229%. Its
content-was sharply reduced to 0.1720% in stems. However, it was found that berberine.was
not present in leaves (Figure 6). When berberine wasadded to the leaves, it was well resolved
from other leaf constituents because silica gel 60G plate with concentration zone was used as
stationary-phase and ethylacetate : isopropanol : conc NH3 (9:8:3) was used as mobile phase.

The, content of berberine in commercial Khamin khruea was‘shown in Table 4.

The percentage6f berberine in these commercial Khamin khruea were more than tengimes of
that in ANflava Stems- However, they were about half of that inits reats. LCompare among
different soureesy,it was-Seen thiat the.pereentage:of berberiniesift Khamin khrued bought from
Po-ti-pra-did traditional drug sfdreswas not-different from that from ‘‘Song=vait’’ traditional
drug store at 0.01 levélof Significdncé. { hepereentage of berberine indKhamin khruea bought
from ‘‘Chao-krom-per”’ traditignal'drug.store was less-thafi thatfrom other two stores at 0.01
level of significance.

Percentage of berberine in A. flava in vitro culture: Figure 7 showed
chromatograms of standard alkaloids when ethylacetate : isopropanol : conc NH, (9:8:3) was
used as a new mobile phase. The retention time of columbamine, jatrorrhizine, palmatine
and berberine were 15, 14, 21, 27 respectively. Thus, it was seen that berberine was clearly
separated from columbamine, jatrorrhizine and palmatine. In addition, the berberine in
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A. flava culture was well resolved from other constituents.
1. Percentage of berberine in in vitro cultures grown on medium with additive

Callus grown on medium without additive contained 0.3720-—0.6900% of
berberine on dry weight basis (Table 5). The callus grown on this medium generation 19 yielded
maximum percentage of berberine (0.6900%) which might be due to continuous selection of
yellow callus. There was no differencefif"berberineiconient among yellowish healthy-looking
callus generations 11 —Jd@Finhealthy-looking callus generatioms, 10, 12, 15 and brownish
callus generation 13"at.0:01 Jexeloflsignificance. 4 aldition, brownish, callus contained the
same amount@f berberinelasihealtiy-looking callus at 0201 Jevel of signifiéance. However, it
was diffegént.onty. at 0.05 level-of significance.™ Thus;.the.callus might be collected as fresh
viable €allus ordead callus®” However, the viable callus was-prefefred, because it could
continually grow.and be collected.

Callusfgrown on medium plus coconut milk contained 0.4875—0.8758% of
berberine on' dried weight basis (Table 6). The addition of coconut milk was found\to
increase the production of berberine. As the callus was repeatedly subcultured and selected,
the content of berberine was increased. When the callus was not selected in generations 12
and 13 the content of berberine was decreased. There was also no difference between
brownish callus and yellowish healthy-looking callus grown on medium with coconut milk
generation 8 at 0.01 level of significance.

Callus grown on medium plus citric acid contained 0.1740 — 0.3746% of berberine
on dry weight basis (Table 7). The percentage of berberine in healthy-looking callus grown on
medium plus citric acid of the 37d — 4th generations was not different from yellowish healthy-
looking callus grown on medium without additive in the 11th —3th generations which was
served as control at 0.05 level of significance:. Though the yellowish healthy-looking callus
wasrrepeatedly selected due to high berberine content, and repeatedly subcultufed omto
medium-plus eitric acid, the content of berberine was gradually decreased.

Callus grown on medium plus casein hydrolysate contained 0:4844 —'0.5744%, of
berberine “onrdry ‘weight basis (Table 8). The production of berberine ihmthis callus was
increased'when compared with the callus grown on medium withoutaddifive of thed1th — 13th
generations ‘at 0:01 1gvel of*significance.

2. "Rercentage of Besberine in iyitro cultures,growny ofrmeditumi’plus manipulating
agents ' "

The content of berbering jit*caltus-grown Gnmeditim plus aluminium sulfate in the
18t, 2nd apg 3rd generations was increased when compared with callus grown on medium
without a manipulating agent of the 10th generation which was used as control at 0.01 level of
significance (Table 9). The percentage of berberine in this callus was maximum in the 2nd
generation and was decreased in the 3'd generation. The maximum content of berberine in
callus grown on this medium (1.0574%) was superior to the maximum content of berberine in
callus grown on medium without manipulating agent (0.8758%) at 0.01 level of significance.
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The content of berberine in callus grown on medium plus manganese sulfate was
increased in generation 1 at 0.01 level of significance. However, berberine was decreased in
calli generations 2 and 3.

The callus grown on medium plus tyrosine in the 15t generation yielded lower
berberine than callus grown on medium without manipulating agent at 0.01 level of
significance. However, the content.ofyberberineswassincreased in the 219 and 37d generation
calli and the calli with_reot-bearing nodules. These-calli“éontained berberine more than
control at 0.05 levelyof sighificanece.4 The icallus with reot-bearing.nodules grown on medium
plus tyrosine fior two subeulturings yielded maximum percentage of berberine. However,
there was 1o difference between-the callussgrowmsoi, this.medium for-3 subculturings which
was subeulturedeither from.trie callus or callus with root-bearing nodules. Bothithe callus
with foot-bearing nodule grown on medium plus tyrosine for two subculturings and'the callus
grown on medium plus aluminium sulfate for two subculturings yielded.the same maximum
amount of ‘berberine at 0.01 level of significance.

When the callus was subcultured onto medium plus colchicine, its berberine content
was sharply'reduced. It was noticed from chromatograms in Figure 8 that many small peaks
appeared only in this callus. It was suggested that berberine might be degraded.or the
biosynthetic pathway of berberine might be changed so the content of berberine was decreased.

DISCUSSION

It is generally accepted that revised tobacco medium was suitable for growing a
wide-range of medicinal plant cultures?, therefore it was selected for the experiment.” The
combination of growth regulators as 2 mg/l NAA, 2 mg/1 IBA and 1 mg/1 kinetin N, 1K)
had been found to be optimum for Areangelisia flava Merr. in vitro culture establishment and
maintainance.

Inyorder to enhance growth and secondary product yield organic supplements such
as cocenut ‘milk,, citric acid and casein hydrolysate were supplied in media for culturing
A. flavaigallus, /By, vistallization, coconut milk was the-best, organic supplement for
enhancing growth.© The callus “grewn on_medium=plust cocomut milk” produced higher
berberine than that“en medium without drganic supplement, ) After-fepeatedly selection of
yellow callus, the content of berberine{was gradunally.incréased.~Thefcontent of berberine was
as high as 0.8758% in callissgzOWnon-medium-plusCogontit milk at the 11th generation.
Addition of citric acid decreased berberife"Content in in vitro culture. As the callus was
repeatedly subcultured onto medium plus citric acid, the berberine content was gradually
decreased. The medium plus casein hydrolysate showed promotional effect on berberine
production, but its effect was not as much as that on medium plus coconut milk.

Actually at first the circumstances of culturing medium shown, the medium turned
to brown and then black brown due to phenolic compounds produced and excreted to accumulate
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into the medium by A. flava culture. Though, these compounds were beneficial as the
precursor of berberine, they were toxic to callus. Thus, the callus grew slowly and turned brown.
However, after several subculturing, the culture became yellow and looked healthy which
might be due to its selection of resistant cell.

Actually, the percentage of survival was corresponded to the period of maximum
growth. However, the A. flava culture.was ingthat period. This may be due to the injury

ow, thus the ¢

'he intens ty of el

co sua | by i
the latter selection. By comparison wi

: -ion methoc‘: t of alkaloid in tiss

k of generation 7 contai
plus citric acid of

was more than that from basal © ;

content obtained from in vitro culture of A. flava was less than that from roots of intact
plant. It was found that the highest yield of berberine obtained from tissue culture was
1.0574% on dry weight basis which was about half of berberine obtained from commercial

* n = the number of samples
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A. flava. Though the content of berberine was less than that from nature, the application of
tissue culture techniques could shorten the period of growth. It would be most economically,
if promotion of the berberine production was increased. The result of this experiment should
provide the fundamental data for further investigation of in vitro berberine production.

CONCLUSION AND RECOMMENDATION

Thislexperiment, was'the.demonstration of i Vitro/cultivation ofedrcangelisia flava
Merr. It showed.that revised tobaccO.mediumsplus,the-combination of 2 mg/LNAA, 2 mg/I
IBA and T mg/IiKinetin (N;1,K) was suitable for culturing A, flava culiure. It demonstrated
that A, flava.culture grown on medium supplemented with coconutmiilk and' casein hydrolysate
produced higher berberine than that grown on medium without supplementybut the callus
culture grown on ' medium supplemented witk citric acid produced lower,berberine than that
grown on medium without supplement. The intensity of yellow color was\the indication of
the content of alkaloid production. Therepeatedly selection of yellow callus, produced high
berberine content. The medium containing tyrosine which is a precursor of berberine caused
higher berberine production in callus generations 2 and 3 than control, but decreased the
growth rate. The effect of aluminium sulfate, a stressing substance, stimulated the berberine
production and increased vield in all callus, but decreased the growth rate resembling the
effect of tyrosine. The culture supplemented with manganese sulfate, a mineral sal,
increased the production of berberine in the 15t and 3rd generation and also increased the
growth rate. The addition of colchicine (0.025%) seriously injured the cells and the culture
eventually died.

From HPTLC results, itywas interesting to find that major product was becberine.
The highest 'yields of berberine content were obtained. when the calli were subctiiured jon
media plus either 400 uM aluminium sulfate or 0.1% tyrosine. In these conditions it /was
found that the callus contained 1.0574% of berberine derived from' callus, grown on
aluminium’ containing medium for two subculturings and 1.0468% of berberine obtained
from “eallus- grown on tyrosine containing medium. However, among callus grown on
medium plus,0.1% tyrosine,.only the callus with root-bearing nodules’produced highest yields
of berberineicontent.

It was shewn.that'the berberiné conténts obtained from callusieultures which initiated
from a stem were more than,those.obtainéd*from leaves and stems ofithe intact plant. However, the
berberine content obtained from €allus.cultures weredess'than that obtained from the roots of
intact plant. Hence, the method for promotion berberine in A. flava callus cultures should be
further studied to obtain the highest yield of berberine. The factors concerned were light,
temperature, aeration, culture vessel agitation and composition of the cultured medium. As
it was reported that light decreased berberine production while better aeration increased
berberine production. Thus, it was interesting to study the effect of composition of the
cultured medium, the most influencial factor, on berberine production.
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The experiment on aluminium stressing should be further investigated. The
concentration of aluminium sulfate should be increased to provide available aluminium to
stress callus. At higher pH values, aluminium ions precipitate as Al (OI-I)3 and are no longer
toxic? Thus, the aluminium might be chelated with EDTA so as to maintain its availability at
a higher pH (6.0) which would permit the gelling of the agar. If A. flava can grow on liquid
medium, the pH of aluminium containing medium should be adjusted to 4.

e appl ation e culture techniques will
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Table 1. The effect of phyiohoi‘monal combinations on establishment of in vitro culture from
various parts of Arcangelisia flava

Callus Detection
within (day)

Hormone Part used

1525

J. Natl. Res. Council Thailand, 1989, 21(1)



16

oro

yE0
Pe0
§§°0

10 v, bdob, we(o)

2. dWN. nn.



Table 3. Comparison between 2 methods of berberine extraction

Extraction method

Berberine content *

% Mean

% CV

Maceration‘(n
Soxhlet :

Chao-krom-per (r
Po-ti-pra-did (n *

Yellowish healthy-loo
Unhealthy-looking callus
Brownish callus
Healthy-looking callus
Brownish callus

All callus

““%M

12§

10 12,15
13
15
15
19

erine content

17

W W W N NN W

%CV

3.64
0.3720 2.85
0.3991 1.12
0.4504 1.24
0.4794 6.43
0.6900 3.59
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Table 6. Berberine content of Arcangelisia flava in vitro culture grown on solid RT Medium,
supple_mented with 2 mg/l NAA, 2 mg/l IBA and 1 mg/I kinetin plus 10% coconut
milk

Berberine content
% Mean % CV

Callus Generation n

Yellowish health /. 3
g cal w L
althy-look

1.76
6.50
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Table 8. Berberine content of Arcangelisia flava in vitro culture grown on solid RT medium,
supplemented with 2 mg/l NAA, 2 mg/l IBA and 1 mg/1 kinetin plus 20 mg/I casein

hydrolysate
Callus Generation n Berberine content
% Mean % CV
All callus 1 B 0.5744 1.50
P
All callus 1 N 3 04844 4.91

AT

e 9. Eff

f various manipu

flava in vitro culture grov

g/1 IBA and

1 mg/l k

)

r/

0.025% Co

* represents true callus

i

)

-,

9614

** represents callus with root-bearing nodules
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substanc erberine produs in Arcangelisia
lid R . supplemgnt;je‘q with'2 mg/l NA
10% coconut milk
‘Generation Berberine cont
' % Mean ||| % CV
— I Z 0.6372 1.89
0.9978 2.40 f
1.0574 % f
0.9205 7 f’l
4 0.7625 /
4 | 06100 30
4 0.6:
1 3 .
2% 3 .6 4
25* * 8 4.98
2 3 753 0.78
% 0 7.90
316 89 | 275
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Growth rate
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Peak area (Thousands)
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