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Ephedrae Herba (ma-huang in Chinese), the herbal stems of Ephedra sinica Stapf,
which belongs to the Ephedraceae family, is an important crude drug in traditional Chinese
medicine. Some researchers think that this species is identical to E. distachya L., which
mainly grows in Europe. Thus, in this study, we carried out anatomical, chemical, and
molecular genetic studies on E. distachya plants collected in Switzerland, France, and
Turkey to consider whether E. distachya could be used to produce Ephedrae Herba. As a
result, we found that the morphology of the subepidermal fiber bundles in cross sections of
the herbal stems of E. distachya and the frequencies of ephedrine alkaloids in E. distachya
were quite different from those observed in E. sinica and that the DNA sequence of the
ITS1 region of E. distachya contains 11 base changes compared with that of E. sinica.
Based on these facts, we concluded that E. distachya and E. sinica should be treated as
different taxa and that, according to the prescriptions of the current Japanese and Chinese

pharmacopoeias, E. distachya is not suitable for producing Ephedrae Herba.

Key words: alkaloid, anatomical study, Ephedra distachya, Ephedrae Herba, ITS1.

The genus Ephedra, which belongs to the
Ephedraceae family, one of the three extant
genera of the Gnetales, comprises about 50
species, which are native to arid and semiarid
regions of Eurasia, northern Africa, western
North America, and South America (Price 1996).
Most species of this genus are erect or sprawling
shrubs, except for a few species of vine-like
climbing shrubs or small trees. Since ancient
times, the aerial parts of Ephedra plants have
been used for treating colds, coughs, bronchitis,

etc. in traditional Japanese medicine (Kampo)
and traditional Chinese medicine (TCM) (Tang
2002), under the name ma-huang (Ephedrae
Herba). The ephedrine group alkaloids
contained in Ephedrae Herba are considered
to be active constituents and have been used as
bronchodilators or decongestants against asthma
or colds in Western medicine.

Ephedra sinica Stapf, one of three plant
sources of Ephedrae Herba prescribed in both
the Japanese and Chinese Pharmacopoeias, was
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denominated in 1927 on the basis of a specimen
collected in Hebei Province (Stapf 1927). This
species is distributed from central China (Gansu
province) and Mongolia, eastward up to the Gulf
of Bohai (Hebei province) and the northeast of
China (Jilin province) (Cheng 1978, Fu et al.
1999). Due to its relative abundance in nature,
E. sinica dominates the crude drug market in
China (Hong et al. 2011a). However, the export
of Ephedrae Herba has been restricted in order to
conserve natural ephedra resources and prevent
desertification since 1999. Considering the
continued use of Ephedrae Herba, substitutes for
E. sinica should be sought.

Ephedra distachya L. was the first candidate
that we considered might be a useful substitute
for E. sinica because some researchers think that
it is identical to E. sinica. Ephedra distachya
was denominated in 1753 by Linnaeus and is
widely distributed from Europe to west central
Asia (Linnaeus 1753). Ephedra distachya
subsp. helvetica (C. A. Mey.) Asch. & Graebn.
was found in the dry Rhone valley in the
Swiss Alps and was recorded as a variety of
E. distachya, based on its slightly longer and
twisted micropylar tubes. In morphology-based
studies of plant taxonomy, it has been suggested
that E. sinica and E. distachya subsp. distachya
are conspecific as they both possess fleshy
2-seeded female cones and have rather short
micropylar tubes (Kitagawa 1939, Yang 2002),
whereas others have indicated that they can be
distinguished by the size of the opening at the
tips of their micropylar tubes and the shape of
the free parts of their leaves (Cheng 1978, Fu et
al. 1999). Recent molecular studies have shown
that E. distachya subsp. distachya and E. sinica
belong to the same clade but different subclades
(Ickert-Bond and Wojciechowski 2004, Huang
et al. 2005, Rydin and Korall 2009, Kakiuchi et
al. 2011). However, because plants of the Genus
Ephedra are polyphyletic, some species such as
E. przewalskii Stapf and E. intermedia Schrenk
& C. A. Mey., whose cone bracts and micropylar
tubes are morphologically different from those
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of E. sinica and E. distachya, remained nested
together with the latter species after molecular
analysis (Ickert-Bond and Wojciechowski
2004, Rydin and Korall 2009, Kakiuchi et al.
2011). Moreover, E. intermedia can be easily
distinguished by its long and spiral micropylar
tube, but different accession samples of the
species have been placed in different clades
(Kakiuchi et al. 2011). Considering these
conflicting results, it is not suitable to separate
E. sinica from E. distachya (subsp. distachya)
using molecular data alone.

Besides molecular studies, attempts have
been made to discriminate between Ephedra
species using the anatomical characteristics
of their stems (Chen 1989, Zhang 1989b,
Fushimi 2008) or their ephedrine contents (Liu
1993, Hong 2011b) and have succeeded in
identifying some Ephedra plants from China.
However, no samples of E. distachya subsp.
distachya from Europe have been subjected
to studies of these two features. Thus, in the
present study, anatomical, phytochemical, and
molecular assessments were carried out on
samples of E. distachya subsp. distachya and
E. distachya subsp. helvetica collected from
France, Switzerland, and Turkey, and the results
were compared with those for E. sinica. Our
intention is to clarify whether E. distachya and
E. sinica are the same species and investigate the
possibility of using E. distachya as a substitute
for E. sinica in Chinese medicine.

Materials

Ephedra distachya subsp. distachya plant
materials were collected in France in 2011 and
in Turkey in 2009 and 2012, and E. distachya
subsp. helvetica plant materials were collected
in Switzerland in 2008. Each field study was
performed in July or August, the seed-maturing
season. All the plant specimens were collected
by M. Mikage or M. Mikage & al., and were
deposited in the Herbarium of the Faculty of
Pharmaceutical Sciences, Kanazawa University
(KANP), Japan.
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1. Ephedra distachya subsp. distachya

France. Saint-Jean de Védas (Heérault), open hill slope,
9 km southwest of Montpellier, 43°33'03.3" N, 3°49'24.1"
E, alt. 5 m (17 Sep. 2011, 1109171); Etang du Ponant, Le
Boucanet, Le Grau-du-Roi (Gard), sandy shore of a lake,
20 km southeast of Montpellier, 43°33'31.4" N, 4°07'17.9"
E, alt. 5 m (17 Sep. 2011, 1109172); Etang du Ponant, Le
Boucanet, Le Grau-du-Roi (Gard), sandy shore of a lake,
20 km southeast of Montpellier, 43°33'42.4” N, 4°07'04.8"
E, alt. 5 m (17 Sep. 2011, 1109173); Le Grand Travers,
between Carnon and La Grande-Motte (Hérault), a sandy
beach bordering the Mediterranean Sea, northern side of
road D59, 13 km southeast of Montpellier, 43°3320.3"
N, 4°01'03.2" E, alt. 5 m (17 Sep. 2011, 1109174); Le
Grand Travers, between Carnon and La Grande-Motte
(Hérault), sandy beach bordering the Mediterranean Sea,
northern side of road D59, 13 km southeast of Montpellier,
43°33'23.2" N, 4°01'16.1" E, alt. 5 m (17 Sep. 2011,
1109175); Les Aresquiers, Vic-la-Gardiole (Hérault),
sandy shore, between Mediterranean and Etang de Pierre
Blanche, 16 km southwest of Montpellier, 43°28'51.2" N,
3°50"37.5" E, alt. 5 m (17 Sep. 2011, 1109176); north of
Etang de Pissevaches, Cabanes de Fleury, Fleury-d’Aude
(Aude), west of a naturist resort, 1.2 km inland from the
beach, 15 km south of Beziers, 43°12'29.1" N, 3°12'41.3"
E, alt. 5 m (18 Sep. 2011, 1109181); Réserve Naturelle
du Mas Larrieu, Argelés-sur-Mer (Pyrénées-Orientales),
near the beach and south of the Le Tech river, 18 km
southeast of Perpignan, 42°35'15.6” N, 3°02'37.9" E, alt.
5 m (19 Sep. 2011, 1109191); between Saint-Cyprien et
Canet (Pyrénées-Orientales), sandy coastal land near the
southern end of Lake Canet-St-Nazaire, 14 km southeast
of Perpignan, 42°38'31.1” N, 3°02'13.7" E, alt. 5 m (19
Sep. 2011, 1109192); between Saint-Cyprien et Canet
(Pyrénées-Orientales), near the baraques de pécheurs,
eastern side of Lake Canet-St-Nazaire, 13 km southeast
of Perpignan, 42°39'37.7" N, 3°02'07.3” E, alt. 5 m (19
Sep. 2011, 1109193); Torreilles (Pyrénées-Orientales),
sandy beach, south of Torreilles Plage, 15 km northeast
of Perpignan, 42°45'26.9" N, 3°02'26.5" E, alt. 5 m (19
Sep. 2011, 1109194); Torreilles (Pyrénées-Orientales),
sandy beach near the mouth of the River L'Agry, 16 km
northeast of Perpignan, 42°46'40.0” N, 3°02'27.7" E, alt.
5 m (19 Sep. 2011, 1109195); Port Barcarés (Pyrénées-
Orientales), sandy land along the Mediterranean coast, near
Mas de 17lla, 20 km northeast of Perpignan, 42°48'48.6"
N, 3°4826.5" E, alt. 5 m (19 Sep. 2011, 11091961;
11091962); Les Coussoules, La Franqui (Aude), sandy land
near a camping ground, north of Leucate, 30 km north of
Perpignan, 42°56'45.0" N, 3°02'09.6" E, alt. 5 m (19 Sep.
2011, 11091971; 11091972); Les Coussoules, La Franqui
(Aude), edge of the tideland near a camping ground, north
of Leucate, 30 km north of Perpignan, 42°56'57.2" N,
3°20'09.6" E, alt. 5 m (19 Sep. 2011, 1109198).

Turkey. B5 Kayseri, Yilanli Mountain, Sallibayir,
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Kulakli Baglari, alt. 1170 m (07 Jul. 2009, 09070701);
Kayseri, 38°42'52" N, 35°26'04" E, alt. 1170 m (29 Jun.
2012, U62911).

2. Ephedra distachya subsp. helvetica

Switzerland. Sien. The slope around Sion castle,
46°13'40" N, 7°21'41" E, alt. 700 m (08 Aug. 2008,
0808S1; 0808S2; 0808S3); the back of Sion castle,
46°13'40" N, 7°21'41" E, alt. 700 m (08 Aug. 2008,
0808S5-1; 0808S5-2; 0808S6-1; 0808S6-2).

3. Ephedkra sinica

China. Inner Mongolia. Chagannaoer, 60 km south
of Sonid Zuogqi, grassland, 43°2449.2” N, 113°05'04.6”
E, alt. 1030 m (16 Aug. 2007, 7081605); 10 km from
Bayachagan, Abagaqi, grassland, 43°59'30.4" N,
115°0657.0" E, alt. 1200 m (17 Aug. 2007, 7081706);
along Axi Highway marker 75, Dongwujimgqin, grassland,
44°33'34.1" N, 115°53'32.2" E, alt. 1060 m (18 Aug. 2007,
7081803); along road 304 marker 510, 340km south of
Tongliao, 43°19'53.7" N, 122°13'33.2" E, alt. 240 m (21
Aug. 2007, 7082102). Liaoning Province. Along road
304, Zhangwu County, beside the railway, 42°46'20.8"
N, 122°26'10.8" E, alt. 255 m (21 Aug. 2007, 7082104).
Hebei Province. Seashore, near the mouth of the Nandaihe
river, 39°47'57.1" N, 119°26'11.8" E, alt. 2 m (22 Aug.
2007, 070822A01; 070822A02; 070822A03).

Methods

Anatomy

Transverse sections of internodes or
herbal stems were examined using an optical
microscope without treatment or after
clarification with chloral hydrate solution.
Three stems with one to six secondary xylem
cell layers between their vascular bundles
were chosen from each of the specimens to
ensure that the experimental stems displayed
uniform maturity. The following parameters
were examined: the longitudinal and transverse
lengths of the herbal stem and cambium ring;
the presence of cuticular protuberances; and
the numbers of subepidermal, cortical, and pith
fibers. Moreover, the ratio of subepidermal fiber
bundle length to cortex length was calculated for
the 5 longest subepidermal fiber bundles in each
stem. We also measured the angle between the
two long edges of the subepidermal fiber bundle,
as shown in Fig. 1A. This value was considered
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to be negative if the lines extrapolated from the
two long edges intersected on the epidermal
side.

Analysis of alkaloid content

Sample preparation for high-performance
liquid chromatography (HPLC) analysis

First, 0.1 g powdered samples, which had
been dried at 105°C for 15 h, were suspended in
5.0 mL of the mobile phase and then left at room
temperature for 20 min, after which sonication
extraction was performed for 20 min. After
being centrifuged at 3000 r/min for 15 min,
the supernatant solution was filtered through
a membrane filter (pore size: 0.45 um) into a
HPLC vial, which was then capped.

HPLC conditions

The analysis was performed using a Hitachi
Elite LaChrom HPLC system, consisting of an
L-2130 pump, an L-2200 auto sampler, and an
L-2400 UV detector. An ODS column was used
as the analytical column (4.6 mm, 250 mm).
The mobile phase consisted of 195 mL CH;CN,
305 mL H,0, 0.4 mL H;PO,, and 2.4 g sodium
dodecyl sulfate. The flow rate was 1.0 mL/min,
the sample injection volume was 10 puL, and the
detector monitored the eluent at 210 nm.

DNA preparation, PCR amplification and
Sequencing

Dried twigs were cut into pieces, frozen
in liquid nitrogen, and ground into a powder.
Using a DNeasy Plant Mini Kit (Qiagen), DNA
was extracted according to the manufacturer’s
protocol. The primer sets for Eph-1F (GAC
GTC GCG AGA AGT TCA TT) and 5.8S-R
(CGG GAT TCT GCA ATT CAC AC) designed
by Kakiuchi were used to amplify the ITS1
region. Standard PCR was carried out in a 25
pL reaction mixture containing 2.5 pL of 10x
PCR buffer for KOD-Plus, 0.2 mM of each
dNTP, 1 mM MgSO,, 0.4 M of each primer,
approximately 100 ng of the DNA sample,
and 0.5 units of KOD-Plus DNA polymerase
(Toyobo). The cycling parameters used for the
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PCR were as follows: 94°C for 2 min; 30 cycles
of denaturation at 94°C for 15 s, annealing at
55°C for 30 s, and elongation at 68°C for 45 s;
and a final elongation step at 68°C for 5 min.
Three microliters of the PCR product were
used for agarose gel electrophoresis, and the
remaining product was purified using the QIA
quick PCR Purification Kit (Qiagen).

The purified PCR products were sequenced
using a BigDye Terminator Cycle Sequencing
Kit (Applied Biosystems) on an ABI PRISM
310 Genetic Analyzer (Applied Biosystems).

 Result and Discussion

Microscopic characteristics of the herbal stems
1. Ephedra distachya subsp. distachya
Generally, the transverse sections were
circular or elliptical in shape, and there were
many ridges and furrows on their surfaces.
Cuticular tubers were observed on the ridges,
and stomata with guard cells were located within
the furrows. The epidermal cells were arranged
compactly and were covered with a thick
cuticle. Below the surface, ridges composed
of fiber bundles with rectangular shapes (Fig.

1B, C) were in contact with the epidermis. In

the samples from France, the longest 5 of these
subepidermal fiber bundles were 149.44 + 22.87
um in length and accounted for 42 + 6% of
the cortex, whereas those of the samples from
Turkey measured 165.78 + 26.28 pm in length
and accounted for 50 + 7% of the cortex (Table
1, Fig. 1B, C). The cortex mainly consisted of
parenchyma cells, including radially elongated
palisade cells in the outer cortex and circular
cells in the inner cortex. Many fibers or small
groups of fibers with irregular shapes were
scattered throughout the cortex, and the samples
from France contained many more of these fibers
than the samples from Turkey (Table 1, Fig. 1B,
C). The individual collateral vascular bundles
were triangular and arranged in a ring, and their
phloem bundles were usually capped by fibers.
The pith consisted of large parenchyma cells,
most of which were circular and were frequently
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Fig. 1. Transverse section of herbal stems of Ephedra distachya and E. sinica. A. Angle of tip of subepidermal bundle fiber. a. Negative value.
b. Positive value. B, C. E. distachya subsp. distachya. B. 1109173 (France). C. 09070701 (Turkey). D, E. E. distachya subsp. helvetica. D.
No fiber existed in the pith (0808S5-2). E. Fibers existed in the pith (0808S6-2). F. E. sinica (7081706). Abbreviations: ¢, cambium; ep,
epidermis; fbc, fiber bundle in the cortex; fbe, subepidermal fiber bundle; fbp, fiber bundle of the vascular bundle sheath; fin, fiber in pith;
m, pith; ph, phloem; sto, stoma; xy, xylem.
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Table 1. Anatomical characteristics of transverse sections of herbal stems of Ephedra sinica and E. distachya

E. distachya ssp. distachya (France)

E. distachya ssp. distachya (Turkey)

E. distachya ssp. helvetica

E. sinica

Shape of transverse sections

Longitudinal length of herbal stem
(mm)

Transverse length of herbal stem
(mm)

Longitudinal length of cambium ring
(mm)

Transverse length of cambium ring
(mm)

Existence of cuticular protuberances
Number of subepidermal fiber bundles
Number of fiber bundles in the cortex

Number of parenchyma cell layers
in the cortex

Number of palisade cell layers
Number of fibers in the pith

Mean length of subepidermal fiber
bundles (longest 5 stems, pm)

Ratio of subepidermal fiber bundle length
to cortex length (longest 5 stems)

Mean angle of the subepidermal fiber
bundle tip (longest 5 stems, °)

circular, elliptical

1.21-1.95 (1.53 £ 0.16)”
1.08-1.80 (1.44 + 0.16)
0.47-0.95 (0.68 + 0.12)
0.39-0.81 (0.55 + 0.12)
present
15-30 (20.23 £3.51)
10-92 (41.68 £ 13.79)
4-7
2-3
8—137 (49.08 + 30.47)

92.06-243.68
(149.44 + 22.87)

0.25-0.65
(0.42 % 0.06)

~17.4-40.7
(11.3+423)

elliptical, triangular

1.32-1.73 (1.50 £ 0.16)
1.14-1.55 (1.34 + 0.15)
0.58-0.91 (0.75 % 0.12)
0.45-0.70 (0.60 + 0.09)
present
19-31 (23.17 + 4.79)
1243 (27.50 + 14.54)
5-7

2-3

109.36-213.16
(165.78 + 26.28)

0.36-0.68
(0.50 % 0.07)

5.4-30.3
(16.4=2.4)

circular, elliptical

1.17-1.67 (1.41 £ 0.15)
1.17-1.59 (1.33 £ 0.13)
0.47-0.85 (0.67 £ 0.11)
0.35-0.72 (0.54 £ 0.11)
present
15-24 (20.37 £ 2.67)
1-19 (6.53 + 5.54)
4-5
2-3
0-25(8.53 £ 8.56)

61.52-188.77
(127.92 + 29.39)

0.21-0.63
(0.40 + 0.07)

~1.4-50.8
(16.1 + 6.0)

elliptical, circular™®, triangular*

1.27-1.74 (1.46 £ 0.14)
1.14-1.53 (1.27 £ 0.11)
0.68-1.10 (0.82 £ 0.11)
0.50-0.77 (1.41 £ 0.08)
present
14-28 (19.96 + 3.22)
0-48 (9.50 £ 12.00)
5-6
2-3
0-9 (1.29 +2.77)

62.03-153.55
(95.90 + 12.99)

0.21-0.46
(0.34 + 0.04)

48728
(33.0 £8.2)

@ *: unusual finding.
» (MEAN £ S.D.).
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Fig. 2. Ephedrine and pseudoephedrine contents of Ephedra distachya. E. Ephedrine. PE.

Pseudoephedrine.

filled with brown matter. Large numbers of
fibers were observed in the pith of the samples
from France, but no fibers were observed in the
pith of the samples from Turkey (Table 1).

The anatomical characteristics of transverse
sections of this species’ herbal stems have been
described previously using samples from China,
but the results reported by these studies regarding
the length and shape of the subepidermal fiber
bundles were different from ours (Konoshima
1945b, Xu et al. 1992). Conversely, other studies
have reported that E. distachya subsp. distachya
samples collected from Inner Mongolia and
Qinghai Province, China, belonged to the
same species as E. sinica (Fushimi 2008),
and another study could not confirm whether
samples identified as E. distachya from Xinjiang
Province, China, belonged to the same species
as those from Europe (Fu et al. 1999).

2. Ephedra distachya subsp. helvetica
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The anatomical characteristics of E.
distachya subsp. helvetica were similar to
those of E. distachya subsp. distachya (Fig. 1).
However, 3 samples (080851, 0808S5-1, 2)
contained less than 5 cortex fibers, and 2 of these
samples (0808S1, 0808S5-1) contained no fibers
in their pith (Fig. 1D). Other samples had more
fibers in their cortex and pith (Fig. 1E). Thus,
there was a great deal of variation in the findings
for E. distachya subsp. helvetica (Table 1).

3. Ephedra sinica

The anatomical characteristics of E. sinica
have been reported previously (Kimura 1930,
Konoshima 1945a, Zhang 1989b, Fushimi
2008), and their results were in agreement
with ours. Compared with E. distachya and E.
distachya subsp. helvetica, E. sinica had shorter
subepidermal fiber bundles (Table 1), which
were almost trapezoidal in shape (Fig. 1F).
Moreover, fewer fibers were observed in the
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Table 2. Mutations in the ITS1 region of Ephedra distachya and its related species

Nucleotide sequence of the ITS1 region

80 223 403 645 762 774 810 894 899 910 914 915 1023 1131 1134
E. distachya ssp. distachya C G — C T G A C T C A G C Y T
(GU 065272)
E. distachya ssp. distachya (France) * * * * * * * Y * * * * * * *
1109173, 1109176
E. distachya ssp. distachya (France) S * * * * * * * * * * * * * *
1109191
E. distachya ssp. distachya (France) * * * * * * * * * * * * * * *
12 samples
E. distachya ssp. distachya (Turkey) * T * * * * * * * * * * * * *
2 samples
E. distachya ssp. helvetica (Switzerland)  * T * * * * * * * s * * * * #
6 samples
E. sinica * * A A C T C * C A G T A C C
(AY 394071)

*: same as the top sequence.

—:gap.,Y:CorT,S:Cor G.
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cortex and pith of E. sinica than in those of the
E. distachya samples collected in France (Table
1, Fig. 1F).

Ephedrine alkaloid content (Fig. 2)
1. Ephedpra distachya subsp. distachya

There were no significant differences in the
total amount of ephedrine alkaloids (ephedrine
and pseudoephedrine) between the E. distachya
subsp. distachya samples from France (mean:
0.36 £ 0.29%) and Turkey (mean: 0.17 +
0.17%). We also noticed that the ephedrine
levels of all of the samples were so low that they
could hardly be quantified. Moreover, only 3 of
21 samples met the requirements of the Japanese
Pharmacopoeia (more than 0.7%), which
suggests that E. distachya subsp. distachya
does not have potential as a source of Ephedrae
Herba.

However, two previous studies have reported
that E. distachya subsp. distachya contained
more ephedrine than pseudoephedrine (Moriyasu
1984, Kajimura 1994), which was contrary to
our results. We noticed that the plant materials
they used were cultivated in the Botanical
Garden of Gifu College of Pharmacy and the
Faculty of Pharmaceutical Sciences of Osaka
University, respectively. However, they did not
provide clear information about the provenance
of their cultivated plants, so the differing results
might have been due to the samples having
different origins. It was reported that the alkaloid
content of Ephedra plants was influenced by the
area in which they grew (Zhang 1989a) and soil
alkalinity (Kondo 1999), so we consider that the
samples being grown in different environments
is a reasonable explanation for the differences
between their and our alkaloid content results,
especially considering that Japan is not the
natural habitat of E. distachya subsp. distachya.

2. Ephedra distachya subsp. helvetica

Only one of the Ephedra distachya subsp.
helvetica seven samples had their ephedrine
alkaloid contents quantified, so we were not able

B8E H3F
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to reach any conclusion about the ephedrine/
pseudoephedrine (E/PE) ratio. In addition, in the
sample that was tested only pseudoephedrine
was detected. Thus, like E. distachya subsp.
distachya, Ephedra distachya subsp. helvetica
could not be used as a source of Ephedrae
Herba.

Nucleotide variations in the ITSI regions of
Ephedra distachya and E. sinica (Table 2)

Among 19 accession samples of E. distachya
from France, two accession samples (1109173,
1109176) displayed substitutions at position
894, and 1 accession sample (1109191) had a
substitution at position 80, whereas the other
accession samples displayed identical ITS1
regions as the accession sample reported in
a previous study (Kakiuchi et al. 2011). The
specimens from Turkey displayed the same
sequences as the E. distachya subsp. helvetica
samples from Switzerland, whose ITS1 regions
differed from those of the E. distachya subsp.
distachya samples from France due to a
substitution at position 223. In contrast to the
accession samples of E. distachya, whose ITS1
region sequences were reasonably similar, E.
sinica was found to display about 12 nucleotide
differences compared with the E. distachya
subsp. distachya samples from France, including
a nucleotide insertion at position 403. Besides
these 12 nucleotide differences, E. sinica
differed from the E. distachya subsp. distachya
samples from Turkey and E. distachya subsp.
helvetica at position 223, whereas it displayed an
identical sequence to the E. distachya samples
from France.

Comparisons between Ephedra distachya and E.
sinica
Microscopic characteristics

We first tried to discriminate between F.
distachya and E. sinica according to the numbers
of fibers in the cortex and pith because these
features have often been used by researchers
to identify the official origins of Ephedrae
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Herba including £. sinica (Konoshima 1945a,
1945b, Zhang 1989b, Xu et al. 1992, Fushimi
2008). Although some values overlapped, the E.
distachya subsp. distachya samples from France
could be separated from E. sinica using these
parameters (P < 0.001), as well as from the E.
distachya subsp. distachya samples from Turkey
(P<0.001) and the E. distachya subsp. helvetica
samples from Switzerland (P < 0.001). However,
the other samples could not be distinguished
from each other according to the morphology of
the fibers in their cortex or pith.

On the other hand, we noticed that the
subepidermal fibers of the E. distachya and E.
sinica samples displayed different morphologies.
Statistical analysis showed that the mean length
of the longest 5 subepidermal fiber bundles in
E. distachya was longer than that in E. sinica
(E. distachya subsp. distachya: P < 0.001;
E. distachya subsp. helvetica: P < 0.001). As
subepidermal fiber bundles might be longer
in places where the cortex is wider, we also
calculated the ratio of the length of subepidermal
fiber bundles to the length of the corresponding
cortex. The results confirmed that E. distachya
has longer subepidermal fiber bundles than
E. sinica (E. distachya subsp. distachya: P <
0.001; E. distachya subsp. helvetica: P < 0.001).
We examined the mean angle of the tip of the
longest 5 subepidermal fiber bundles as another
parameter of subepidermal fiber morphology and
found that E. distachya displayed smaller angles
than E. sinica (E. distachya subsp. distachya: P <
0.001; E. distachya subsp. helvetica: P < 0.001),
and it was indicated that the subepidermal fiber
bundles of these two species are rectangular.
Thus, we conclude that E. distachya can be
morphologically distinguished from E. sinica
using this feature.

Ephedrine alkaloid content and DNA sequence
of ITS1 region

In chemical analysis, we found that the
alkaloid content of E. distachya was much
lower than the values reported for E. sinica by
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us (Wang 2010) and other researchers (Hong
2011b), although the ranges of the two species
overlapped a little. Moreover, E. distachya
hardly contained any ephedrine. In contrast,
we previously found that E. sinica normally
contains more ephedrine than pseudoephedrine
(Wang 2010), while a recent report also found
that the E/PE ratio of E. sinica was greater than
0.7 (Hong 2011b). Therefore, we concluded that
E. distachya is phytochemically different from
E. sinica.

At the same time, both our molecular
phylogenetic results and those reported
previously (Ickert-Bond and Wojciechowski
2004, Huang et al. 2005, Rydin and Korall 2009,
Kakiuchi et al. 2011) showed that £. distachya
possesses a different ITS1 region from E. sinica.

Comparisons between Ephedra distachya subsp.
distachya and E. distachya subsp. helvetica
Microscopic characteristics

The Ephedra distachya subsp. distachya
samples from France could be easily
distinguished from E. distachya subsp. helvetica
according to the morphology of the fiber bundles
in their cortex (P < 0.001) and pith (P < 0.001).
The length (P < 0.001) and angle (P < 0.01) of
the subepidermal fiber bundles of these two
species were also found to differ. It was difficult
to determine the botanical characteristics of
the E. distachya subsp. distachya samples
from Turkey because only two samples were
studied, but generally they did not display any
significant difference from E. distachya subsp.
helvetica with regard to the morphology of the
fiber bundles in their cortex or pith; however,
they did have significantly longer subepidermal
fibers than the E. distachya subsp. distachya (P
< 0.001) samples from France and E. distachya
subsp. helvetica (P < 0.001). Thus, we concluded
that these longer subepidermal fiber bundles can
be used to differentiate between E. distachya
subsp. distachya and E. distachya subsp.
helvetica. It was unclear why the E. distachya
subsp. distachya samples from France had many
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more fiber bundles in their cortex and pith than
those from Turkey, although we consider that
environmental differences might have played a
role as the plants from France grew on a sandy
seashore while those from Turkey grew in the
clay soil at the foot of a mountain.

Ephedrine alkaloid content and the DNA
sequence of the ITS1 region

Chemical analysis showed that E. distachya
subsp. helvetica hardly contained any alkaloids,
which was different from E. distachya subsp.
distachya. In addition, a molecular phylogenetic
study showed that these two species possessed
no more than two nucleotide variations in their
ITS1 regions.

Conclusion

We concluded that Ephedra distachya and
E. sinica differ to some extent, based on the
differences in the shapes of their subepidermal
fiber bundles, their E/PE ratios, and their ITS1
region sequences. Thus, we suggest that these
two species represent different taxa although
they are morphologically similar.

This study is supported by a Grant-in-Aid
from the Japan Society for the Promotion of
Science (No. 20255005 to M. Mikage).
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Studies of Cultivation of Ephedra Plants (part 2).
Effect of sea water on the growth and alkaloid content of Ephedra sinica Stapf
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Summary

Ephedra plants have salt tolerance to some degree. We reported the salt tolerance of ephedra in
germination stage in the previous paper. In this study, we report the salt tolerance of ephedra in
growing stage, comparing with some wild plants, and the effect of salt water on alkaloid content
of ephedra. The result showed that the salt tolerance of Ephedra sinica Stapf was superior than
Amphicarpaea edgeworthii Benth. and Artemisia indica Willd. var. maximowiczii H.-Hara (=
Altemisia princeps Pamp.), same as Imperata cylindrica Raeusch., and less than Chenopodium
album L. Moreover, the alkaloid content of herbal stem of ephedra intentionally increased by

giving the artificial sea waters thinned to 1/16 once a week.
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