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The tree Cylocarya paliurus (Juglandaceae) is a multiple-purpose species endemic to China, used in 
Chinese traditional medicine for a long time. Traditionally, the species is prescribed for hypertension and 
diabetes, reducing blood cholesterol, and for regulating immune function. The leaves are stated to have 
anticancer, anti-fatigue, antioxidant and antimicrobial properties, and various recent studies have 
examined its pharmacology. Phytochemical studies have reported C. paliurus leaves with a variety of 
biologically active constituents such as flavonoids, polysaccharides, steroids, terpenes, terpenoids, and 
essential microelements. Still, more targeted studies are needed to determine the action of specific 
phytochemicals on humans. The sustainable use of C. paliurus is of concern, as plants are still mostly 
harvested from wild resources. Developing silviculture on a larger scale may be an ideal strategy for 
meeting the growing commercial demands on the species and to control the loss of genetic diversity from 
wild populations. However, there have been no attempts to synthesise this literature or to bring attention 
to growing concerns about the unsustainable exploitation of the species. The objectives of this review 
are to highlight the importance of C. paliurus in developing novel effectual remedies and to develop 
recommendations for sustainable use of the species. 
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INTRODUCTION 

The wheel wingnut, Cyclocarya paliurus 
(Batalin) Iljinskaya, is a monotypic tree species in 
the family Juglandaceae endemic to China (Shu et 
al. 1995; Kurihara et al. 2003; Fang et al. 2006), 
(Fig. 1). In the Xiushui County of Jiangxi Province, 
the species is referred to as “qing qian liu” which 
means “green money willow”. It is also called 
‘Sweet tea tree’ because of the sweet flavour of its 
leaves. The species is mainly found at 420–2500 

m elevation in mountainous regions of Anhui, 
Fujian, Hubei, Hunan, Jiangsu, Jiangxi, Sichuan, 
Guizhou, and Zhejiang provinces (Yang et al. 2005; 
Fang et al. 2006). 

Cylocarya paliurus is grown for its fine timber 
and as a medicinal plant (Jiang et al. 2006). The 
bark and leaves of this plant were widely used for 
making medicinal tea in ancient China (Deng et al. 
2014). In modern times, C. paliurus is is used 
medicinally for obesity and diabetes (Deng et al. 
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2014). The Chinese pharmacopoeia also lists the 
plant for treating hypertension and regulating the 
immune function (Crane & DuVal, 2013). The rarity 
of diabetes and hyperlipidemia among locals was 
linked to consumption of the tea of C. paliurus 

leaves (Deng et al. 2014),and its use as a 
vegetable highlights its potential to be used as 
functional food (Crane and DuVal, 2013). 

 

 

 
 
Figure 1: A profile of Cyclocarya paliurus showing the (a) winged fruits, (b) compound leaves, and 
(c) dried foliage used for tea. 
 

Table 1: Summary of phytochemicals isolated from Cyclocarya paliurus plant material 
 

Phytochemical constituent Reference 

Phenolics  

Quercetin-3-O-a-D-glucuronide Zhang et al. (2010) 

Quercetin-3-O-bD-glucuronide Zhang et al. (2010 

Myricetin-3-O-b-D-glucuronide Zhang et al. (2010) 

1-caffeoylquinic acid, 3-caffeoylquinic acid Zhang et al. (2010 

2-4-caffeoylquinic acid Zhang et al. (2010) 

3-5-caffeoylquinic acid Zhang et al. (2010) 

4-caffeic acid Zhang et al. (2010) 

5-5-hydroxynaphthalene-1 
6-4-di-O-b-D-glucopyranoside 

Zhang et al. (2010) 

Piceid Zhang et al. (2010) 

β-Rosasterol Peng et al. (2018) 

Quercetin-3-O-glucuronide Cao (2017) 

Quercetin-3-O-galactoside Cao (2017) 

Isoquercitrin Cao (2017), Fang (2011) 

Kaempferol-3-O-glucuronide Cao (2017) 

Kaempferol-3-O-glucoside y Cao (2017) 

Quercetin-3-O-rhamnoside Cao (2017) 

4,5-di-O-Caffeoylquinic acid Cao (2017) 

Kaempferol-3-O-rhamnoside Cao (2017) 

Arjunolic acid Cao (2017) 

Polysaccharides 

Rahamnose Peng et al. (2018) Wang et al.(2017) 
and liu et al. (2016) 

Steroids 

β-Rosasterol Peng et al. (2018) 

1. 6β-Hydroxystigmast-4-en-3-one 
Phytol 

Peng et al. (2018) 

Terpenes 

Betulinic acid Peng et al. (2018), Yin et al. (2013) 

Lupeol Peng et al. (2018) 
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Betulin Peng et al. (2018) 

1. 2α,3β-Dihydroxyllupeol Peng et al. (2018) 

2. Alphitolic acid Peng et al. (2018) 

3. β-Amyrin Peng et al. (2018) 

4. Oleanolic aci Peng et al. (2018) 

β-Amyri Peng et al. (2018) 

1. Maslinic acid Peng et al. (2018) 

2. 3β-Hydroxy-ll-oxo-oleana-12-en-28-oic 
acid 

Peng et al. (2018 

3. Olean-12-en-2α,3β-diol Peng et al. (2018) 

4. 3β,-trihydroxy-1-oxo-olean-12-ene-28-
oic acid 

Peng et al. (2018), Wu et al. (2017) 

5. Cyclocaric acid B Peng et al. (2018) 

6. cyclocariosides I and J and 
cyclocariosides K 

Ang et al.(2018) 

7. 3β-hydroxy-urs-12-en-28-oic acid 
(Ursolic acid) 

Peng et al. (2018) 

8. 2α-hydroxyursolic acid Peng et al. (2018) 

3β, 23-dihydroxy-12-ene-28-ursolic acid 
 

Peng et al. (2018) 

6β-Hydroxystigmast-4-en-3-one Phytol Peng et al. (2018) 

(4S)-4-hydroxy-1-tetralone 
 

Peng et al. (2018) 

(4S)-4,8-Dihydroxy-3,4-dihydro-1(2H)-
naphthalen-1-one 

Peng et al. (2018) 

3-O-caffeoylquinic acid Cao (2017) 

4-O-caffeoylquinic acid 
 

Cao (2017) 

Cyclonoside A (1R, 2R, 4R)-1,2,4-trihydroxy-
1,2,3,4-tetrahydro-naphthalene-1-O-b-D-
glucopyranoside 

Zhang et al. (2010) 
 

Cyclospirolide (4R, 5S, 6R)-8,9,10-trihydroxy-4-
[30,40 -dihydroxyphenyl]-1,6-dioxaspiro 
[4,5]decan-2-one 

Zhang et al. (2010) 

Cyclocaric acid Cao (2017) 

Pterocaryoside Cao (2017) 

Hederagenin Cao (2017) 

Oleanolic acid Cao (2017) 

Arjunolic acid Cui & Li (2012) 

Corosolic acid Cui & Li (2012) 

Oleanolic acid Cui & Li (2012) 

 
Being a traditionally important plant, C. 

paliurus has been the subject of a large number of 
studies examining its chemical properties and 
pharmacology. It has been cited to be anti-
hyperglycemic,anti-hyperlipidemic, 
antihypertensive, anticancer, anti-fatigue, anti-
oxidation, antimicrobial, colon health-promoting, 
and to have immunity-modulating action (Crane 
and DuVal, 2013). Many of the phytochemical 
studies C. paliurus (Table 1) and a recent review 

(Crane & DuVal, 2013)on its polysaccharides 
constituents indicate that attempts are needed to 
have literature on its biology, silviculture practices, 
phyto chemistry, pharmacological properties, 
physiology, molecular and genomic information. 
Additionally, the review also highlights the 
sustainable conservation use of C. paliurus, as the 
plant is still mostly harvested from wild resources. 
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Species biology  

Taxonomy, Distribution and Morphology 
The species was formerly placed in the genus 

Pterocarya as Pterocarya paliurus Batalin due to 
resemblance with the genus Pterocarya (Lu et al. 
2001; Flora of China, 1999). C. paliurus is a 
deciduous tree growing in mountainous regions in 
eastern and central China viz, Guangdong and 
Hainan in the south to Jiangsu, Anhui, Fujian, 
Guangdong, Sichuan in the west to Zhejiang and 
Taiwan in the east. Additionally, this plant found in 
Anhui, Fujian, Guangdong, Guangxi, Guizhou, 
Hubei, Hunan, Jiangxi and southeastern Yunnan 
(Lu et al. 2001; Flora of china, 1999). 

C. paliurus is a medium-sized tree up to 30 m 
high, bears wind-pollinated flowers, and resembles 
the closely-related genus Pterocarya. However, it 
differs from Pterocarya in having male catkins 
produced in clusters, rather than singly. 
Additionally, the mature female catkins of C. 
paliurus bears several small disc-winged nutlets 
(Crane and DuVal, 2013), rather than two-winged 
nutlets of Pterocarya. Vegetatively, the tree is 
characterised by imparipinnate compound leaves 

measuring 20–25 cm in length, and bearing five to 
eleven leaflets (Figure 1c). 

 

Flowering biology 
Cyclocarya. paliurus is monoecious and 

produces flowers from April to May (Fu et al. 2010). 
Phenological studies have revealed that flowering 
in C. paliurus is asynchronous (Liu et al. 
2016).Female flowers mature early while the male 
flowers reach mature approximately 15 days later 
(8). Thus, when pollen is released, it fertilises other 
trees with mature female flowers (Liu et al. 2016; 
Zhang et al. 2001). This asynchronous maturity of 
female and male flowers ensures genetic diversity 
by maximising the probability of outcrossing (Jiang 
et al. 2014). Thus, when pollen is released, it 
fertilises other trees with mature female flowers 
(Liu et al. 2016 ; Zhang et al. 2001). 

 Furthermore, foliar epidermal (Ali et al.,2020) 
and pollen micro-morphological (Ali et al., 2021). 
This asynchronous maturity of female and male 
flowers ensures genetic diversity by maximising the 
probability of outcrossing (Jiang et al. 2014). 

 
 

 
Figure 2:  Plant distribution map of Cyclocarya paliurus. Areas in blue shading show 

provinces where the species occurs 
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Figure 3: Useful constituent isolated from C.paliurus 

 
 

 Phytoconstituents 
Interest in the phytochemistry of C. paliurus 

began in the early 1990s when compounds 
responsible for the sweetness of C. paliurus leaf 
tea were isolated (Yang et al. 1992). Since then, 
more than 50 different kinds of biologically active 
compounds have isolated from C. paliurus; which 
include flavonoids, polysaccharides, saponins 
alkaloids, organic acids, phenolic compounds, 
triterpenes, steroids and polysaccharides (Table 
1). Research shows that the level of flavonoids in 
C. paliurus varied significantly in leaves with 
isoquercitin being the most abundant, followed by 
kaempferol and quercetin (Fang et al. 2011).  

Various factors have been noted to affect the 
amount of these constituents in C. paliurus (Liu et 
al. 2016). For instance, C. paliurus grown in shady 
areas exhibited reduced leaf flavonoids content, 
while those in full light achieved the highest leaf 
biomass and flavonoids content (Liu et al. 2016). 
Seasonal variation in five microelements (Zn, Cu, 
Fe, Mn, and Se) concentrations has also been 
reported in twelve provenances C. paliurus,  with 
significant provenance differences among Fe, Mn, 
Zn and no significant difference found for Cu and 
Se concentrations (Shengzuo et al. 2011). Such 

investigations may be helpful in the development of 
the nutraceutical industry. 

The accumulation patterns of water-soluble 
polysaccharides (WSP) and flavonoids in C. 
paliurus leaves vary with season, genotype and 
environment (Fu et al. 2015). For instance, 
investigation on the positional variations of WSP 
content indicated that the mean content of WSP in 
leaves from three crown locations (lower, middle 
and upper) within an individual was 38.5 mg g-1. 
Moreover leaves in the upper crowns had a 
significantly higher amount of WSP content than 
the middle and lower crowns  (Li et al. 2017). There 
was also a seasonal difference of WSP content in 
the leaves, with the maximum value observed in 
April (38.3 mg g-1), the second peak in October 
(32.3 mg g-1), and the lowest WSP observed in 
June (20.12 mg g-1) (Fu et al. 2015). Fallen leaves 
also exhibited very low WSP content of 17.71 mg 
g-1 (Fu et al. 2015). In general, the WSP content 
accumulated during the maturity/senescence 
period from September to mid-November is higher 
than the rapid growth period from May to August.  

Studies on twelve genotypes of C. paliurus at 
four sites also showed that genotype and 
environment affect the accumulation of flavonoids  
(Huang & Ning, 2010). The environmental changes 
have a significant effect on the accumulation of 
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flavonoids without affecting growth  (Deng et al. 
2015). More studies on the accumulative dynamics 
and genotypic variation of water-soluble 
polysaccharides and flavonoids will be useful for 
establishing extensive selection and breeding 
programs to increase the content of beneficial 
compounds in C. paliurus leaves, and timing 
harvests (Deng et al. 2015; Fu et al. 2015). 

Chemotaxonomy, karyotypic studies and 
molecular genetics  

Chemotaxonomic studies have established 
links among the genera in the family Juglandaceae. 
In particular, the Lupinane-type triterpenes, 
Oleanolic acid, Cyclocaric acid B isolated from C. 
paliurus and Pterocarya tonkinesis (Franch.) Dode, 
confirm the chemical relationship between the two 
species (Wu et al. 2014). The compound ursolic 
acid also indicates a link among the species of 
three genera Cyclocarya, Pterocarya and 
Engelhardia (Wu et al. 2014). The base number of 
chromosomes in C. paliurus is (n = 28) while its 
chloroplast has 137 distinctive genes, of which 89 
are protein-coding, 40 are tRNA and four are rRNA 
genes (Wu et al. 2004). The two chloroplast genes 
(psbA–trnH and atpB–rbcL) and one nuclear gene 
(PHYA) in fifty-seven different populations of C. 
paliurus showed that their latest common ancestor 
of all 17 chloroplast haplotypes evolved 
approximately 16.69 Mya ago. This was linked to 
the early escalation of the Asian monsoon in the 
first to mid-Miocene and global climate cooling (Hu 
et al. 2017). However, the chloroplast lineage 
diversity happened in the early Late Miocene, with 
peaks at 9.6 Mya and 3.6 Mya, as a result of two 
subsequent intensification events of the Asian 
monsoon (Hu et al. 2017).  

Pharmacology  

Antidiabetic, anti-obesity, hepatoprotective 
and colon health activities 

Various pharmacological studies have 
documented antidiabetic and anti-obesity 
properties of C. paliurus (Liu et al. 2016). For 
example, Liu et al. (2016) demonstrated that the  
chloroform fraction of the (75%) ethanol extract of 
C. paliurus bark exhibited significant blood sugar, 
reducing activity in diabetic rats. Additionally, the 
extract was found to contain norsesquiterpene 
lactone along with benzoic acid and flavones (Liu 
et al. 2016). The leaves of C. paliurus also have a 
beneficial effect on the prevention of hypolipidemia 
and diabetes (Xie et al. 2001). C. paliurus leaf 
extracts strongly inhibit activities of the insulin 

inhibitory enzymes tyrosine phosphatase 1B 
(PTP1B) and pancreatic lipase (PL) (Xie et al. 
2013). Six compounds viz cyclonoside A, 
cyclospirolide, quercetin-3-O-βD glucuronide, 
myricetin-3-O- β-D_glucuronide, 7- 5-
hydroxynaphthalene-1 8-4-di-O-β-D-
glucopyranoside) isolated from leaf extracts of C. 
paliurus indicated strong inhibition against PTP1B 
with IC50 values ranging from 1.922 ± 0.480 to 
10.50 ± 2.67 μlg/mL  (Xie et al. 2013). Recently, it 
was found that the aqueous and ethanol extracts of 
C. paliurus from five different regions in 
streptozotocin-induced diabetic mice showed 
different effects against blood glucose levels, lipid 
levels and liver function (Fu et al. 2015). They 
linked the anti-diabetic potential to a high number 
of flavonoids, specially quercetin-3-O-glucuronide 
and kaempferol-3-O-glucuronids (Fu et al. 2015). 

Moreover, the defensive effect of the aqueous 
extract of C. paliurus leaves in diabetic 
nephropathy significantly ameliorated blood 
glucose and urinary protein excretion, and also 
inhibited oxidative stress and aldose reductase 
activity in the kidney (Zhang et al. 2010). 
Additionally, aqueous extract from aerial parts 
inhibits α-glucosidase and disaccharide degrading 
enzymes in murine intestinal mucosa in vitro, 
resulting in reduced absorption of glucose into the 
blood, thereby lowering blood glucose levels 
(Wang et al. 2016) 

 Further, C. paliurus extract enhances 
absorption of 2-(N-(7-nitrobenzene-2-oxa-1,3-
diaza-4-yl)amino)-2-deoxyglucose by transferring 
glucose transporter 4 (Glut4) to plasma (2NBDG) 
membrane and phosphorylation of tyrosine in 
insulin receptor substrates. The extract activates 
phosphatidylinositol 3-kinase and protein kinase B 
(Akt) in C2C12 cells through sirtuin1 (Shibata et al. 
2003). 

Its constituent, triterpenoids cyclocariosides I 
and J, and cyclocariosides K enriched glucose 
utilisation and increased activated protein kinase 
phosphorylation under basal and inflammatory 
conditions. Moreover, this not only enhances 
glucose uptake in an insulin-independent manner 
but can also restore insulin-mediated protein 
kinases by reducing the activation of IKKβ and 
regulating the phosphorylation of serine/tyrosine in 
insulin receptor substrate 1 (IRS-1) (Yoshitomi et 
al. 2017). 

In terms of anti-obesity properties, it was found 
that C. paliurus leaf ethanol extracts (2, 4 and 8 
g/kg) administered to rats for 8 weeks lowered total 
serum cholesterol, triglycerides, low-density 
lipoprotein cholesterol and elevated high-density 
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lipoprotein cholesterol levels (Zhu et al. 2015). This 
reduces body weight, reduces food utilisation and 
visceral fat mass, and reduces the total fats of 
experimental animals' cholesterol and triglyceride 
levels (Zhu et al. 2015). The extracts also lowered 
the production of apolipoprotein B48 (apoB48), a 
protein that transports exogenous fat into cells (Zhu 
et al. 2015). Another study found that its triterpenic 
acid-enriched fraction (TAE) (400 mg/kg) 
decreased levels of atherogenic lipids in rat serum 
and livers (p < 0.05) and increased serum high-
density lipoprotein cholesterol by 19.7%  (Yao et al. 
2015). 

The polysaccharide fraction of C. paliurus 
rinsed with 0.2% NaCl aqueous solution improved 
liver lipid level, blood lipid level, and antioxidant 
status and attenuates liver cell injury (Wu et al. 
2017). The polysaccharides fraction of C. paliurus 
leaves also promoted colonic health in mice 
significantly at doses of 0.15, 0.3 and 0.6 mg/g 
body weight, and lowered pH value in the caecum, 
colon and faeces (Yang et al. 2018). 

The polysaccharide also increases the 
moisture content of faecal matter; and considerably 
improved the amount of acetate, propionate, 
butyrate, total short fatty acids in the caecum and 
colon of mice fed with the polysaccharide at a does 
of 0.6 mg/g body weight (Yang et al. 2018). 

The effect of C. paliurus against diabetic 
dyslipidemia was investigated (Wang et al. 2017; 
Xu et al. 2017). C. paliurus improves insulin level, 
decreases inflammation and also controls the 
hyperlipidemic deformities (Xu et al. 2017). The 
high potential of C. paliurus for lipid metabolism in 
dyslipidemia diabetics suggests that it may be 
beneficial to identify its active components for its 
use in herbal products (Zhai et al. 2018). C. 
paliurus reduced hepatic steatosis and diabetic 
dyslipidemia  and also reduces the accumulation of 
fats in hepatocytes of diabetic mice, confirming its 
lipid regulation properties in dyslipidemia (Jiang et 
al. 2014). 

Antioxidant, anticancer, antiviral and 
immunoregulatory properties 

 Evidence showed that C. paliurus possess 
strong antioxidant, anticancer, antiviral and 
immune regulatory properties. Another study (Xie 
et al. 2013) showed strong antioxidant properties 
of C. paliurus polysaccharides, which could be  
extracted with relatively low quantity of substitution, 
molecular weight.  

Min et al. (2014) found anticancer effects of C. 
paliurus polysaccharides in the form of strong 
inhibitory effects on the growth of human gastric 

cancer HeLa cells. Additionally, C. paliurus may 
also have anticancer effects on human lung and 
breast cancer cells. For instance, bioassays of 
pentacyclic triterpenoid hederagenin derived from 
C. paliurus has been shown to have superior 
selective cytotoxicity against human breast and 
lung cancer cells (Wang et al. 2015). Additionally, 
the acetylated derivative of C. paliurus (Ac-CP) has 
a strong immuno-modulatory effect with stimulation 
of macrophage proliferation by increasing levels of 
cytokines TNF-a, IL-1 and IL-6 in the RAW264.7 
macrophages (Wang et al. 2017).  

Hederagenin, a saponin extracted from the 
leaves of C. paliurus, induces apoptosis, increases 
cell membrane permeability and inhibits NF-κB 
activation, a major transcription factor that 
regulates genes responsible for both the innate and 
adaptive immune response (Gao et al. 2015; Wang 
et al. 2015). Flavonoids isolated from C. paliurus 
such as kaempferol-3-O-β-D-glucuronate sodium, 
quercetin-3-O-β-D-glucuronate sodium, myricetin- 
3-O-β-D-glucuronate sodium can effectively resist 
the cytopathic effect of HIV-1 induced in C8166 
lymphocytes at non-cytotoxic concentrations 
(Zhang et al. 2010).  

Silvicultural development and issues 

Seed biology 
The seeds of C. paliurus exhibit 2 year-long 

periods of dormancy (Birari et al. 2007), due to the 
thick seed coat that presents a barrier to the 
emergence of the radical (Fang et al. 2006), 
Overcoming seed dormancy is necessary for active 
and cost-effective C. paliurus seedling production. 
Treatment to overcome dormancy includes treating 
seeds with cold water, gibberellin, concentrated 
sulphuric acid, scarification, stratification, and 
polyethene glycol (Li et al.  2015); Birari (2007); 
Feng et al. 2009). Stratification can be effective if 
the seeds are left to stratify over 90 days as the 
enzymatic activity increased significantly after eight 
months of stratification accompanied with the use 
of starch (45%), protein (46%) and fat (11%), and 
an increase in soluble sugar content by 101.5%. 
This was accompanied by a gradual increase in 
enzyme protease activity by 413.8%, peroxidase 
by 278.7%, lipase by 161%, glucose 6-phosphate 
dehydrogenase by 149.1% and amylase by60.6% 
(Yang et al. 2005). 

It has been reported that micropropagation of 
C. paliurus can be achieved optimally in a a 
Murashige and Skoog medium + 1.0 mgL−1 6-BA + 
0.5 mgL−1 NAA + 1.0 mg•L−1 2, 4-D accompanied 
with a 10-day period of darkness to induce leaves 
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calluses, (Deng et al. (2015). However, further 
research to optimise the micropropagation of C. 
paliurus is urgently needed for propagation at a 
commercial scale. 

Growth and physiological characteristics in 
Cyclocarya paliurus seedlings 

Experiments performed to study the effect of 
NaCl stress on C. paliurus root ion distribution and 
growth in three provenances of Huangshan in 
Anhui, Jiujiang in Jiangxi and Kunming in Yunnan 
under various NaCl stress revealed that an 
imbalance in ion concentration occurs in root 
tissues with decreasing ratios of K+/Na+ and 
Ca2+/Na+ and an increasing ratio of Na+/ K++Na++ 

Ca2+
+ Mg2+ decreases in the K+/Na+ ratio and the 

substantial increases of Cl– in root tissues led to 
declines in seedling survival and decreases in 
seedling leaf area, height, basal diameter as well 
as biomass ( Yao et al. 2009).  

Different field trials were conducted to examine 
the effect of cerium nitrate on the growth and 
physiological characteristics of C. paliurus 
seedlings ( Xie et al. 2015).  The results showed 
that spraying unusual concentrations of cerium 
nitrate on the foliage of seedlings of C. paliurus 
increased seedling height and relative growth of 
stem and soluble protein and sugar content of 
leaves (Xie et al. 2015). Supplementation of cerium 
nitrate also increased the concentration of 
secondary metabolites, including triterpenes, 
quercetin and kaempferol, mineral elements K, P, 
Mg, Mn, Fe and Cu, and increased superoxide 
dismutase (SOD), peroxidase (POX) and 
phenylalanine ammonia-lyase (PAL) activity. The 
effects of cerium nitrate on these indices were 
dose-dependent, and 0.20 mmol/l was the optimal 
concentration for promotion of the relative growth 
yield of seedling ( Xie et al. 2015). 

 Developments in silvicultural practices 
The development of silvicultural practices of C. 

paliurus is still in it’s infancy, and more applied 
research is needed.  As wood quality is significantly 
related to the latitude of the seed source and 
negatively associated with the mean provenance 
microfibril angle (MFA), C. paliurus wood quality 
can be improved over the selection of juvenile trees 
through low MFA (Deng et al. 2014). Along with 
this, controlling field growth conditions and 
improving afforestation systems are essential for 
obtaining the maximum amount of targeted health-
promoting substances. The highest accumulation 
of total flavonoid (364.4 g/plant) occurred in the 
leaves in intermediate shade and fertilisation 

treatment (Fang et al.  2011). 

CONCLUSION 
C. paliurus is a plant with a long history of use 

in Chinese folk medicines as a tea for treating 
hypertension, diabetes, lowering cholesterol, 
regulating the function of the immune system, and 
as a green vegetable. Numerous biologically active 
phytochemicals such as phenolics, terpenoids, 
flavonoids, saponins and polysaccharides have 
been isolated from the species, which are believed 
to be partly responsible for anti-hyperglycemic, 
anti-hyperlipidemic, anti-hypertensive, anticancer, 
anti-fatigue, antioxidant and antimicrobial 
properties. Our review shows that C. paliurus may 
serve as an effective and low-cost traditional 
medicine, and therefore there is a need to further 
explore the potential of the bioactive constituents in 
the species for its anti-diabetic and anticancer 
properties.  The increased exploitation of C. 
paliurus has led to declines in native populations, 
but more detailed studies are needed to ascertain 
the rate of decline in these populations.  
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