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Geographical variations of the inner structures of the herbal stems of Ephedra
gerardiana Wall. ex Stapf and E. pachyclada Boiss. of the family Ephedraceae related to
longitudinal and altitudinal changes were studied. In E. gerardiana, longitudinal geoclines
on the diameter of the herbal stem and the number of subepidermal fiber bundles, the plant
in the western areas tended to have bigger stems in diameter and more subepidermal fiber
bundles than those in eastern areas were recognized. In E. pachyclada altitudinal
geoclines that the plant growing at higher ground tended to have more fibers in a
subepidermal fiber bundle and more pith fibers were recognized. Moreover, local
variations were recognized in both species; in E. gerardiana, most of the plants from Mid.
Western Nepal had more than 40 cortical fiber bundles and less than 50 pith fibers, and
in E. pachyclada those from Mid. Western Nepal had smaller stems in diameter and more
cortical fiber bundles, etc. These results enables to estimate original localities of Tibetan

crude drugs of Ephedra.

Plants of Ephedra (Ephedraceae) are well
known medicinal resources, including an al-
kaloid ephedrine. In the previous paper
(Mikage and Kondo 1996) we reported that E.
gerardiana Wall. ex Stapf and E. pachyclada
Boiss. growing in Himalayan region were dis-
tinguished anatomically by the difference of
the number of subepidermal fiber bundles in
the cross section of herbal stems. It was also
revealed that many anatomical characters
showed wide intraspecific variations.

As to the variations of outer morphology
and alkaloid contents in relation to different
habitat of E. pachyclada, Mikage et al. (1987)
reported that the plant growing at dried places
or the upper part of a slope had rather shorter
internodes than those growing at wet places or

(Continued from J. Jpn. Bot. 71(6), 323-332, 1996)

the bottom of a slope, and the former contains

more alkaloids than the latter in amount.

In the Chinese traditional medicine, it has
been said that the original locality of medicinal
plant is an important information to evaluate
the medicinal value of it. Though it is gener-
ally difficult to identify the original locality of
crude drugs circulated in the markets, it may
become possible if local characteristics are
found in the inner structures of the drugs.

On the other hand, there have been-a few
anatomical reports on the geoclinal variation
in the size of the vessel elements in the genera
Symplocos (Oever et al. 1981) and Ilex (Bass
1973), and in the family Oleaceae (Bass et al. -
1988), correlated to latitude or altitude.

In this report, to study geoclinal variations
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in the anatomical characters of E. gerardiana
and E. pachyclada, each anatomical character

of the internodes in considering the collecting

places of the experimental materials such as
longitude and altitude is examined. Based on
the results, the original locality of Tibetan
crude drugs TSHE and BALU, the whole plant
of Ephedra spp. (Mikage and Kondo 1996)
are estimated.

Materials and Methods

In addition to the materials used in the
previous paper (Mikage et al. 1996), four
plants are newly examined.

Ephedra gerardiana — Mid. Western Ne-
pal, Karnali Zone, Dolpa Dist., between Hanke
and Sumduwa [G57: Watanabe et al. (WT)
9507108 £, between Sumduwa and Ringmo
[G58: WT9507004 %], E. pachyclada — Mid.
Western Nepal, Karnali Zone, Dolpa Distr.,
. between Dunai and Juphal Airport [P62:
WT9507112%. P63: WT9507116 £].

The cross sections of three internodes of
herbal stems arbitralily chosen fromeach plant
were observed and the average value of the
three was obtained in each of the anatomical

characteristic such as the diameter of stem, -

number of subepidermal fiber bundles, maxi-
mum number of fibers in a subepidermal fiber
bundle, number of cortical fiber bundles, and
number of fibers in the peripheral part of pith.
And the correlations between these average
values and the longitude and altitude of the
collecting points of experimental materials
were examined. Besides, 10 herbal stems were
examined to know the variations in one plant,
and five plants to know the variations in a
colony.

For the convenience of studying local vari-
ations, the areas where the samples of E.
gerardiana were collected for this study are
divided into five by administrative divisions;
i.e., the Areas I (Mid. Western Nepal), 1l
(Western Nepal), III (Central Nepal), I'V (East-
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ern Nepal), and V (Sikkim and Bhutan). So as
the Area Il where the samples of E. pachyclada
were collected is altitudinally divided into five
zones; the Alt. zones i (between Larjung and
Tukuche, 2460 to 2620m above sea level), ii
(between Tukuche and Jomsom, 2600 to
2690m), iii (between Jomsom and Kagbeni,
2700 to 2815m), iv (between Kagbeni and
Jharkot, 2840 to 3340m), and v (between
Jharkot and Muktinath, 3380 to 3460m).

Results

The variation range of measured values of
each anatomical character and their coeffi-
cient of variation (C.V.) calculated in one
plant, in a colony, in each Area, in each Alt.
zone, and in materials, respectively, are shown
in Tables 1 on E. gerardiana and 2 on E.
pachyclada.

I. Anatomical variation relating to longi-
tudinal change .

1. Ephedra gerardiana (Table 1, Fig. 1)

1) Diameter of herbal stem (Fig. 1-1)

The diameter of herbal stem is rather stable
in one plant and in a colony; the C.V. is 6.4%
and 1.8%, respectively. The western samples
tend to have bigger stems than the eastern ones
in diameter. Though the significant difference
(p<0.05) is recognized between average val--
ues in the Area ] and Area V, the variation is
geographically successive from west to east:
the correlation coefficient (C.C.) is —0.521.

2) Number of subepidermal fiber bundles
(Fig. 1-2)

Number of subepidermal fiber bundles is
rather variable in one plant, the C.V.is 11.0%.
Generally to say, the western plant has more
subepidermal fiber bundles than eastern one:
C.C. is —0.437. Though the significant differ-
ence (p<0.05) is recognized between the aver-
age values in the Area 1 and Area V, the
variation is geographically successive.

Besides, in the Area 11, a local variation is
recognized; i.e., plants growing along the
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- Kaligandaki river between Tukuche, Yak
Kharka, and Alubari have exceptionally few
fiber bundles, 15 to 19.

3) Maximum number of fibers in a subepi-
dermal fiber bundle (Fig. 1-3)

Maximum number of fibers in a subepider-
mal fiber bundle is variable to some extent.
Though the variation is successive, character-
istic local variations are recognized; i.e., the
plants from the Area V show bigger values,
while those from III and IV show smaller
values.

4) Number of cortical fiber bundles (Fig.
1-4)

Since most of the plants have few cortical
fibers, the C.V. calculated become enormously
big. Therefore, as to this character, the stand-
ard deviation (S.D.) is examined instead.

Though a large intraspecific variation is
recognized on this character, it is rather stable
in one plant and in a colony: S.D. are 0.42 and
0.33, respectively, while S.D. in all the mate-
rialsis 19.81. Plants from the Areas III, IV and
V are usually have no cortical fiber bundle,
and some plants from the Area I have 1~11
bundles, while most of the plants from the
Area I have more than 40 bundles. A signifi-
cant difference (p<0.01) is recognized be-
tween the average value in the Area I and that
in the other four Areas each. It can be said that
the plant from the Area I is characterized by
having many cortical fibers, mostly more than
40.

5) Number of pith fibers (Fig. 1-5)

Number of pith fibers shows wide
intraspecific variation. Plants from the Area I
have usually less than 50 fibers, while the
plants from the Areas IV and V have more than
50. A significant difference (p<0.01) are rec-
ognized between the average value in the Area
I and that in the other four Areas each.

2. Ephedra pachyclada

Of 64 samples of this species, only four are
from the Area I, and the rest from the Area Il.
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Though the samples from the Areal are few in
number, they tend to have smaller stem in
diameter, more cortical fiber bundles, and less
pith fibers (Fig. 2).

II. Anatomical variation relating to alti-
tudinal change

Variation relating to altitudinal change was
examined on E. pachyclada collected from the
AreaII (Table 2, Fig. 3).

1) Diameter of herbal stems (Fig. 2-1)

Variation in the diameter of herbal stems is
rather small in one plant and in a colony. A
significant difference. is not recognized be-
tween the average values in each zones.

2) Number of subepidermal fiber bundles
(Fig. 2-2)

The plants having many subepidermal fiber
bundles are rare in higher altitudes. There is a
significant difference (p<0.05) between the
average values of the plantin the Alt. zones iv
or v and zone ii.

3) Maximum number of fibers in a subepi-
dermal fiber bundle (Fig. 2-3)

Plants growing at higher places tend tohave
more fibers in a subepidermal fiber bundle
than those at lower places, C.C. is —0.353. The
observed value is less than 25 in the plants
from the Alt. zones i, ii, and iii, while some
plants from the zones iv and v have more than
25.

4) Number of cortical fiber bundles (Fig.
2-4) '

Number of cortical fiber bundles widely
varies in a single plant, in a colony, and in all
the materials. No significant difference can be
seen between the average values in the Alt.
zone ito v. On the other hand, in the Areal, all
the plants examined have more than 50 bun-
dles, i.e., observed values are in the range of 54
to 68 with average to 58, while those from the
Area II are in the range of 6 to 72 and the
average of each Alt. zone are in the range of 26
to 29.



160

Diameter(mm)

Number

Number

EICEY 5 A
, I . I
4
2 -
: ﬁi
1 4
0 T
82° 00’ 83° 00° 84° 00’

the East Long.
1.Diameter of herbal stem (mm)

I I
60
.
Cad
[ ] ..
40 °
. o:
20
0 T
82° 00° 83° 00’ 84° 00’

the East Long.
2. Number of subepidermal

fiber bundies
60 ! , L H
40
L]
[ ]
20 4 ')
$ oo
0 )
82° 00’ 83° 00’ 84° 00’

the East Long.
3. Maximum number of fibers in
a subepidermal fiber bundle

#73%

Number

Number

B35 1046
I , I
100
80 7
[
[
60° ' o %3
40 -1 0"‘
4 Y
20 .
»
0 — .
82° 00° 83° 00’ 84° 00’
the East Long.
4. Number of cortical
fiber bundles
I , I
300
®
®
200 (4
S
oo b
[ ]
o ®,
100 . Y
4
. )
0 >
82° 00’ 83° 00’ 84° 00’
the East Long.
5.Number of pith fibers

Fig. 2. Geographical variation in anatomical characteristics of herbal stems of Ephedra pachyclada
(relating to longitudinal changes). I: Area I II: Area II.



161

Journal of Japanese Botany Vol. 73 No. 3

June 1998

%94 Lse- ¥ €6 e TS 8°TL ¥ $'9C ‘AD
B6LYF I GTYSTZSI) USLETLIT) (LSSETFZOD (SBZEF86) (SI'SPFO001) (ISTEFSH) (09°STFS01) (08'STF86) (A'STFNVAW
857 867-8L 681-89 081-€9 sy 191-0% 182 8y1-¢8 ov1-6S XVIN—NIN s1aqy yad jo 1aquinN
L9 8L 9L 8'€L 68 6T Tl SIS 9ty ‘AD
WSRIT0E) 601ZT6T) (8061 F9Z) (COOZTFLD (69°€1 787 h8PI¥80 (bS9OF8S) (8801 F17) (986F+0) (ASFNVIW $a[pung Iaqy [e911100
L9 L8 $9-L 09-9 86-L 96-6 89S 9¢-8 g¢-11 "XVIN-NIN Jo soquinN
80T LAY 6! 6¢€l 86l 96 Sit ¥01 ¥l ‘AD s[punq 1oqyy [ewsapidaqns e
@EYT1D  (OcSTeD) (FvFer)  (€37F00 (LTF8D) (60TFTD) (661FLD  W81F8D)  (99CTFT) (A'SFNVIAW ut s15qiy
Y€l €1 €81 ST—S1 ST—¢€1 SZ-61 07-S1 061 ST-L1 XYIN—NIA JO JoquInU WnWIXe
(A 611 9yl (1Y TLl (A 6¢€l L9 I'¢l ‘AD
(CL'ST8E) WIvTof) (ZrsToe) (CLsTse) (CILFey) OryFse) (9TSF8E)  (EIeF9y)  (OvyFpe) (ASTFNVAN)  sapung 1aqy reunapidequs
€682 €8T 8—6C Ly-1€ £5-6C 9-1¢ 1€ 0S¥ 17-8¢ "XVIN-NIN Jo JequunN
Tl 6Tl 0Tl 81l 701 6L (A [Sge 99 ‘AD
(€TOFI1'D) LTOFL'D WTOTH0D (OTOFSIT (TOTEID (91'0F907) (900F881) (CI'0FPeD ($1'0F807) (A'STFNVIN (wur) wals {eqisy
79°7-89°1 SP'7-89'1 867-9L'1 9TLL £6°7-89'1 8TT-LL' L6'1-€8'1 €ST-L1T  9TT-TI8'L XVIN-NIW Jo JewreI
A QUOZ Y >_ UOZ VY E U0Z .:< 1t UOZ VY 1 [UOZ VY
Sjerojewn =< : By m BAY %:O-Oo 2MEm EN_Q o—me

$I3pI0 JUAIAYIP Ul dn pawrwins ‘vppjodyond vipayds Jo SWNS [BGISY JO SONSLIANOBIEYD [BOTUOIBUY T IQEL



162 AWM #£73% $35 FER10E6H

e en . Ui i - v
g i, LV 100 T :
4 . 0% &0 L4 ® .. 80+
T 'ix s \ i
E 2 “B, . bou,, . 60 e * .
§ ... [ ] [ 4 b4 . B Y o .
< 1 £ ]
§ : 2 40- “'30 d *
Q ] [ ] ®
o o
20 ‘ o ..:
® 9 ) . '
®,* e °y .
0 Y T A2 T T 0 M T T T M )
2400 2800 3200 3600 - 2400 2800 3200 3600
Ar-(m) 4.Number of cortical
1.Diameter of herbal stem (mm) -Number of cortica
fiber bundles
i i i v % I i v v
60 b1 H i 300 L1 1 1
. ;
. % . .
w0l 8% ° % 200
N A S o« of° )3» o
g ... b i ® g
€ 1 % e o H S 1
3 =
“ 20- A < 100
0 — 0 —
2400 2800 3200 3600 2400 2800 3200 3600
Alt.(m) Alt.(m) ‘
2. Number of subepidermal 5.Number of pith fibers
fiber bundles B
i i i v %
60 L. L L i
@
o]
E
3
z
0 r — r T v
2400 2800 3200 3600
Alt.(m)

3.Maximum number of fibers in
a subepidermal fiber bundle

Fig. 3. Geographical variation in anatomical characteristics of herbal stems of Ephedra pachyclada

zone v.



June 1998

5) Number of pith fibers (Fig. 2-5)

Number of pith fibers is variable in one
plants, in a colony, and in all the materials.
Plants growing at higher places tend to have
more pith fibers than those at lower places:
C.C.is0.373. Asignificant difference (p<0.05)
was recognized between the average value in
the Alt. zone v and that in the other four lower
zones each. v
III. Estimation of the original localities of
Tibetan crude drugs “BALU” and “TSHE”

1) “BALU” (KANP 1305), aerial parts of
E. gerardiana ’

A sample was obtained from a traditional
medical hospital in Bhutan. This sample was
estimated to be E. gerardiana collected in
Bhutan or Sikkim, because it has many fibers
in a subepidermal fiber bundle: the observed
value of which was in the range from 36 to 49.

2) “TSHE” (KANP 2415), aerial parts of
E. gerardiana

A sample was obtained from a Tibetan
medical hospital in Kathmandu, Nepal. The
characteristics having no cortical fiber, and
having rather small number of pith fibers,
56-97, are well corresponded to those of E.
gerardiana growing in the Western and Cen-
tral Nepal.

3) “TSHE” (KANP 3038), aerial part of E.
pachyclada

A sample was obtained from a Tibetan
medical hospital in Jharkot, Mustang District,
Dawlagiri Zone, Nepal. This sample was esti-
mated to be E. pachyclada collected at higher
places of Western Nepal, because of its bigger
stems, having more than 20 fibers in a subepi-
dermal fiber bundle, rather small number of
cortical fibers, and many pith fibers: observed
values were 2.11 t0 2.39 mm in diameter, 37 to
43,32 to 51 and 128 to 144, respectively.

Discussion
1. Asthe result of studying the geographical
variations of the inner structures of the herbal

Journal of Japanese Botany Vol. 73 No. 3 163

stems of Ephedra gerardiana related to longi-
tude between Mid. Western Nepal and Bhu-
tan, a geocline that the western samples had
bigger stems in diameter and more subepider-
mal fiber bundles was observed. Moreover,
local variations were recognized; i.e., the most
of the plants growing in Mid. Western Nepal
had characteristically more than 40 cortical
fibers, and those in Sikkim and Bhutan had
more than 50 fibers in a subepidermal fiber
bundle. Besides, in the variation related to
altitude on the samples of E. pachyclada, ten-
dencies that plants growing at higher places
have less subepidermal fiber bundles, more
fibers in a subepidermal fiber bundle, and
more fibers in the pith, were recognized.

Through this study, it was revealed that the
characteristics having been believed as the
histotaxonomical diagnostics of Ephedraplants
such as diameter of herbal stems, presence or
absence of cortical fiber and the fiber in the
pith, etc. (Konoshima 1945), showed wide
intraspecific variations geographically. This
fact suggests that a large number of samples
from wide geographical range should be ex-
amined for histotaxonomical studies on the
genus. The variation related to altitude and
latitude is thought to be caused by the change
of temperature, while the factors of the varia-
tion with longitude is not sure.

2. Stapf (1889) described one variety hav-
ing smaller stems in E. gerardiana, var.
sikkimensis, which was said to be growing in
Bhutan, Sikkim, and Eastern Nepal. However,
the description did not give the exact range of
variation in the characters, and we could not
distinguish the variety among the samples -
examined in this study. It is notable, however,
that plants from Sikkim and Bhutan, tend to
have less subepidermal fiber bundles, more
fibers in a subepidermal fiber bundles, more
fibers in the pith, and smaller diameter of
herbal stems than those of other western plants,
while the plants from the Mid. Western Nepal
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have cortical fibers. But, the variations of
these factors are geographically continuous,
so the experimental materials could not be
underclassified clearly by these factors.

3. As the result of making clear the details
of local variations of E. gerardiana, TSHE
used in Kathmandu and BALU in Bhutan,
both are aerial parts of this species, could be
estimated to have been collected its near sur-
roundings; i.e., the former collected in the
Western or Central Nepal and the latter in
Bhutan or Sikkim. As for TSHE used in the
Western Nepal Himalaya, aerial parts of E.
pachyclada, it was estimated to have been
collected at higher altitudes in Western Nepal.

In Chinese traditional medicine, the origi-
nal locality of crude drug is thought to be one
of important information for evaluating the
medicinal quality. Though it has been gener-
ally considered to be difficult to tell the origi-
nal locality of the crude drugs circulated in
markets, the result of this study suggests that it
may be possible to some extent by studying the
details of local variations of inner structures of
the medicinal parts of the original plants.

Expeditions, in which most of materials
were collected, were supported by the Minis-
try of Education, Government of Japan, Field
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Research Nos. 07041132 and 06041043. And
some were those lent from TI and Dr. Akihito
Takano of Showa College of Pharmaceutical
Sciences with any thanks.

References

Bass P. 1973. The Wood Anatomical Range in Ilex
(Aquifoliaceae) and its Ecological and Phylogenetic
Significance. Blumea 21: 193-258.

,Esser P.M., Westen M.E.T. van der and Zandee
M. 1988. Wood Anatomy of the Oleaceae. IAWA
Bulletin n.s. 9: 103-182.

Konoshima M. 1945. Pharmacognostical Studies on
Chinese Crude Drug “Ma-huang”, Part. 1-5.
Yakugaku Zasshi 65: 67-75, 76-80, 482489, 490-
496, 497-506 (in Japanese).

Mikage M. and Kondo N. 1996. Medico-Botanical
Studies of Ephedra Plants from the Himalaya Re-
gion. Part I. Anatomical Studies of the Herbal Stems
and Botanical Origin of Tibetan Crude Drugs “TSHE”
and “BALU”. J. Jpn. Bot. 71: 323-332.

, Takano A., Jin H., Tomimori T. and Namba T.
1987. Studies on the Nepalease Crude Drugs (VII).
On the Variation in the Morphological Appearances
and the Alkaloid Contents of the Herbal Stem of
Ephedra pachyclada Boiss. According to the Differ-
ences of Habitats. Shoyakugaku Zasshi 41: 209-214.

Oever L. van den, Bass P. and Zandee M. 1981. Com-
parative Wood Anatomy of Symplocos and Latitude
and Altitude of Provenance. IAWA Bulletinn.s. 2: 3—
24.

Stapf O. 1889. Die Arten der Gattung Ephedra.
Denkschriften der Mathem.-Naturwissenschaft.
Classe der Kais. Akad. der Wissenschaft 56: 1-112.

D ERERNRO LN, BERES IS
774 VIIHBERRPRROELE LICRERET S
ZEMEZONDY, BEOELIEIZT4
WELTIIIMT R 2 ERCE L 20H»BEETIE
THTHEB., FENEFROET, REHMOBH
i S I R G Al N B R I RAT <2 g R S Ao (B
7.
RRER,S, MM CTEEYEREL-EXE
HREDFNy FEYIIOWT, FROOEMTE
WTHILNTES TEEZRTREROEMIT
RERFMTHLLETEETHALY, nITHS
SOE®TIERTLFRII P o7, SHOER
BABEEORBNERLBE T I LIZENZ
NPMRETHLI L ZRBELTVAE,
(EIRKEEZL)



