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Abstract

Background: Borage (Borago officinalis L.) is a valuable medicinal plant with a high
content of gamma linolenic acid. It has an important place in Iranian traditional
medicine. Although the aerial parts of this plant are extensively used in treatment of
diseases, detailed knowledge of the active constituent changes in these parts is not readily
available. In addition the most data that has been reported are about oil seed of borage
and its properties.

Objective: Thus, the study about changes in chemical composition/secondary
metabolites at different growth stages is necessary.

Method: For this reason, in the present research the chemical composition including
total phenol, total alkaloids, mucilage, total ash, acid-insoluble ash and tannins of the
aerial parts were evaluated during different growth stages of borage.

Results: Results indicated that at each corresponding stage of development, starting
from seedling stage until flowering stage the chemical compositions of borage aerial parts
hadn't significantly differences. Only, there were significant differences (p<0.01) in the
total ash and acid-insoluble ash and these two parameters were significantly increased
with the development of plants, from seedling until flowering stage. In general, at all
stage, the aerial parts showed similar quality in respect of chemical compositions.
Conclusion: Therefore the best harvesting time of the aerial parts is the flowering stage,
because we achieved the highest fresh and dry weight at this stage.
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Introduction

Borage (Borago officinalis L.), is an
annual herbaceous plant and native to Europe,
North Africa, and Asia Minor [1]. It is an
important vegetable crop which cultivated in
some countries [2] including Iran. Also it is a
medicinally important plant which has more
than 20% gamma linolenic acid (GLA) in the
seed oil [3]. The leaves of borage are
reportedly used as diuretic, demulcent,
emollient, expectorant, etc. [4]. In Iranian
traditional medicine, the aerial parts of borage
are reportedly used for treatment of a variety
of ailments. Therefore,
identification/determination chemical
composition of aerial parts of this plant during
growth cycle can be suggested the medicinal
value of borage.

Chemical compounds such as amino acids,
carbohydrates and proteins, are products of
primary metabolism and are vital for the
maintenance of life processes, while others
like alkaloids, phenolics, steroids, terpenoids,
are products of secondary metabolism and
have toxicological, pharmacological and
ecological importance [5]. However, the main
classes of bioactive compounds from plants
include flavonoids, terpenes, alkaloids,
saponins, and coumarins [6].

Flavonoids are polyphenolic compounds
[7] and the expression ‘phenolic compounds’
embraces a vast range of organic substances,
which are aromatic compounds with hydroxyl
substituents [5]. Plants phenolics compounds
are  economically  important  because:
determining the sensory quality of foods such
as color, taste, and flavor [5, 8], acquiring
tolerance for aflatoxin contamination in peanut
genotypes [9], protecting plants from
herbivores[5], possessing biological activity in
cancer and heart diseases prevention [10],
acting as chemical signals in the flowering and
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pollination and in the process of plant
symbiosis and parasitism [5], protecting
organisms against the oxidative stress by their
antioxidant activity [11], some possessing
antibiotic properties[5], inhibit autoxidation of
unsaturated lipids, preventing the formation of
oxidized low-density lipoprotein (LDL),
reducing cardiovascular disease [12] and to
provide health-improving benefits due to their
various  biological activities such as
antioxidative, anticarcinogenic, antimicrobial,
and antimutagenic activity [8].

Alkaloids are nitrogenous bases (usually
heterocyclic), and are structurally the most
diverse class of secondary metabolites. They
range from simple structures to complex ones
such as those of many neurotoxins. Their
manifold pharmacological activities have
always excited man’s interest, and selected
plant products containing alkaloids have been
used as poison for hunting, murder and

euthanasia, as euphoriants, psychedelics,
stimulants and medicine [5].
Tannins are polyphenolic substances

widely distributed among higher plants [13,
14]. In addition, tannins have various uses in
industry products such as manufacture of
plastics, paints, ceramics and water softening
agents. Increasing attention is also being paid
to the use of tannins as antimicrobial agents
(e.g. wood preservation) or prevention of
dental caries. Recently, evidence has been
provided in support of potential value of
tannins as cytotoxic or antineoplastic agents
[5]. However, tannin concentrations in plants
vary in response to changes in environmental
conditions [15].

Borage leaves contain up to 30% mucilage
[4] which has medicinal value. Many
medicinal plant materials are of specific
therapeutic or pharmaceutical utility because
of their swelling properties, especially gums
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and those containing an appreciable amount of
mucilage, pectin or hemicellulose [16].

The total ash includes both "physiological
ash", which is derived from the plant tissue
itself, and "non-physiological" ash, which is
the residue of the extraneous matter (e.g. sand
and soil) adhering to the plant [16]. Also, total
ash content can be indicated the total amount
of salts in plant samples [17]. Content of acid-
insoluble ash is the amount of silica present,
especially as sand and siliceous earth which is
present in plant sample [16, 17]. However, the
content of total ash and acid-insoluble ash
must not be more than extant of mentioned in
herbal pharmacopoeias.

However, production of secondary
metabolites, in general, is a highly ordered
process with respect to plant development
[18]. The concentrations of these compounds
in plant tissues vary among plant parts and
during the growing season. Therefore,
determination the optimum harvesting time is
important to obtain maximum natural
production and assess the viability of a
medicinal plant as a potential crop [19].

Despite a wealth of published research on
borage seed oil, the variations of secondary
metabolites at different growth stage aren't
well documented. Thus, it is necessary to
study changes of the secondary metabolites at
the different growth stage. For this reason, this
study was conducted in order to determining
the changes that might take place in fresh and
dry matter and the chemical composition in
aerial parts of Borago officinalis L. at different
growth stage.

Methods and Materials

Plant materials

An experiment was conducted in plant
science laboratory of Tarbiat Modares
University, Iran, from September 2006 to
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November 2007. Seeds of Borago officinalis
L. were obtained from the Institute of
Medicinal Plants Research of Iranian
Academic Centre for Education, Culture &
Research (ACECR). Seeds were selected for
uniformity in size, shape, and color. The soil
of pots was a noncalcareous sandy loam
containing 54% sand, 30% silt and 16% clay.
The available soil water between wilting
coefficient and field capacity ranges from
6.0% to 14.7%, respectively. The total organic
carbon content was 0.3% and pH of soil was
7.3. Manuring, irrigation and other field
practices had been done as needed.

This experiment was laid out in a
completely randomized design with three
replicates to study changes of the secondary
metabolites at the different growth stages
(including: seedling, vegetative and flowering
stages). The aerial parts at seedling (fourteen-
day-old), vegetative (start of plant stem
elongation) and flowering (50% flowering)
stages were harvested and used to determine
the growth and chemical compositions. At
each growth stage, from each replicate, ten
plants were sampled to determine dry weight
(DW) and fresh weight (FW). The plants
materials were oven dried at 70 -C for 72h
(until there was no decrease in weight).

Biochemical analysis

Total phenolic contents were determined
using chlorogenic acid as a standard molecile
with the Folin-Dennis method, as described by
Iranian Herbal Pharmacopeia (2002). The
results were expressed as the chlorogenic acid
equivalent for the total polyphenols.

Total alkaloids were quantified from the
dried shoots tissues of the plants in base of
kelidonin as described by Iranian Herbal
Pharmacopeia (2002).

Tannins were quantified using tannic acid
as a standard mulecule with the Folin-Dennis

Y
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method, as described by Iranian Herbal
Pharmacopeia (2002).

The swelling index was the volume in ml
taken up by the swelling of 1 g of plant
material under specified conditions. This index
was determined with the method which
described by WHO (1998).

Mucilage content was quantified as
described by Iranian Herbal Pharmacopeia
(2002).

The ash remaining (following ignition of
medicinal plant materials) was determined by
different methods. In this study, the total ash
and acid-insoluble ash of the aerial parts was
determined according to method of Iranian
Herbal Pharmacopeia (2002).

Statistical Analysis

Analysis of variance (ANOVA) was done
by SPSS statistical software package version
12. Mean values and significance were
determined by “Duncan’s multiple range test”.

Results

Analysis of variance for different
parameters is shown in Table 1. There weren't

significant differences (p< 0.05) in the
chemical composition (total phenol, total
alkaloids, mucilage and tannins) and the
swelling index among three different growth
stages (Tab.l and 2). The mean of total
phenol, total alkaloids, mucilage, tannins,
swelling index and ratio of mucilage/swelling
index at three stages were 4.32%, 7.8ppm,
10.96% 2.93%, 14.16 and 1:1.29, respectively.

In contrast to chemical composition, there
were significant differences (p<0.01) in fresh
and dry weight, total ash and acid-insoluble
ash (Tab.1). The fresh and dry weight of aerial
parts were significantly increased during the
growth cycle from 0.102 and 0.0.01gr/plant at
the seedling to 42.07 and 4.38 gr/plant at the
flowering stage respectively (Tab. 2).

As table 2 indicated, pattern of increasing
in total ash and acid-insoluble ash content
during growth stages was similar with pattern
of fresh and dry accumulation. In other words,
total ash and acid-insoluble ash were
significantly increased from seedling to
flowering stage. The total ash and acid-
insoluble ash content were increased from 6.78
and 1.06 percent at seedling stage to 8.60 and
1.31 percent at flowering stage, respectively.

Table 1. Mean squares from analyses of variance of data for measured attributes of B. officinalis at different
growth stages.

Source of variation df
Fresh weight Total alkaloids Mucilage
Treatments 2 1324.693 % 0.043 "¢ 0.0404"*
Error 6 5.567 0.212 0.282
Dry weight Tannins Total ash
Treatments 2 14.316%** 0.006 "¢ 2.236%*
Error 6 0.051 0.013 0.159
Total phenol Swelling index Acid-insoluble ash acid
Treatments 2 0.214"* 1.254 " 0.065%*%*
Error 6 0.128 0.319 0.002
n.s: non-significant.
*p <0.05.
4 p < 0.01.
*#% p < 0.001.
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Discussions

Many studies on medicinal plants indicated
that chemical content composition of these
plants may vary substantially with the
developmental stage of the plants. For this
reason, investigations on ontogenetic variation
of secondary metabolites from different
classes have received considerable interest
from plant scientists over several decades [20].
In the present study, ontogenetic changes in
total phenol, total alkaloids and mucilage of
plant materials weren't found to be significant
(p > 0.05) and only the plant material had
significant differences (p < 0.01) in respect of
biomass accumulation per each plant (fresh
and dry weight), total ash and acid-insoluble
ash content. Therefore, Plants produced
similar amount of secondary metabolites at all
stages of plant phenology. In other words, the
aerial parts of borage at the different growth
stages have great pharmaceutical potential,
with  their well documented phenolic
compounds, tannins, mucilage and alkaloids
content. Of course, the highest yields of
secondary metabolites in whole shoots (aerial
parts) were reached at flowering time because
the highest yields of shoots obtained at this
stage while the amount of secondary
metabolites was similar at different growth
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