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1. Introduction

accinium corymbosum var. Bluecrop (Ericaceae) which is the subject of this

research is a cultivar created through crossing hybrids (Jersey x Pioneer

with Stanley x June) obtained from Vaccinium corymbosum L. and other sp
cies of the Vaccinium genus (1).

The above plant has became especially widely cultivated in recent years,
because of its tasty fruit, rich in vitamins and antocyanin pigments. There-
fore, there is a wealth of publications on biotechnology, most of which aim
at developing various conditions for micropropagation of Vaccinium corymbo-
sum var. Bluecrop (2,3). No publications, however, have been found which
would concentrate on the attempts to obtain and maintain callus cultures
from the above mentioned plant, with the aim to achieve production of phar-
macologically active compounds. Also, as for phytochemical research on na-
turally cultivated Vaccinium corymbosum var. Bluecrop, it has to be noted
that no analysis of chemical composition of this cultivar has been carried
out so far. Moreover, it was concluded from publications review that only
the chemical composition of the basic plant, Vaccinium corymbosum, has
been partially researched. The research, however, only pertained to the fruit
of this plant, identifying in it 14 anthocyanin compounds (4), flavonoids (quer-
cetin-3-O-glucoside and myricetin-3-O-glucoside) (5), a number of organic
acids (including benzoic acid, malic acid and citric acid) (6), vitamins (B,
B2, C, PP, A), inorganic salts (Co, Fe, P) as well as protein and fat (6,7).



This paper is part of a comprehensive research programme carried out at
the Institute of Pharmacognosy in the Department of Pharmacy, Medical Uni-
versity of Gdansk, with the aim of finding new natural sources rich in ben-
zo-y-piron derivatives within the Ericaceae family. These compounds have a
variety of valuable pharmacological properties but obtaining them from wild
or cultivated plaints is often difficult because of the climate conditions and
the changing seasons of the year (8,9). Thus, obtaining tissue material from
in vitro cultures which would be rich in the componunds mentioned above
makes it possible to become independent of the environmental conditions and
to carry out extended control of the secondary metabolite biosimthesis process.

In view of the above, the goal of this paper was to initiate callus cultures
from natural cultivated plants of Vaccinium corymbosum var. Bluecrop, and
then to achieve optimum conditions for maintaining callus cultures of the
tissues obtained. A preliminary assessment as to the possibility of obtained
callus tissues for the production of the searched-for metabolites was also
intended.

2. Materials and methods

2.1. Tissue cultures

Cuttings of Vaccinium corymbosum var. Bluecrop were obtained in 1991
from Horticultural Seed and Cuttings Centre (Centrum Nasiennictwa Ogro-
dowego i Szkétkarstwa) in Ozardéw near Warsaw, in Poland. In vitro experi-
ments were carried out on two types of experimental media: Zimmerman &
Broome (2) (Table 1) and Shenk & Hildebrandt (SH) (10), supplemented with
3% sucrose, 5 mgP” thiamine, 0.5 mgP” riboflavine, 5.0 mgl* nicotinic acid,
500 mgP~ myo-inositol (chemical substances by Sigma comp.). All experi-
mental biotechnological research was carried out on stationary media soli-
dified with agar (0.7%). The pH of the media was always adjusted to 4.9
before autoclaving. Adventitious buds with sections of intemode served as
explants used to start callus culture. The above biological material was
surfaee-disinfected with 0.1% HgCI2 (45 min) and rinsed three times with
sterile double distilled water. For explanting, the shoot tips were trimmed
to a length of 5 mm and placed horizontally onto the medium. In order to
initiate callus, 4 explants were placed per baby food jar with c.a. 20 ml of
Zimmerman & Broome medium with variable content of plant growth regu-
lators (Table 2). Then the formation of undifferenciated callus tissue depen-
ding on the experimental medium used was observed over a 4 week period.

After a 4 week incubation period the callus obtained was transferred to
Schenk-Hildebrandt medium with variable content of plant growth regulators
(Table 3). The growth of callus depending on the regulator modification was
observed over a 4 week incubation period. On completion of the growth
period the value of groAvth factors was determined for callus tissues, calcu-
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lated according to Klein’s formula: Growth factor: (Gr) =V—V)g<\-/—\f9x 100; Wg

— the mass of the fresh callus, in grams, after a period of growth (4 weeks).
Wo — the mass of the fresh callus, in grams, at the beginning of incubation
(the mass of the inoculum) (11). Moreover, the content of water in the ob-
tained biomass was determined (Table 3). This information, together with
maeroscope data, were used to determine the optimum eonditions for ma-
intaining callus culture of Vaccinium corymbosum var. Bluecrop biomass. All
experiments, with changed content of plant growth regulators in each me-
dium, were repeated 4 times. Both the percentage content of water in tissues
and growth factors were calculated on the basis of the weight of the fresh
tissues from 15 baby foods jars. Then the results underwent statistical as-
sessment with the t-Student test (Tabele 3). Callus tissue was incubated in
baby food jars in environmental controlled growth chamber (17 h photope-
riod, 120 mmol m'As'A Fluorescent TLD Philips lamp, 60-70% humidity,
26/22°C).

2.2. Phytochemical analysis

313 g of dried, powdered callus grown in optimised SH medium was
exhaustively extracted with chloroform (,,purification”), and then with met-
hanol in Soxhlet aparatus. Initial chromatography analysis (TLC — thin
layer chromatography, PC — planar chromatography) confirmed the pre-
sence of poliphenolic eompounds (flavonoids and phenolic acids) in the met-
hyl alcohol extract obtained.

The basic methanol extract was first purified using the classical method
(12,13,14) and then it underwent isolation processes in order to isolate
flavonoid compounds. These compounds were separated using column chro-
matography packed with powdered cellulose (Whatmann) and Sephadex LH
20 (Fluka) in a sequence of mobile phases (results not given). In this way
three flavonoid compounds were obtained: 1 (7 mg) and 2 (26 mg) in crys-
talline form and compound 3 (3 mg) — as an amorphous yellow sediment.
Phenolic acids in the basic methanol extract were analysed after removal of
flavonoids.

Qualitative analysis of flavonoids was based on determining the melting
point temperatures for the compounds obtained and comparing them with
various standards (TLC, HPLC — high preformance liquid chromatography
and PC analysis). Moreover, spectroanalysis (UV — Pye Unicam 750 instru-
ment and IR — Perkin Elmer 1600 SPE — IR) was carried out for com-
pounds 1, 2 and 3-

The qualitative analysis of phenolic acids was carried out in the methanol
extract, using cochromatography with standard substances (TLC, HPLC and
PC). Qualitative and quantitative analysis of flavonoids and phenolic acids
was carried out with the use of LiChrospher columns 100-RP 18 (250 mm
x4 mm, 5 pm) in room temperature, HPLC method (HPLC Knauer Sy-
stem/model 64-00, UV detector/model 87-00 fitted with Rheodyne RM-7125
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valve with 20 ml loop, controlled by a computer/computer software HPLC

Knauer, version 21 1A). Isocratic elution and the following mobile phases

were used for flavonoids: Fi — H20:MeOH:CHCI3:HCO0H = 78:6:15:1

[X = 254 nm): for phenolic acids: F2 — H20:CH3CN:H3P04 = 85:13,8:2
= 280 nm).

Calibration for quantitative analysis:

Stock solutions of comp 1 (quercetin-3-O-glucoside), comp 2 (quercetin-
3-O-galactoside), comp 4 (gallic acid) and comp 5 (protocatechuic acid) were
prepared by dissolving 2 mg of these compounds in 10 ml of methanol. The
volumes injected (20 pi) corresponded to ammounts of 1, 2, 4 and 5 in the
range 1-4 pg. A calibration graph was obtained by plotting peak area (y)
against concentration of standard solutions (X):

regression equation correlation coefficient
comp X y = 35.200 x - 0.080 r=0.999
comp 2 y =34.106 x - 0.333 r=0.999
comp 4 y = 0.079 x + 0.020 r =0.999
comp 5 y = 4.252 x - 0.020 r = 0.999

3. Results and Discussion

3.1 Analysis of growth of callus tissues

In this experiment the basic Zimmerman & Broome (2) (Table 1) medium
was used in order to initiate the growth of callus cultures of Vaccinium
corymbosum var. Bluecrop. The choice of this medium followed from publi-
cations describing its use in experiments involving micropropagation of High-
bush blueberry (2,3). The content of plant growth regulators was modified
in the basic Zimmerman & Broom medium through supplementing IAA with
two auxins (NAA and 2,4-D). In order to obtain conditions for sufficient
growth, other cytokinins (kinetin and zeatin) were used instead of 2iP (Table
2). The above modifications enabled callus formation of the explants inocu-
lated to the medium, as opposed to stem regeneration typical of the original
Zimmerman & Broome medium (2).

In the experiment, the best results in terms of callus tissue formation
were achieved for low concentration (0,2 mgl'i) of 2,4-D in the medium.
Under these conditions (media | and Il — see Table 2) 100% of the explants
formed callus tissue in the week of incubation. During the following 2
weeks, the callus tissue totally covered the initial stem sections on the above
mentioned media. Unfortunately, the achieved tissue juvenility was very poor.
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NH4NO3
(NH4)2504
Ca(No3)2 x 4H20
KNO3

KH2PO4

MgS04 X 7H20
FeSoa x 7H20
Na2EDTA
MnS04 x H20
ZnSo4 x 7H20
H3BO3

KJ

Na2Mo04 x 2H20
CoCl2 x 6H20
CUSO4 X 5H20
Myo-inositol

Table 1

Wanda Dembinska-Migas et al.

Content of basic zimmerman and broome medium in mg/dm*

Component

Adenine sulfate x 2H20

Thiamine x HCI
IAA

2iP

Sucrose

Agar

The pH is adjusted to 4,8 before adding agar

IAA — indole-3-acetic acid
2iP — 6-y-Y-dimethylaminopurine

Amount mg per liter
160.00
198.00
708.00
202.00
408.00
370.00

55.70
74.40
16.90
8.60
6.20
0.83
0.25
0.025
0.025
100.00
80.00
0.40
4.00
15.00
30,000.00
5,500.00

The frequency of callus induction was decreased as 2,4-D concentration
in the medium increased to 1,0 mgl' (Table 1). Similarly, NAA could be
used to initiate callus tissue, but only at 1,0 mgl'c concentration. However,
with these parameters only 30% of the explants produced small callus which
darkened quickly and could not be used as inoculum. Complete absence of
callus production was noted at 0,2 mgl'® concentration of this auxin in the

medium.

While the experiment showed significant effect of the type and concen-
tration of auxins, in the growth medium, on callus tissue production of
Vaccinium corymbosum var. Bluecrop, the use of cytokinins did not seem to
have any significance in this process.
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Table 2
Frequency of explant induction of Vaccinium corymbosum var. Bluecrop
IN RELATION TO THE COMPOSITION OF ZIMMERMAN & BROOME MEDIUM

N(.)' of initial Concentration of plant growth regulators in mgl'~ percent

Zimmerman . . . of explant
& Broome in Zimmerman & Broome medium producing
medium 2.4-D NAA Kinetin Zeatin callus tissue

I 0.2 — 2.0 — 100%

Il 0.2 — — 2.0 100%

1 1.0 — 2.0 — 85%

v 1.0 — — 2.0 90%

v — 0.2 2.0 — _

Vi — 0.1 2.0 — 30%

Vil — 0.2 — 2.0 —

VI — 0.1 2.0 — 30%

In view of the low juvenility of callus tissue produced at the initial stage,
further experiments aiming to optimise prolonged callus production used
Schenk & Hildebrandt medium. The medium has been successfully used by
the authors of this paper in cultivating callus cultures of other species in
the Ericaceae family. The basic medium was modified in the experiment
through varied content of plant growth regulators in order to determine the
influence of phytohormones on tissue growth parameters (Table 3).

The values of the growth factor show that the complex made up of 0.5 mgl'*
2,4-D and 0,2 mgl'™ of zeatin proved to best stimulate callus tissue growth
(medium A — Table 3).

Unchanged content of cytokinin in the experiment makes it possible to
propose, that 2,4-D most satisfactorily influenced the growth and juvenility
of the callus. The other auxins (JAA and IBA) proved less advantageous.
When IAA was used in the medium, not only callus growth but also its
juvenility were highly unsatisfactory. Addition of IBA to the medium, to
various concentration levels, slightly improved the quantity of biomass ob-
tained, however, occurrences of roots on the surface of callus tissue were
occasionally noted. The capability for root formation failed to disappear in
the tissue within next subcultures.

It was also observed during the experiment, that the varying content of
zeatin in the medium significantly modulated water content in the cultivated
callus. Media with increased zeatin content (2,0 mgl'), regardless of the
auxin used, produced tissue with notably lower water content (Table 3).

The experiment resulted in determining the composition for the SH me-
dium which would condition prolonged and satisfactory growth of callus
tissue of Vaccinium corymbosum var. Bluecrop (medium A Table 3). In 20
subcultures of homogeneous callus tissue grown onto the above medium,
313 g of dry biomass was obtained. Following the basic premise of this
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paper, the biological material obtained in this way underwent a phytoche-
mical analysis to detect the presence of poliphenolic compounds (flavonoids
and phenolic acids) in order to assess the ability of the obtained callus
tissue to produce that certain group of secondary metabolites.

3.2. Assessment of Vaccinium corymbosum var. Bluecrop to produce
selected poliphenolic compounds

No information has been found in the available publications as to the
presence of flavonoids or phenolic acids in the naturally cultivated Vaccinium
corymbosum var. Bluecrop. Therefore, the phytochemical analysis of the plant
material in question was based on data related to the chemical composition
of the basic species, Vaccinium corymbosum Quercetin-3-O-glucoside detec-
ted in the fmit of this plant was also found and isolated (7 mg) in the callus
tissue of Vaccinium corymbosum var. Bluecrop subcultured on optimised SH
medium (medium A — Table 3). Quantitative HPLC analysis of this sub-
stance showed, that quercetin-3-O-glucoside (comp.l) is present in the ana-
lysed biomass in the amount of 0,0047% (Table 4). Much higher concen-
tration (0,014%) of another flavonoid compound — quercetin-3-O-galacto-
side (comp. 2) was identified in the callus of V. corymbosum var. Bluecrop.
It is worthy of note that these substances cannot be found in the naturally
cultivated plant and is typical for the obtained tissue material. Moreover, it
was noted that the analysed callus did not synthesise myricetin-3-O-gluco-
side, which was found in the fruit of naturally cultivated V. corymbosum.
As for the third flavonoid compound found in the callus of V. corymbosum
var. Bluecrop, its low content makes it only possible to say that it is an
undetermined glicoside derivative of quercetin (Fig. 1).

Table 4
Quantitative uplc analysis of compounds i. 2 4 and 5 in the callus cultures of
Vaccinium corymbosum var. Bluecrop

Amount of compounds (%

N” compound .
P dry material) n = 15

Standard deviation (%)

1 0.0047 0.0215
2 0.014 0.0042
4 0.072 0.0284
5 0.0073 0.0127

Phenolic acids found in the obtained callus tissues also underwent phy-
tochemical analysis. These compounds have not been analysed in the na-
turally cultivated plant. The qualitative analysis (TLC, HPLC) of the methanol
extracts obtained from callus of V. corymbosum proved the presence of gallic
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Fig. 1. HPLC of flavonoids from the callus culture of Vaccinium corymbosum var. Bluecrop.
Peaks: 1 — quercetin-3-O-glucoside-comp Jj. 2 — quercetin-3-O-galactoside — comp 2.

acid, protocatechuic acid, p-hydroksybenzoic acid, femlic acid and p-cou-
maric acid in the callus material cultivated on optimised SH medium (Fig.
2). In addition, gallic acid (0,072%) and protocatechuic acid (0,0073%) were
identified in the callus during the quantitative analysis (Table 4). These
compounds were found to be dominating in the phenolic acids complex in
the material.

The conditions for separation of quercetin-3-O-glucoside and 3-O-galacto-
side which were established during the research, were then used to determine
the qualitative and quantitative composition of flavonoid compounds in callus
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Fig. 2. HPLC of phenolic acids from the callus culture of Vaccinium conjmboswn var. Bluecrop.
Peaks; 1 — gallic acid — comp 4; 2 — protocatechiuc acid — comp 5; 3 — p-hydroksyben-
zoic acid — comp 6; 4 — ferulic acid — comp 7; 5 — p-coumaric acid — comp 8.

tissues cultivated on SH medium, enriched with various hormonal composi-
tions (Table 3). This analysis was to establish whether varying addition of
plant growth regulators had any influence on the qualitative and quantitative
composition of the researched secondary metabolites in the callus.

The chromatographic analysis showed no qualitative differences between
the flavonoid complex content in callus tissues subcultured on SH media
with different content of plant growth regulators (Fig. 1). The variance of
the quantitative content of the researched compounds was not statistically
significant to indicate influence of any given medium (results not given).
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Phytochemical analysis of callus tissues of V. corymbosum var. Bluecrop
which was to determine the content of poliphenolic compounds proved that
the tissue material cultivated in vitro can s}nithesise significant amounts of
the secondary metabolites researched here. Especially in the case of flavo-
noid compounds the callus of V. corymbosum var. Bluecrop can be a source
of both quercetin-3-O-glucoside and 3-galctoside; both of these compounds
have interesting pharmacological properties (9).

Furthermore, taking into account the high value of the growth factor
together with high productivity of quercetin-3-O-galactoside, a compound
not found in the naturally cultivated plant, the tissue material obtained in
vitro may be considered to be a new source of materials rich in flavonoids,
created artificially as a result of biotechnological research.

It is also worthy of note, that at the present stage of in vitro research,
no impact of growth regulating substances present in the SH medium on
biosynthesis of flavonoid compounds was shown in callus tissues of V. co-
rymbosum var. Bluecrop.
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Summary

Zimmerman & Bromme and Schenk & Hildebrandt media with unchanged content of plant
growth regulators in the basic medium, were used to develop the optimum conditions for efficient
production of callus tissue of Vaccinium corymbosum var. Bluecrop. It has been determined that,
of the auxins used, it was 2,4-D which has the most beneficial effect on callus tissue growth.
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Zeatin was found to regulate the water content of the tissue obtained. Quercetin-3-O-glucoside,
as well as quercetin-3-O-galactoside were identified and cinalysed quantitatively in the callus
tissue from in vitro cultures. Moreover, the following phenolic acids were identified in the callus
with the use of chromatography: ferulic acid, p-hydroxybenzoic acid, p-coumaric acid, as well
as gallic acid and protocatechuic acid which were also analysed quantitatively in the researched
tissue material. Phytochemical monitoring of the propagated tissues for different production
media (HPLC analysis) did not show any relationship between the plant growth regulators used
and the analysed secondary metabolites.

Key words:
Quercetin-3-O-galactoside, Quercetin-3-O-glucoside, modified media, growth factor, HPLX",
Ericaceae.
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