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Abstract: Plant secondary metabolites (SMs) are not only a useful array of natural products but also an
important part of plant defense system against pathogenic attacks and environmental stresses. With
remarkable biological activities, plant SMs are increasingly used as medicine ingredients and food
additives for therapeutic, aromatic and culinary purposes. Various genetic, ontogenic, morphogenetic
and environmental factors can influence the biosynthesis and accumulation of SMs. According
to the literature reports, for example, SMs accumulation is strongly dependent on a variety of
environmental factors such as light, temperature, soil water, soil fertility and salinity, and for most
plants, a change in an individual factor may alter the content of SMs even if other factors remain
constant. Here, we review with emphasis how each of single factors to affect the accumulation of
plant secondary metabolites, and conduct a comparative analysis of relevant natural products in
the stressed and unstressed plants. Expectantly, this documentary review will outline a general
picture of environmental factors responsible for fluctuation in plant SMs, provide a practical way to
obtain consistent quality and high quantity of bioactive compounds in vegetation, and present some
suggestions for future research and development.

Keywords: plant secondary metabolites; phenolics; flavonoids; terpenoids; alkaloids; responses;
environmental factors; light irradiation; temperature; soil water; soil fertility and salinity

1. Introduction

As distinguished from primary metabolism and first attributed to Kossel [1], plant secondary
metabolism is defined as a term for pathway and small molecule products of metabolism that are
non-essential for the survival of the organism. In nature, a variety of secondary metabolism pathways
elicited an array of plant defensive compounds called secondary metabolites (SMs). In addition to
basic nutrients such as proteins, fats or carbohydrates, plants can produce other compounds including
taxoids, polysaccharides, flavones, etc. SMs are the molecules to be dispensable for plant metabolism
and growth, whereas the wide variety and high diversity of secondary products are key components for
plants to interact with the environment in the adaptation to both biotic and abiotic stress conditions [2,3].
In fact, secondary metabolites involved in the protection against herbivores, bacteria, fungi, viruses
and even other competing plants. In addition, some plants made use of secondary metabolites as
signals for communication between plants and symbiotic microorganisms, as well as served to attract
pollinators and seed dispersers [3,4].

Plant SMs are usually classified according to their chemical structure [5]. Several groups of large
molecules, including phenolic acids and flavonoids, terpenoids and steroids, and alkaloids have been
implicated in activation and reinforcement of defense mechanisms in plants (see the classification
and biosynthisis of flavonoids, alkaloids and terpenoids in plant at Figures 1–3) [5,6]. Due to their
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A B S T R A C T

The chemosynthesis and potential as green herbicides of 4,8-dihydroxy-1-tetralone (4, 8-DHT) and its derivates
were emphatically addressed in this study. Firstly, the synthesis of 4, 8-DHT from commercially available ma-
terial 1, 5-dihydroxynaphthalene was carried out through a novel route of five reaction steps. Then, its five
derivates including 4-benzoyl-8-hydroxy-1-tetralone, 4-(3-hydroxypropoxy)- 8-hydroxy-1- tetralone, 4-(2,3-di-
hydroxypropoxy)-8-hydroxy-1-tetralone, 4-hydroxy-8-(3-hydroxy propoxy) −1-tetralone and 4-hydroxy-8-(2,3-
dihydroxypropoxy)-1- tetralone were prepared by modifying alcoholic and phenolic hydroxyl in C-4 and C-8
position of 4,8-DHT molecular structure. After that, these synthesized compounds were examined for their
toxicity against six kinds of weeds (Lolium perenne, Phalaris arundinacea, Elymus dahuricus, Cichorium intybus,
Sorghum sudanense, and Trifolium repens) in vitro. In general, high concentration could generally inhibit while low
concentration might promote the growth of weeds. Among these compounds, 4-(3-hydroxypropoxy)-8 −hy-
droxy-1-tetralone and 4-hydroxy-8- (3-hydroxypropoxy) −1-tetralone showed significant phytotoxic activities
against the six tested weeds, while 4-hydroxy-8-(2,3-dihydroxypropoxy) −1-tetralone was less toxic. For all the
six tested weeds, E. dahuricus appeared the most sensitive to the treatments of 4, 8-DHT compounds. Hence, it
has been suggested that variables including compound type and concentration as well as weed species should be
seriously considered in order to develop and utilize the group of 4, 8-DHT compounds as herbicide in future.

1. Introduction

As one of natural chemicals, 4,8-dihydroxy-1-tetralone (4, 8-DHT)
was first isolated from a Scytalidium species (Findlay and Kwan, 1973),
and subsequently this chiral compound in racemic form found in sev-
eral fungi and plants (Machida et al., 2005; Wu et al., 2011; Li et al.,
2014a, 2014b). The two enantiomers of 4, 8-DHT were identified as
(−)-(4R)-4,8-DHT and (+)-(4S)-4,8-DHT, commonly named as re-
giolone and isosclerone, respectively (Machida et al., 2005; Liu et al.,
2007). Recent studies demonstrated some biological properties of 4, 8-
DHT, including toxicity to plants (Ciniglia et al., 2012) and cytotoxicity
to human cancer cells (Wu et al., 2011; Klaiklay et al., 2012; Salimi
et al., 2014; Li et al., 2014a, 2014b). Lately, we also found that 4, 8-
DHT isolated from Carya callicarpa epicarp could exhibit some dosage-
dependent stimulation or inhibition effect on several plant species with
of horticultural interests (Li et al., 2014a, 2014b). Besides, an analysis
of the phytotoxicity indicated that isosclerone was more toxic to some

selected horticultural species than regiolone or racemic 4, 8-DHT (Yang
et al., 2016). Based on our previous investigation, the allelochemical 4,
8-DHT seems to have the potential as a natural herbicide (Li et al.,
2014a, 2014b; Yang et al., 2016).

Up to now, the solvent extraction method has been widely used to
separate 4, 8-DHT from plant species in Juglans genus. However, the
yield of product provided by traditional method was low, and the
process of extraction and purification was complicated (Machida et al.,
2005; Li et al., 2014a 2014b). Due to the inevitable trend of artificial
synthesis (Beshkar et al., 2017; Razi et al., 2017; Zinatloo-Ajabshir
et al., 2017a; Zinatloo-Ajabshir et al., 2017b; Zinatloo-Ajabshir and
Salavati-Niasari, 2017), some efforts to synthesize 4, 8-DHT have been
made in recent years.

In one study, the 4, 8-DHT was obtained by reduction of juglone (5-
hydroxy-1,4-naphthalenedione) with LiAlH4 (lithium aluminium hy-
dride) in THF (tetrahydrofuran), and at the same time, the mixture of
sclerone (3,4-dihydro- 4,5-dihy- droxynaphthalen-1(2H)-one) was also

https://doi.org/10.1016/j.indcrop.2017.11.051
Received 15 September 2017; Received in revised form 24 November 2017; Accepted 27 November 2017
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A B S T R A C T

This study for the first time designed to use supercritical fluid extraction (SFE) to extract total alkaloids,
peimine and peiminine from the flower of Fritillaria thunbergii Miq. 2,20-azino-bis (3-ethylbenzthiazo-
line-6-sulphonic acid) diammonium salt radical cation scavenging activity (ABTS-RSA) and ferric
reducing antioxidant potential (FRAP) assay were selected to evaluate the antioxidant capacity of the
extracts. A central composite design (CCD) with four variables (extract time (1.5–3.5) h, temperature (50–
70) �C, pressure (15–35) MPa and co-solvent (ethanol: water) ratio (80–100, v/v) %was employed for
optimization of process parameters, and response surface plots were constructed in accordance with a
second order polynomial model. The highest yields of total alkaloids (2.9 mg/g), peimine (0.7 mg/g) and
peiminine (0.07 mg/g) were predicted at optimal conditions of 2.9 h, 61.3 �C, 30.6 MPa and 90.3% ethanol
and the antioxidant activity of the extracts was estimated to be comparable to that of a-tocopherol with
ABTS value of 0.5 mg/mL and FRAP value of 658 mg AAE/100 g, respectively. These results suggest that
optimization of the extraction conditions is critical for accurate quantification of total alkaloids, peimine
and peiminine, and antioxidants in F. thunbergii Miq flower, which may further be used for industrial
extraction procedure.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Fritillaria isone of the largest genera belong to family of
Liliaceaeplants. Many species of Fritillaria were widely used in
traditional folk medicine in China, Japan and Turkey. Besides, the
bulbs of Fritillaria species grown in China have been used as
antitussive and expectorant herbs in Traditional Chinese Medicine
(TCM) for over two centuries, such as Fritillaria thunbergii Miq.
(Chinese name Zhe Beimu) being the first one from genus
Fritillaria. Pharmacological analyses of various extracts and pure
compounds isolated from different Frittillaria species including F.
thunbergii demonstrated peimine (verticine N-oxide 1) and
peiminine (verticinone N-oxide-2) (Fig. 1) as the major cevanine
type of isosteroidal alkaloids with characteristic structure of
hexacyclic benzo (7, 8) fluoreno (2, 1-b) quinolizine nucleus, which
existed in different Fritillaria species and were the primary active
ingredients responsible for the antitussive activity[1,2]. Most
previous studies of F. thunbergii concentrated on the bulbs rather
than other parts due to the traditional and customary use of this
plant [3]. Propagation of F. thunbergii seed has very little value of

practical application because the growth of seedlings is too weak
and the development of bulbs is so slow as to take 5–6 years to
grow into apparent size. In production practice of F. thunbergii,
shoot apex can induce adult-bulb (five-year old) to produce two
bulb-lets per year for commercial use [4]. In the reported study of
the chemical constituents of F. Thunbergii flower, eight compounds
were isolated and identified [3]. So far, there was few inves-
tigations on the extraction of alkaloids from the flower of F.
thunbergii. The first attention of this work is to explore an effective
method for extraction of main active ingredients from F. Thunbergii
flower which can provide some technical support for the
development of new resources food.

Supercritical fluid extraction (SFE) technology has been widely
applied in different fields, such as food science, natural products,
by-product recovery, pharmaceutical and environmental sciences,
due to the mian advantages including reduction of extraction time,
solvent-free analytes, being suitable for thermo-sensitive com-
pounds, production of cleaner extracts and environmental friendly
[5]. Although some works on the SFE of alkaloid [6–8] and
antioxidant components [9–11] have been published, the SFE of
alkaloids from the flower of F. Thunbergii remains to be elucidated.
As known, the main drawback of supercritical CO2 with low
polarity is difficult to extract high polar components. However,* Corresponding author.

E-mail address: wangqiangsky@263.net (Q. Wang).
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Abstract

Picea Schrenkiana as one of the most important zonal vegetation was an endemic species
in Middle Asia. Natural regeneration of P. Schrenkiana is a long existing problem troubling
scientists. The autotoxicity of 3,4-dihydroxy-acetophenone (DHAP) was found to be a caus-
ative factor causing the failure of P. Schrenkiana natural regeneration. The effects of con-
centrations of DHAP treatment on the viability of root cell, activities of antioxidant enzymes
and levels of P. Schrenkiana phytohormones were performed to disclose the physiological
mechanism of DHAP autotoxicity. It was observed that high concentration of DHAP could
inhibit the seed germination and seedling growth, but had a hormesis at low concentrations.
Analyses showed that the root cells significantly lost their viability treated with high DHAP.
The enzymes activities of seedlings were significantly stimulated by the treatment of 0.5 mM
DHAP to give a transient increase and then decrease as DHAP concentration increased to
1.0 mM except for GR (glutathione reductase) in which DHAP treatment had little effect on
its activity. Comparing with the control, an increase in the levels of phytohormones ZT (zea-
tin), GA3 (gibberellic acid) and IAA (indole acetic acid) was induced by the treatment of
DHAP at low concentrations (0.1±0.25 mM), but the significant deficiency was found treated
by high concentrations (0.5±1.0 mM). In addition, the ABA (abscisic acid) level increased in
all experimental observations. These results suggested that DHAP significantly affected
indices of growth and physiology, and provided some new information about different effect
in P. Schrenkiana treated with DHAP.

Introduction
Plant recruitment plays a central role in plant population and dynamic communities [1].

Plant recruitment can be influenced by several parameters including light, nutrients, water,

understory vegetation or predation [2–4], and also by the chemically mediated interferences

(allelopathy) [5]. Higher plants generally release one or more bioactive chemicals into the envi-

ronment that interact between plants with either stimulatory or inhibitory influences, i.e. a
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Abstract: Seasonal variations of the phytochemicals contents in needles of T. wallichiana var. mairei
due to the effects of growth meteorological parameters were investigated in this study. The needles
of T. wallichiana var. mairei were collected from different months and the contents of taxoids
(paclitaxel, 10-deacetylbaccatin III (10-DAB), baccatin III, cephalomannine, 10-deacetyltaxol (10-DAT)),
flavones (ginkgetin, amentoflavone, quercetin) and polysaccharides were quantified by ultra
performance liquid chromatography (UPLC) and the resonance light scattering (RIL) method.
The content of taxoids gave the highest level of 1.77 ± 0.38 mg·g−1 in January, and the lowest
value of 0.61 ± 0.08 mg·g−1 in September. Unlike taxoids, the content of flavonoids was the highest
in August. The content of polysaccharides reached peak value of 28.52 ± 0.57 mg·g−1 in September,
which was two times higher than the lowest content of 9.39 ± 0.17 mg·g−1 in January. The contents
of paclitaxel, 10-DAB, 10-DAT and polysaccharides significantly depended on meteorological
parameters. The mean of minimum temperature (R = −0.61) and length of daylight (R = −0.60)
were significantly correlated to 10-DAB content, while 10-DAT level showed significant correlation
with length of daylight (R = −0.70) and relative humidity (R = 0.70). In addition, temperature had
significantly negative effect on the content of paclitaxel and a significantly positive effect on that of
polysaccharides. This study enriched the knowledge on the accumulation pattern of metabolites and
could help us to determine the collecting time of T. wallichiana var. mairei for medicinal use.

Keywords: Taxus wallichiana var. mairei; metabolites; seasonal dynamics; meteorological parameters

1. Introduction

Taxus wallichiana var. mairei, also known as the Chinese yew belonging to the Taxaceae family,
is a protected, valuable and natural anti-cancer plant endemic to China [1]. The extracts of the plant
have been commonly used in traditional Chinese medicine for cancer treatment [2–4]. As one of the
most broad-spectrum anticancer agents, paclitaxel has been proved to have a remarkable effect against
breast, lung, blood, and ovarian cancers [5–7]. Since the discovery of paclitaxel with its significant
anticancer biological activity in the bark of T. wallichiana var. mairei, extensive efforts have been taken to
identify other members of the taxoids group exhibiting potential anti-tumor activities. In relation to this,
10-DAB and baccatin III as paclitaxel precursors can be converted to paclitaxel or taxotere, a chemically
modified analogue with more efficient anti-cancer activity than paclitaxel [8]. Thus far, more than

Molecules 2016, 21, 1403; doi:10.3390/molecules21101403 www.mdpi.com/journal/molecules
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Abstract

In order to explore how plant autotoxicity changes with climate warming, the

autotoxicity of P. schrenkiana needles’ water extract, organic extract fractions,

and key allelochemical DHAP was systemically investigated at the temperature

rising 2 and 4°C based on the data-monitored soil temperature during the last

decade in the stage of Schrenk spruce regeneration (seed germination and seed-

ling growth). The results showed that the criterion day and night temperatures

were 12°C and 4°C for seed germination, and 14°C and 6°C for seedling

growth, respectively. In the presence of water extract, the temperature rise of

2°C significantly inhibited the germination vigor and rate of P. Schrenkiana

seed, and a temperature rise of 4°C significantly increased the inhibition to the

seedling growth (P < 0.05). Among the three organic fractions, the low-polar

fraction showed to be more phytotoxic than the other two fractions, causing

significant inhibitory effects on the seed germination and growth even at low

concentration of 0.1 mg/mL, and the inhibition effect was enhanced as temper-

ature increased. The temperature rise significantly enhanced the promotion

effect of DHAP, while the inhibition effect of temperature rise became less

important with increasing concentration of DHAP. This investigation revealed

that autotoxicity of P. schrenkiana was affected by the climate warming. As

expected, it provided an insight into the mechanism and effectiveness of

allelopathy in bridging the causal relationship between forest evolution and

climate warming.

Introduction

The phenomenon of one plant’s growth inhibited by

chemicals released from another plant into environment

is generally defined as allelopathy (Callaway and Vivanco

2006). The term “allelopathy” was first used by Hans

Molisch from a physiological perspective to describe the

effect of ethylene on fruit ripening (Duke 2010). Allelo-

chemicals, delivered through decomposition, volatiliza-

tion, leaching, and root exudation (El Mehdawi et al.

2011), play an important role in the distribution of plant

populations (Wardle et al. 2011), the succession of com-

munities, as well as the nutrient chelation (Vanderstukken

et al. 2014), and were also suggested as a mechanism

driving exotic plant invasion (Mangla and Callaway

2008). In spite of usually being interspecific, allelopathy

may also occur within the same species the so-called

autotoxicity. Up to now, autotoxicity has been docu-

mented in a number of coniferous species and believed to

be involved in natural and managed ecosystems (Fernan-

dez et al. 2008).

Although it is still under debate whether and how

allelopathy drive forest succession, ecosystem-level alleo-

pathic effect has been argued as a cause for regeneration

failure of conifer, evidenced by examples from sitka

spruce, scots pine, norway spruce, black spruce, red pine,

5854 ª 2016 The Authors. Ecology and Evolution published by John Wiley & Sons Ltd.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use,

distribution and reproduction in any medium, provided the original work is properly cited.
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Abstract: As a candidate for bioherbicide, 4,8-dihydroxy-1-tetralone (4,8-DHT) was isolated from
Caryospora callicarpa epicarp and its two enantiomers, S-(+)-isosclerone and R-(´)-regiolone, were
separated by chiral high-performance liquid chromatography (HPLC) on a Chiralcel OD column
with chiral stationary phase (CSP)-coated cellulose-tris(3,5-dimethylphenylcarbamate). Then, the
phytotoxicity of 4,8-DHT and its enantiomers toward the seeds germination and seedling growth
of the five tested plant species, including lettuce (Latuca sativa), radish (Raphanus sativus), cucumber
(Cucumis sativus), onion (Allium cepa), and wheat (Triticum aestivum), were investigated and the results
indicated a hormesis at low concentration of 4,8-DHT and its enantiomers, but a retardant effect at
high concentration. Between the two enantiomers of 4,8-DHT, the S-(+)-isosclerone was more toxic to
seeds germination and seedling growth of the five tested plant species than the R-(´)-regiolone, and
also the phytotoxicity of S-(+)-isosclerone varied with different plants. For example, S-(+)-isosclerone
was the most active to seedling growth of lettuce, indicating that S-(+)-isosclerone had specific effects
on different organisms. Thus, all of the chirality and concentration of 4,8-DHT, as well as the affected
plant species, need to be taken into consideration in the development and utilization of 4,8-DHT.

Keywords: 4,8-dihydroxy-1-tetralone (4,8-DHT); chiral-selective separation; enantiomers; phytotoxicity

1. Introduction

Chirality of a pair of molecules with a non-superposable mirror image is almost caused by
the presence of an asymmetric carbon atom. Chiral molecules are widely used as the mainstay of
pesticides. As many as 25% of all pesticide active ingredients are chiral, existing as two mirror images
called enantiomers [1]. For economic reasons, chiral pesticides are primarily used as a mixture of
enantiomers or racemates [2]. In vivo, although the enantiomers of chiral pesticides have identical
physical and chemical properties, they usually display different physiochemical and biochemical
properties in metabolism, excretion, side effects, and toxicity, even acting as an antagonist [3–5]. One
enantiomer of a chiral pesticide may have the desired effects on a target species, whereas the other
enantiomer may not [2]. In recent years, the enantioselective behavior of chiral pesticides has received
more attention at the forefront of chemistry and toxicology research [6–8]. It was reported that the
enantiomers of many chiral pesticides showed different activity. For example, the toxicity to Daphnia
revealed that the (´)-enantiomer of leptophos showed a lower toxicity than its (+)-form and racemic
form [9]; (+)-fenamiphos proved be about 20 times more toxic to Daphnia than (´)-fenamiphos [10];

Molecules 2016, 21, 528; doi:10.3390/molecules21040528 www.mdpi.com/journal/molecules
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Abstract: Supercritical fluid extraction (SFE) was used to extract total alkaloids, peimisine, peimine
and peiminine from the bulb of Fritillaria thunbergii Miq. The antioxidant capacity of the extracts
was evaluated by DPPH radical scavenging activity (DPPH-RSA), ABTS radical scavenging activity
(ABTS-RSA) and ferric reducing capacity (FRAP) assay. A central composite design (CCD) with
four variables and five levels was employed for optimization of process parameters, and response
surface plots were constructed in accordance with a second order polynomial model. Under optimal
conditions of 3.0 h, 60.4 ˝C, 26.5 MPa and 89.3% ethanol, the highest yields were predicted to be
3.8 mg/g for total alkaloids, 0.5 mg/g for peimisine, 1.3 mg/g for peimine and 1.3 mg/g for peiminine,
and the antioxidant capacity of extracts displayed EC50, DPPH value of 5.5 mg/mL, EC50, ABTS value
of 0.3 mg/mL and FRAP value of 118.2 mg ascorbic acid equivalent (AAE)/100 g.

Keywords: Fritillaria thunbergii Miq; supercritical fluid extraction; central composite design; total
alkaloids; peimisine; peimine; peiminine; antioxidant capacity

1. Introduction

Fritillaria is a genus of 130–165 species [1,2] within the monocot family Liliaceae, and is native
to temperate regions of the Northern Hemisphere [3]. The bulbs of Fritillaria species growing in
China have been used as antitussive and expectorant herbs in Traditional Chinese Medicine (TCM)
for more than 200 years, Fritillaria thunbergii Miq. (Chinese name Zhe Beimu) being the first one
from genus Fritillaria [4]. Alkaloids, as the main active ingredients, contribute to the antitussive and
expectorant function and they are usually extracted by classical solvent extraction [5,6]. According to
Chinese Pharmacopeia (2010 edition), the content of peimine and peiminine in the bulb of F. Thunbergii
extracted by the CHCl3/CH3OH = 4:1 and analyzed by HPLC must be higher than 0.1% for medical
use (chemical structure of peimisine, peimine, and peiminine see Figure 1) [7]. However, solvent
extraction is time-consuming and also causes some damages to the environment and health.

Materials 2016, 9, 524; doi:10.3390/ma9070524 www.mdpi.com/journal/materials
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Abstract: The aqueous extract from Carya cathayensis Sarg. exocarp was centrifuged, 
filtered, and separated into 11 elution fractions by X-5 macroporous resin chromatography. 
A phenolic compound, 4,8-dihydroxy-1-tetralone (4,8-DHT) was isolated from the 
fractions with the strongest phytotoxicity by bioassy-guided fractionation, and investigated 
for phytotoxicity on lettuce (Latuca sativa L.), radish (Raphanus sativus L.), cucumber 
(Cucumis sativus L.), onion (Allium cepa L.) and wheat (Triticum aestivum L.). The testing 
results showed that the treatment with 0.6 mM 4,8-DHT could significantly depress the 
germination vigor of lettuce and wheat, reduce the germination rate of lettuce and 
cucumber, and also inhibit radicle length, plumule length, and fresh weight of seedlings of 
lettuce and onion, but could significantly promote plumule length and fresh weight of 
seedlings of cucumber (p < 0.05). For the tested five plants, the 4,8-DHT was the most 
active to the seed germination and seedling growth of lettuce, indicating that the 
phytotoxicity of 4,8-DHT had the selectivity of dosage, action target (plant type) and 
content (seed germination or seedling growth). 

Keywords: Carya cathayensis Sarg.; phytotoxicity; 4,8-dihydroxy-1-tetralone; bioassay 
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Research Article

Separation and purification of flavonoid from
Taxus remainder extracts free of taxoids
using polystyrene and polyamide resin

An efficient separation process of flavonoid from Taxus wallichiana var. mairei remainder
extracts free of taxoids was developed in this study. AB-8 macroporous resin and polyamide
resin offered the fine adsorption capacity, and its adsorption rate at 30�C fitted well to the
Langmuir and Freundich isotherms. Resin dynamic adsorption and desorption experiments
were conducted to optimize the separation process of total flavonoids from T. wallichiana
var. mairei remainder extracts free of taxoids. The optimum parameters for adsorption by
AB-8 resin were as follows: (1) the concentration of flavonoids in a sample solution of
5.61 mg/mL with a processing volume of 2 bed volume (BV) (60 mL); (2) for desorption,
ethanol–water (80:20, v/v), with 6 BV as an eluent at a flow rate of 2 BV/h. After a one-
run treatment with AB-8 resin, the content of flavonoids was increased 5.10-fold from
4.05 to 20.65%. The optimum parameters for adsorption by polyamide resin were as fol-
lows: processing volume of 2 BV (30 mL); for desorption, ethanol–water (70:30, v/v), with
8 BV as an eluent at a flow rate of 2 BV/h. After one-run treatment with polyamide resin,
the content of total flavonoids increased from 20.65 to 65.21%. The method will provide
a potential approach for large-scale separation and purification of flavonoid for its wide
pharmaceutical use.

Keywords: Flavonoids / Macroporous resins / Polyamide resin / Preparative
separation / Taxus wallichiana var. mairei
DOI 10.1002/jssc.201201189

1 Introduction

Taxus was a genus of 12 species including four species in
North America, one in Europe, and the remainders native
to Southeast Asia [1]. Taxoids were very important com-
pounds in many Taxus species, including paclitaxel, cephalo-
manine, 10-deacetylbaccatin III, 7-xylosyl-10-deacetyltaxol [2],
and were well known for their remarkable anticancer activity.
The separation of taxoids from Taxus was the most impor-
tant discovery for human chemotherapy [3,4]. Along with the
increasing need of taxoids from the genus Taxus, the amount
of the remainder extracts free of taxoids was also increased.
The content of flavonoids from Taxus wallichiana var. mairei
remainder extracts free of toxoids (Treft) was about 4.05%
by separation from our laboratory. These compounds had
not been utilized by the industry. Therefore, it was of con-
siderable interest to find a reasonable method for extraction,
preparation of separate, and enrichment of the flavonoids
from Treft.

Flavonoids, a large category of plant polyphenol sec-
ondary metabolites, were widely distributed in medicinal

Correspondence: Professor D. Wang Qiang, Ningbo Institute of
Technology, Zhejiang University, Ningbo 315100, P. R. China
E-mail: wangqiangsky@263.net
Fax: +86-0574-88229545

Abbreviation: BV, bed volume

herbal, fruits, teas, etc. [5], and displayed a wide range of phar-
macological activities, including antileukemic [6], antioxida-
tive [7], antimutagenic [8], anti-inflammatory [9], and antivi-
ral [10] effects as well as the ability to promote immunologic
function [11]. The extraction of flavonoids from plant mate-
rials had a two-phase solvent system [12], ultrasonic-assisted
extraction [13], microwave-assisted extraction [14], supercriti-
cal fluid extraction [15], and pressurized liquid extraction [16],
and so forth.

Separation methods based on synthetic adsorbents were
gaining popularity in pharmaceutical applications and had
also been used for polyphenols separation [17]. Macroporous
resin was one kind of adsorbent that was often used to sep-
arate flavonoids based on the polarity, sieve classification,
hydrogen bonding interactions, and Van der Waals forces
[18]. Macroporous resins had been increasingly viewed as
an alternative for the separation and enrichment of effec-
tive components from many natural products [19, 20]. The
adsorption by macroporous resins was the more promis-
ing separation method due to its moderate purification
effect, high-adsorption capacity, low operating costs, low sol-
vent consumption, and easy regeneration [21]; it also em-
ployed in the enrichment of many secondary metabolites,
including taxoids [3], polyphenols [22], ginsenosides [23],

∗Additional correspondence: Professor D. Jiang De-an,
E-mail: dajiang@zju.edu.cn
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Abstract: Bioassay-guided fractionation of the diethyl ether fraction of a water extract of 

Picea schrenkiana needles led to the isolation of the phenolic compound 3,4-dihydroxy- 

acetophenone (DHAP). The allelopathic effects of DHAP were evaluated under laboratory 

conditions on P. schrenkiana, rice (Oryza sativa L.), wheat (Triticum aestivum L.), radish 

(Raphanus sativus L.), lettuce (Latuca sativa L.), cucumber (Cucumis sativus L.) and 

mung bean (Phaseolus radiatus L.). DHAP significantly inhibited seed germination and 

seedling growth of P. schrenkiana at concentrations of 2.5 mM and 0.5 mM (p < 0.05). Soil 

analysis revealed that P. schrenkiana forest soils contained exceptionally high DHAP 

concentrations (mean = 0.51 ± 0.03 mg/g dry soil), sufficient to inhibit natural  

P. schrenkiana recruitment. DHAP also exhibited strong allelopathic potential. It significantly 

inhibited wheat and lettuce seed germination at concentrations of 1 mM and 0.5 mM (p < 0.05). 

The active compound also completely inhibited root growth of the six test species at high 

concentrations. Our results suggest a dual role of DHAP, both as an allelochemical and as 

an autotoxicant. The potential for a single plant needle-leached compound to influence 

both inter- and intra-specific interactions emphasized the complex effects that plant 

secondary metabolites might have on plant population and community structure. 
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Abstract: Phenolic compounds arise from the shikimic and acetic acid (polyketide) 

metabolic pathways in plants. They are but one category of the many secondary 

metabolites implicated in plant allelopathy. Phenolic allelochemicals have been observed in 

both natural and managed ecosystems, where they cause a number of ecological and 

economic problems, such as declines in crop yield due to soil sickness, regeneration failure 

of natural forests, and replanting problems in orchards. Phenolic allelochemical structures 

and modes of action are diverse and may offer potential lead compounds for the 

development of future herbicides or pesticides. This article reviews allelopathic effects, 

analysis methods, and allelopathic mechanisms underlying the activity of plant phenolic 

compounds. Additionally, the currently debated topic in plant allelopathy of whether 

catechin and 8-hydroxyquinoline play an important role in Centaurea maculata and 

Centaurea diffusa invasion success is discussed. Overall, the main purpose of this review is 

to highlight the allelopacthic potential of phenolic compounds to provide us with methods 

to solve various ecology problems, especially in regard to the sustainable development of 

agriculture, forestry, nature resources and environment conservation. 

Keywords: phenolic compounds; allelopathy; analysis methods; mechanisms 
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