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Abstract

Eucommia ulmoides Oliv. - Gutta-percha, Hardy rubber tree, known as Du Zhong in China, is commonly used in
Chinese herbalism, being considered to be one of the 50 fundamental herbs. E. ulmoides is native to China and has
been widely cultivated in central and south-eastern regions of China and other countries worldwide. The studied
individuals have been cultivated in the Bucharest, at the University of Agronomic Sciences and Veterinary Medicine’s
Botanical Garden which maintained this species for over 40 years. Different studies have been carried out with regard
to leaf morphology, as well as the anatomy of the stem, leaf and petiole. Morphological analyses show that leaves vary
in length between 12 and 15 cm, in width between 5.2 and 8 cm, and the petiole length measures 1.5-2 cm. The leaves of
Eucommia ulmoides Oliv. feature an epidermis (upper and lower) covered by cuticle. Their mesophyll is bifacial.
Ethanolic extracts from the fresh leaves and fruits were prepared in order to determine the total phenolic, flavonoid and
associated antioxidant activity. The results showed that leaves had higher total polyphenol and flavonid content than
fruits and fruits had higher antioxidant activity than leaves. The findings of this study suggest that Eucommia ulmoides
can be also used as a dietary source of phenolic compounds with antioxidant potential.
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INTRODUCTION (Call & Dilcher, 1997). Some fossil specimens

assigned to the living Eucommia ulmoides were
Eucommia ulmoides (E.u.) (Gutta - Percha, The found from the Miocene and Pliocene in
Hardy Rubber Tree) is a small dioecious tree, Germany, Poland and Romania (Guo Shuang -
the only species of genus Eucommia (Family  Xing, 2000). The pharmacological properties
Eucommiaceae), being native to China. It has  and efficacy of E. ulmoides have been well
been widely cultivated in central and south- documented in ancient Chinese medicinal
eastern regions of China and other countries  books such as Shennong’s Classic of Materia
worldwide (Li & Du, 2001). Gutta-percha, Medica and Compendium of Materia Medica
known as Du Zhong in China, is  (Bamba et al. 2002, 2010). Some 112
commonly used in Chinese herbalism, where it compounds have been isolated from E.
is considered one of the 50 fundamental herbs ulmoides, including lignans, iridoids, phenolics,
(Duke & Ayensu, 1985). Eucommia is a  steroids and other compounds. Delicious tea
primitive angiosperm and fossils reportedly = formula made from E. ulmoides leaves was
show that a few species were distributed  reported to reduce fattiness and enhance energy
worldwide up to the late around the world  metabolism (Hussain et al., 2016). The leaf of
about 6 million years ago. Fossils of other  E. ulmoides has been found to be a rich source
Eucommia species have been found in 10 -to of aminoacids, vitamins, minerals and
35-million-year-old brown coal deposits in  flavonoids, such as quercetin, rutin and
central Europe and widely in North America  geniposidic acid (Chen et al., 2004; Takamura
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et al., 2007). The leaves of E. ulmoides have
been reported to enhance bones’ strength and
body muscles, thus leading to longevity and
promoting fertility in humans. Flavonoids are
important compounds which are common in
nature and are considered as secondary
metabolites. Analyses of E. ulmoides isolated a
total of 7 flavonoids (Cheng et al., 2000).

The effect of Eucommia ulmoides substances

is  antibacterial  (against  Acinetobacter
baumannii  and  Staphylococcus  aureus),
antifungal (against Aspergillus fumigatus),

antiviral and anti-inflammatory (Nakano, 1997;
Lv et al., 2008; Kim et al., 2009; Tsai et al.,
2010; Zang et al., 2013; Peng et al., 2014;
Kwon, 2016). Two antifungal peptides from the
bark of E. ulmoides inhibited 8 pathogenic
fungi from cotton, wheat, potato, tomato, and

tobacco, including Phytophthora infestans,
Ascochyta Ilycopersici, Verticillium dahlia,
Gibberella  zeae, Alternaria  nicotianae,

Fusarium moniliforme, Fusarium oxysporum
and Colletotrichum gossypii (Huang et al,
2002). In the Chinese traditional medicine,
Eucommia is considered a major herbal tonic
for cardiac patients (Luo et al., 2010; Greenway
et al., 2011). Antioxidant compounds from the
Eucommia plant reduced the level of free
radicals (Cai et al., 2004) and improved the
disease condition caused by oxidative stress
(Akinmoladun et al., 2010). The Eucommia
cortex extract can be used in the control of
osteoporosis. Therefore, the mentioned extract
can be established as a therapeutic agent under
conditions of osteoporosis (Ha et al., 2003).
Antioxidant properties of the Eucommia leaf
extract were also reported to contribute
positively to the promotion of bone growth by
improving cell integrity during oxidative stress
(Lin et al., 2011). Previous studies have shown
that E. ulmoides has also properties that help
the human body fight against obesity and the
antimetabolic syndrome (Hirata et al., 2011;
Kobayashi et al., 2012; Dai et al., 2013). Stem
bark extract of E. ulmoides showed higher
protection activity against memory
dysfunctions (Kuon et al., 2010; 2013). It has
also been shown that the activities of sex
hormones in the body are optimized with the
application of E. ulmoides (Ong & Tan, 2007).
Eucommia also increases the level of other
antioxidant enzymes in the blood to neutralize
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free radicals (Park et al., 2006). Aucubin,
Geniposidic contained in E. ulmoides may be
therapeutic candidates for non-alcoholic fatty
liver disease (Lee et al., 2014). B-carotene may
also be relevant to the anti-cancer effects of
Eucommia. The leaf and bark of E. ulmoides
have been widely used in traditional Chinese
medicine for the treatment of hypertension
(Deyama et al., 2001; Tagawa et al., 2005). The
leaves are also used as the basic ingredient of
Tochu tea (Du zhong tea) and the plant is
cultivated in Japan. Numerous studies have
been conducted to reveal the medicinal
properties of the species (Duke & Ayensu,
1985; Yeung Him-Che, 1985; Li Dong et al.,
1986; Hong et al., 1987; Chevallier, 1996; Yen
& Hsieh, 1998; Stuart, 1998; Zang et al., 2007;
Choi et al., 2008; Zhou et al. 2009; Zang et al.,
2009; Horii et al., 2010; Jin et al., 2010; Luo et
al., 2010; Jiang et al., 2011; Kwon et al., 2010,
2013; Li et al, 2016; Kim et al., 2012;
Fujikawa et al., 2012; Zang et al., 2012; Zang
et al., 2014; Guo et al., 2015; Li et al., 2016;
Hussain et al., 2016; Do et al., 2018). E.
ulmoides has excellent resistance to insect and
disease problems. Its general morphology, sys-
tematics, anatomy, pollen, chemical elements,
growth, development and habitat are studied for
E. ulmoides (Tippo, 1940; Metcalfe and Chalk,
1957; Metcalfe, 1967; Erdtman G., 1969;
Zhang Hong-Da et al., 1979; Cronquist, 1981,
1988; Li et al., 1981; Zavada & Dilcher, 1986;
Nakazawa et al., 2013; Zhang Yu-long et al.,
1988; Zhang Zhi-Yu et al., 1990; Zhang Kang-
Jan, 1990; Cheng Jun-Qing et al., 1992; Watson
and Dallwitz, 1992; Yan, 1999; Yu Pang et al.,
2008). In Romania, to date no studies have been
conducted regarding the morphology, anatomy
and biochemistry of this species.

MATERIALS AND METHODS

The material of Eucommia ulmoides Oliv.
(female plants) originated from the field of the
Botanical Garden of the University of
Agronomical  Sciences and  Veterinary
Medicine in Bucharest, Romania. The species
exhibits good adaptation here, having been
cultivated for more than four decades. It

showed immunity to various pests. The
material used in this study was sectioned by
hand using razor blades to obtain



semipermanent and permanent slides for
microscopic studies. Fresh leaves, stems and
petioles were collected for anatomical study in
the year 2019. Thereafter, the sections were
cleansed with chloral hydrate for 24 hours, then
washed and stained with carmine alaunate and
green iodine (Georgescu et al., 2015). Analyses
and observations of the obtained cross-sections
were performed at the Center for the Study of
Food and Agricultural Products Quality at
USAMV - Bucharest. Photos were taken and
measurements were made using the Leica

DMI1000 LED, the Leica DFC295 Video
Camera and the Leica S8 APO Stereo
Microscope,  Novex  Holland, = Optika

Microscope, as well as a Sony photocamera.
Photos were taken using a light microscope
with different magnifications. The
physicochemical analysis were carried out in
the laboratories of the Research Center for
Studies of Food and Agricultural Products
Quality, University of Agronomic Sciences and
Veterinary Medicine of Bucharest. The extracts
were prepared using 50% (v/v) ethanol, after
the pharmacopoeia method. The total phenolic
content was determined using Dobrin et al.
(2018) method, employing the Folin-Ciocalteu
reagent and expressed as mg gallic acid
equivalents per grames of fresh material (mg
GAE/g FW). Calibration curve of the gallic
acid had the folowing concentrations: 0, 5, 10,
20, 30, 40, 50, 60, 70 and 80 pg/ml. The AICI3
modified assay after Dobrin et al. (2018) was
used for quantifying the total flavonoid content
of the ethanolic plant extracts. The standard
catechine solutions for the calibration curve
were 0, 0.01, 0.05, 0.10, 0.20, 0.30, and 0.40
mg/ml. The total flavonoid content was
expressed as mg catechin equivalents/g fresh
weight (Xu et al, 2010). The radical
scavenging activity (RSA) assay was made
after Dobrin et al., 2018. The results were
expressed in DPPH inhibition percentage. All
the solvents used were of the analytical grade.
All the absorbances were measured using a
Specord 210 Plus UV/VIS spectrophotometer.
All the samples were analyzed in triplicates.

RESULTS AND DISCUSSIONS

Stem anatomy
The stem has a circular shape (Figures 1 and 2).
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Figure 1. Stem anatomy - cross section

Cross-sections performed in young stem
branches reveal an outer epidermis consisting
of a polygonal cells layer, covered by a smooth
cuticular layer.

Figure 2. Stem anatomy: cross section details

Under the epidermis there is the primary
cortex, made up of 8-12 layers of cells (see
Figure 3).

Figure 3. Stem cross-section: details of the outer region



More specifically, the primary cortex is made
up of collenchyma tissue, phellogen consisting
of 1 or 2 oblong cells, phelloderm, perycicle
with loose ring of fibers and parenchymatous
cells, xylem and phloem, as continuous
cylinders traversed by narrow rays, and
heterogeneous pith cells in the middle (see
Figure 4).

Figure 4. Stem cross-section: phloem, xylem and rays

Between the phelloderm and phloem there are
several layers of cells and fibre. The phloem
rays are made up of 1 to 3 cell columns. There
are articulated laticifers present in the phloem
and cortex, as well as scattered latex-cells in
some of the other tissues. The wood is of a
diffuse-porous type with distinct growth rings
as shown in the cross section in Figure 5.

Figure 5. Diftfuse-porous wood

There are some solitary vessels with a circular
to angular contour. The xylem rays are uni and
biseriate. Laticiferous cells are present in the
primary cortex, phloem and pith (Metcalfe &
Chalk, 1957). The xylem has small vessels (the
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average tangential diameter measures 9.43-
23.28 mm), nearly all are solitary, in shape of
half ring, porous type, with spiral thickening,
simple perforation plate (Figure 6), ovate and
elliptic, lateral wall with bordered pits and
spiral  thickenings, intervascular  pitting
uncommon owing to the solitariness of the
vessels; small, usually opposite, scalariform
perforation plate (Figure 7).

Figure 6. Cross section: simple perforation plate

The rays are almost homocellular or slightly
heterocellular.

Figure 7. Cross section: simple and scalariform

perforation plate
Leaf morphology
Leaves are simple, alternate (Figure &),

deciduous, serrate, astipulate; the blade has an
elliptical, ovate or oblong shape, varying in
length between 12 and 15 cm and in width
between 5.2 and 8 cm; the length of the petiole
measures 1.5-2 cm; hairs are simple,
unicellular; the edge is simple-serrate and
pinnate venation.



Figure 8. Leaf

If a leaf is torn across, strands of latex exuded
from leaf veins solidify into rubber and hold
the two parts of the leaf together (Figure 9).

tissue consists of 5-6 cell layers, with

intercellular spaces (Figures 10 and 11).

Figure 9. Leaf with rubber

Leaf anatomy

The leaves of E. ulmoides Oliv. feature an
epidermis (upper and lower) covered by cuticle.
Their mesophyll is bifacial; it consists of a
pallisade tissue (63.32 um), just beneath the
upper epidermis, whereas there are more
chloroplasts and a spongy tissue (87.10 pm)
toward the lower epidermis. The dorsi-ventral
blade is 174.27-130 pm thick; the upper and
lower epidermis is somewhat irregular in shape.
The upper epidermal layer consists of compact
cells (11.70 um with cuticle), while the lower
epidermis consists of one layer of cells (7.28
um), with stomata and no glandular
trichomes,unicellular The palisade tissue has
two cell layers. The cells of the secondary layer
are shorter, irregular, columnar. The spongy

Figure 11. Leaf anatomy: lamina with midrib

The vascular bundle in the middle vein has an
arc shape, with several layers of parenchyma
cells on the exterior enclosing them. There are
scattered rubber cells, 2-4 layers of
collenchyma cells under the middle vein/
midrib epidermis (Figure 12).
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Figure 12. Midrib



The leaf epidermis was scanned by through
electron microscopy (SEM) (Figures 13, 14, 15,
and 16).

Figure 13. Upper epidermis (SEM)

Figure 14. Lower epidermis: stomata, no glandular
trichomes

Figure 15. Lower epidermis: stomata, no glandular
trichomes
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Figure 16. Lower epidermis: stomata, no glandular
trichomes

Petiole anatomy

The petiole is thick, crescent-shaped, with 1-
layer cuticled epidermis; the sclerenchyma,
consisting of 4-6 layers, is present on the lower
surface of epidermis, cortex parenchyma inside,
the cells are large, 6-7 layer cells thickness.
The vascular bundle of midrib has an arc shape
(Figure 17).

Figure 17. Petiole anatomy

Phenolic, flavonoids and antioxidant activity
It was found that the total phenolic content was
higher in leaves (1398.65 mg GAE/g FW) than
in fruit (803.22 mg GAE/g FW).

Total flavonoid content was found also in a
very hight content in leaves (10,24 mg CE/g
FW) than in fruit (5.33 mg CE/g FW).

The scavenging efect on DPPH radical of
E. ulmoides leaves extract (61.40 %) was lower
than in fruits (69.79%). This results are in
accordance with the studies of Xu et al., 2018,



Wang et al., 2012, and Xu et al., 2018, who
found DPPH scavenging activity of 65.9% in
leaves extracts and Wang et al., 2012, who
found that DPPH scavenging activity of E.
ulmoides varied between 56.32% and 90.37%.

CONCLUSIONS

The morphological and anatomical studies that
we carried out on stem and leaf cross-sections,
as well as on leaf surface sections, demonstrate
for the first time in Romania the anatomy of
organs of E. ulmoides Oliv. specimens growing
in our country.

The microscopic observations performed on
leaves, petioles and stems of Eucommia
ulmoides are very significant and useful,
representing relevant information to the
specialists of systematic botany and to the
taxonomists.

These preliminary results suggest that
E. ulmoides can be an ideal candidat for
capitalizing its potential in pharmaceutical,
food and biomedical industries.
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