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Medico-Botanical Studies of Ephedra Plants from the Himalayan Region Part L.
Anatomical Studies of the Herbal Stems and Botanical Origin of Tibetan Crude
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As a Tibetan drug, herbal stems of Epherda species so called “TSHE” and “BALU” are used as a
hemostatic, stomachic, antineuralgic, etc. To clarify the botanical origin of these drugs obtained at
Tibetan hospitals in Nepal and Bhutan, the herbal stems of 117 Ephedra specimens collected in Nepal,
Sikkim and Bhutan were studied anatomically. The materials were anatomically divided into two groups
by the differences of subepidermal fiber bundles in the average number, in cross-sections of three
internodes from each specimen; the fiber bundles of one group (A) are less than 23 in average, while
those of another group (B) are more than 28. Comparing the shape of the micropyle tube of flower or
fruit of them from taxonomical view points, groups A and B were identified as E. gerardiana Wall. ex
Stapf and E. pachyclada Boiss., respectively. As the results, “TSHE” used in the Tibetan hospital at alpine
region of Nepal was elucida;éd as the herbal stem of E. pachyclada, and “TSHE” obtained from
Kathmandu in Nepal and “BALU” from Bhutan were the herbal stems of E. gerardiana. Both species are

newly reported as the botanical origin of the Tibetan drugs.
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< # 9% (Ephedraceae) ® Ephedra = # 7 |8
s (R oFEYME L TELTHS
(85 1994) »5, b= 5 vHuRERLETEF Ny
FEFTOERICLTWS, FXy MEETER
xhaxEEYE LT, T8 ETE sinica Stapf,
E. equisetina Bunge (it L 1992), E. saxatilis Royle
ex Florin, E. monosperma Gmel. ex Mey., E.
minuta Florin var. diceca C. Y. Cheng (#§ 1991)
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(1930), KRB (1945), &5 (1989, 1990) i< &
DITHObNTVEY, R—1P 7~ 5 VEDEY)
KOWTRBREFENTE LY, Thsolughs
ODABHEYIC>VWTRAEEZCET 28E
(Suzuki and Noshiro 1988) & EHE3XicBE4 5
B HEI%E (Mikage et al. 1987) 2H B3 DAT, A
F U AEROMBFNEEES TR 1,
AN—p b T = IhFTO L 2 5 YR
7T BARBREYIC > W T3, Lewis (1978) A3
E. gerardiana Wall. ex Stapf var. gerardiana, E.
gerardiana Wall. ex Stapf var. sikkimensis Stapf, E.
pachyclada Boiss., E. intermedia Shrenk et Mey.
var. tibetica Stapf (AHEiz> \V TIIEERIRF AT &
hTW3) O458R%CHE L, Shrestha (1974)
i2, /3= WICI3 E. gerardiana., E. intermedia
var. tibetica D 2D A NHT 5 LELBT 512
&, MYISEFENICRBREBEERL TV 5.
%72, Ephedra BiIYELRER—BLEsh, &
BHIOBRBEIC K DATIENE L EkT 22
LE SN TS (£ 1954; Mikage et al. 1987;
Shrestha 1974). £ T s ORBEHRERRY
~NL, ZANN-LVBLIUCFORAEEREOL <5 viHll
15 TR X /- Ephedra BREY) 5 AERTCBER], A
WERENCHEEL, FEEEFRELTORE:E
#2 BN TRAMEEFENIC S RET T 2RI EF L
1. AT, 25— N, YuFh, T—%UT
R4 U 72 Ephedra BREMINTHOBEE £ RHE
BE L THBOBREIRREITY, S5IRAFL
feF~ .y bEEY) [TSHE] 8L U [BALUJ O
a8 RE2WMET 5.

EBMEBLUHE

BREER GREF— 4 3EROEICTHR) id
HERR, HERR, MEHERHEMRLH D, TFeERCo
WTAK - B (1930) BLUAKE (1945) O
ENBFITREY, F & LTHRED Ephedra BHEY] O
KAlE & L TEF AR S L CAFEED 1505
BicoWTHEL .. WIRERIEEDRIBO#
WiIR 2EECEDIERL, RUBOFEFHZ L
3k 7 o 5 -V THER, EBEME THEL
tz., Fh7uvasuy v < EBLEI X YRR
SEBE L. 1h, BETNOKRREREOK—

BN%E Fes

ERk8E12 A
R B, BEERBO _RATOMIGEK
B 1~ 6Th BHR%E 1 ko 5 3 KM LU THRE
L.

i 3

1. AREEROBHLEORE

BB, BERTOBHERMSLUCZO 1R
4R, RLEL OMKEL, SHEBER S h 58
MEED) AR T B OB O — KA DG E DR
Wickb, BB 2E (A, B) K3 shik
(Fig.3). fE52VIREE (BB 2FT59 X
T OMERIco VT Stapf (1889) DFE#E & BA L
TR ABICBTAbORLTHAEY Imm
UFTHhHh>E-EHTH 5K TE. gerardiana & [6]
Eanf., —H, BEIETAMkROKILER L
&< T L TV % 2T PACHYCLADAE #
97 b b E. pachyclada ¥ 1 |3 E. intermedia var.
tibetica TH % L¥¥r s h, EKAFOMITHEWY 3
PHTH BT ED S E. pachyclada LB S Nz,
12 BHRIC DWW TIE, Stapf (1889) itk B & E
gerardiana T IFERTEF S BIE S 2 VI3 DK T,
E. pachyclada, E. intermedia var. tibetica T3 %4
THEINBH, FERICHOIHEHCBIL TR
HHMEPRCBRET SIS 3TEY, AWEE,
SRET L RTEB Db, Fh, ARBE
ERELILECAH, ABDBTHP R~ VOE
n7 v+ 7urPea GREES’ 53 L) <&
Shi-Rohic IREDICHMERISERD SN
20 FEAELE (ABRDPOKRICBEFRED S
higw) 25, BRAEORBECPEFOREXIE2ERE
TEELEE2HET I ERFBRITV KN
L, AB% E. gerardiana, B# % E. pachyclada &
RIELL. ‘

I. BEOREEMRR
1. Ephedra gerardiana Wall. ex Stapf

i. SMERIERE /MEXKT, M EEoOZE 5~40
cm, EMOABEXIFREEDS 2 W KBETE
4.0~6.0mm, KW TI39.0mm ITET 5. E
HERBRERD EEXESnMEET, SiEO
E & 3@%20~25cm, £V &0 T40cm, EH
M E 73R BREIHERTeRD1/3
~2/352HBVIR3BL, SEWBEB=AO b
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Fig. 1. Tibetan Crude Drug, “TSHE” and “BALU”. A: TSHE (KANP 2415); The drug obtained from
Kunphen Medical in Kathmandu, Nepal. B: TSHE (KANP 3038); The drug obtained from Muktinath
Traditional Medical Centre in Jharkot, Nepal. C BALU (KANP 1305); The drug obtained from Tibetan
hospitals in Thimphu, Bhutan, The botanical origins of A and C are E. gerardiana, and B is E. pachyclada.

DOHEL, FE23~45mm. EFIKEM~H%kE
o, MEREEECTHEAS 2 VW IRRAEL, Mo~
HEE T, EX7.0~80mm, §54.0~6.0mm, 2~
3IMOAEAFT S, HAEOKS 130.5~1.0mm
T, H-oHTH5. HEREET, RBIRTERFRE
T2 ~3{EkAd 5. BE (BR) THREOKE
T, EX50~80mm, KEDOEOTIE11.0mm I
EL, BRETIERLUREML2~3 00
2ET5, hicRl~2@ofdFrdn, B&
5.0~70mm, 0@2.5~3.5mm, £ Z2.0~3.0mm,
BEE2LERYH 5,

ii. PIBRWERE (Fig.2;Table1) ®ifiirhdaslo
WUIma e, WwAE, d3vEd=/Akc, B
(BEHEobDIiz- TR, EBREEEOFEME)
[21130~2440um. 7 F 7 FRIEET~12um T,
IF 2 SBRITLENTH 3. SHRBRERET
AAEOMEENEFNICl ~2B/ELEST 5. KE
R3~6@oEMiar oy, AMilo2~4EiE
MHRkER S 2 5. oAl 1 ~2Boffail iz
FHETH 5. Fio, BIKEET 24 E O
DEKE FICHHERSEFEEL (LR, R TR
BEWd 3), TOHIFI~258 (—HRHNDOEY
Biz12~238%)., 2018 (4FUHD, B

bZ < offifan ok E h 2 HHEEE) A4 3
MR 14~00M, HiMEOEIX15~30um T,
ARl Usv, SR, T 2% EL
LT 3= ERd 5. KEHEMETLEREYD
Shtiwas, Fhicl ~10BHEEL, PEEiR/ t—
NOKERT v+ 7+ LIPE (HEE 83° 53° LIFY)
DERICBOWTIRIOBLLEFET AT L b H 5, M
HEZRI15~25um T, AMEL#ZV, BELoHN
B BMERY DItk HERSRBIMIMERE S FRd )
HER AN R ORI RaE U, Mk (R 1)
KEWEMET, #FLJERET 5. s (4
ZURt, 6% < ofifas SRS h 5 #HER)
Rk T A M0 E I 5 ~51 T, RI{ELA WL,
HEERBE 2~ 3O ARMERS L U2 ~3 40
IMEER» 513D, ERBEATICHHATA LS
LAwlebbnrs, ERKERODIEIL640~1710
em T, HUHLER MY 2 KERNOH
fH 1t 120.22~0.69. ffilz AT 3 LHMAH S Y
MR H B, AAEBIC ILERE L < AMET 3
WHEDS D 5, BEN~FEA L 7o —IRKER D 4t (4 80
AHsVEHATH A, BEANMHEIEII~30m
T, —YIHAROEIE 1 ~3380.

i, REER SRfEH»SECEEEL, ()
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NIEHES B L UBERAESEIRT. $70D
LBOBVHORKEAHK. G1~G7, G26
~G28, G38~G50, G53~GS56DEEE AR LW
HAFEEE (TD I, hid@SIRRFEEERMT
BEAEYE (KANP) cFESh 3.

Mid. western Nepal —Karnali Zone, Dolpa Distr.:
Doizum - Chune (G1: Minaki M. et al. 9106101
%, G2: Minaki M. et al. 9104334 % ); Polam -
Phoksundo Tal (G3: Minaki M. et al. 9105100 ¥,
G4: Minaki M. et al. 9108184 ¢, GS5: Minaki M.
etal 9106134 $).

Western Nepal — Dhaulagiri Zone, Mustang
Distr.: Tukuche - Yak Kharka (G6: Suzuki M. et
al. (LIF MS L#&9) 8881601 ¥, G7: MS 8860937
%, G8: Mikage M. et al. (2L T MM &B§%9)
932304 2, G9: MM 932305 %, G10: MM 932306
%, G11: MM 932307 %, G12: MM 933227 %,
G13: MM 932308 &, G14: MM 932309 %, GIi5:
MM 932315 &', G16: MM 932313 %, G17: MM
932314 % ); Jharkot - Muktinath (G18: MM
9551099, G19: MM 9551094 ¥, G20: MM 932362
¥, G21: MM 9551086 %, G22: MM 932360 o7,
G23: MM 9551087 % ); Muktinath - Throng Phedi
(G24: MS 9465030 ¥, G25: MS 9460418 &, G26:
Ohba H. et al. (CI'F HO & HB&9) 8330722 %, G27:
8350646 % ). Gandaki Zone, Manangbhot Distr.:
Phedi - Thanti (G28: HO 8310798 &'); Throng
Phedi - Yak Kharka (G29: MS 9465017 ¥, G30:
MS 9465016 %, G31: MS 9465013 ¢, G32: MS
9465009 % ); Pisang - Chame (G33: MS 9460353);
Bimtang (G34: MS 9460289 % ); Gorkha Distr.:
Dharam Sala - Samdo (G35: MS 9460269 % );
Samagaon (G36: MS 9460260 % ); Thangmanang
Kharka - Chuwa Kharka (G35: MS 9460231 %),

Central Nepal — Bagmati Zone, Rasuwa Distr.:
Yure Kharka — Tinbu Kharka (G38: Miyamoto F.
‘et al. 9410051 ", G39: Miyamoto F. et al. 9410052
%); Chilime - Kayanging (G40: Kanai H. et al.
6378 %, G41: Kanai H. et al. 6377). Janakpur Zone,
Dolakha Distr.: Rolwaling khola - Na (G42: HO
8341179 %); Ramechhap Distr.: Thare Og - Bigphera
Lho Glacier (G43: HO 8580458 &', G44: HO

Tk 84 12 A

8530472 % ); around Neju (G45: HO 8540190 %).
Eastern Nepal — Sagarmatha Zone, Solukhumbu

" Distr.: Beni Kharka - below Dudkhund (G46: HO

8581178 2 ). Koshi Zone, Sankhuwa Sabha Distr.:
around Merek (Mera) (G47: MS 8860326 % );
around Makalu Base Camp (G48: MS 8840332 $),
Mechi Zone, Taplejung Distr.: Yangma - Thasa
Kharka (G49: MS 9261147 &),

Sikkim — Along the Choktserig Chu, north of
Jongri (GS50: Hara H. et al. (LI HH & B8 3)
5886).

Bhutan — Chomo Lhari Base Camp (G51: MS
9191605 &*); Lingshi (G52: MS N. S. % ); Shodu
Barshong (G53: HH 6608 «); Tharizaj Thang -
Jari La (G54: HH 7816 o); Tashi Ha (G55: HH
12288A %); Laya (G56: HH 12276A ¥).

2. Ephedra pachyclada Boiss.

i. SRR HEEOE S 5~60cm O/ME
AT, HiEicETH B VIIEEBICEEST 3. KH
XRKER, KABRHIVREXBEBETEI~6
mm, KWEFTiF2em iciEdT 3. HEXIR
RE~KKD, HEZIELRHEE T, HFok
S FEHE2.0~3.0cm. REHME 2 IIFRH. B
HEORRERIAIEE IERE TS 345, REIE
DEED1/4~1/3E LB, LRl s-.
M=, E&18~45mm, HREKL~
IKHETH %, MILRBRERET, EEEXOHIC
FEHBLVWRBEEL, BEEXH5mm, 1E2~3mn
T, 3NOBE,SL L. BAFERES1.0~21]
mm T, @l T3, HREEE £2E B
ARE DK THE £4.0~6.0mm, HRETEEL
WHLLc2~30oaExET 5. REOHI
B2EOBTSEEL, BTamiREck Lo
T, BEX40~50mm, 182.0mm, E&1.5mm, &
#8520 IRBRETRRES 5.

ii. PNERFERE (Fig.2, Tablel) HiffihRIB
oRVIE MY, #EE s3V=AKT, B
ZR131430~2980um, 7 F 7 SIIEE T~16um
T, 777 3BHENCRBD SN B, [AREK
22T 3AFOMEIcENT N ~ 2 HELET 3.
KEER3~6EoFTMMiaroixn, Alo1~4
B EHPRAARL & 72 5. REC T EIMERF DE1324~58
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100 um

Fig. 2. Transverse sections of the herbal stems of Ephedra species. A: E. gerardiana (G11), B: E. pachyclada
(P18): 1: Transverse section, 2: Detailed drawing of the transverse section. Abbreviations —c; cambium, '
cd; crystal sand, cu; cuticule, ep; epidermis, fbe; subepidermal fiber bundle, fbc; cortical fiber bundle, fbp;
fiber bundle of vascular bundle sheath, fm; medullary fiber, m; pith, pa; palisade tissue, ph; phloem, sto;
stoma, Xy; xylem. ’

B (—HRANOEHEI228~538E). 1 B AERT EEHETEELCEHARCRVWZAEERES .
BRI 1I~3TETH 343, 0MELLEZEDON 3. ISR BT 0B L. Sk DR 1320
5ZEEENTHS. BEORITI8~30um T, ~8um<T, RLT2¥kbd20, HABRED
REUGW, B#EBEORRIE, RRICETIHS A(CEECHLTEETLL. #HERBEBERDO
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Table 1. Anatomical Characteristics of the Herbal Stems of Ephedra species from Himalayan region

E. gerardiana Wall. ex Stapf

E. pachyclada Boiss.

Qutline of transverse section

orbicular to elliptic, deltoid

orbicular to elliptic, deltoid

Diameter of herbal stem (mm) 1.13-2.44 1.43-2.98
(1.79+0.23)° 211 i0:29)
Cuticular protuberance index” 0-7 0-8
Transection stomatal index” 3.1-6.4 3.6-5.8
Number of parenchyma cell layers in the cortex 3-6 3-6
(Number of palisade cell) (2-4) (1-4)
Number of subepidermal fiber bundles 9-25 24-58
(18£3.19) (38£6.90)
Lignification of subepidermal fiber bundles® - -
Number of fibers in the biggest subepidermal fiber bundles 14-60 11-371
(30+8.15) (21x5.01)
Number of fibers in the middle of cortex 0-94° 0-9° 1-84
: (15%£23.31), (1£5.0D (29+19.59)
Lignification of fibers in the middle of cortex - T~
Number of fibers in a vascular bundle sheath 5-51 6-45
’ (20%+17.72) (16+5.47)
Lignification of fibers in a vascular bundle sheath —~x -~
The value of the ratio of inner area of cambium ring 0.22-0.69 0.25-0.61
to area of transverse section (0.3510.06) (0.45+0.07)

Penetration of phloem into xylem with arc-like shape?
Angle of the penetration of primary xylem into pith

n.p. to slightly
acute, obtuse

n.p. to slightly
acute, obtuse

Number of vascular bundle 8-13 8-15
Number of fibers in the pith 1-338 0.25-286
(96168.06) (111+52.80)
Lignification of fibers in the pith +~++ +~++
Lignification of pith parenchyma cell +~++ +~++

» (MEAN * 8.D.)

* the value shows the number of cuticular protuberances on epidermal layer in a transverse section.
“ the value shows the number of stomata on 1 mm length of epidermal layer in transverse sectoin.

® lignification: + +; remarkably lignified, +; lignified, &

; slightly lignified, —; not lignified.

“ the data on the specimen from the west of Long. 83° 53’ E.

. the data on the specimen from the east of Long. 83° 53’ E.

® penetration: n.p.; not penetrated, slightly; slightly penetrated.

MR 6 ~45flT, BRIk 2LbHn B
DERE TRV, HERBRI2~3MORBERS
XU2~3%O/MNEERL 572D, BRI
CPBAT S, BB I3E40~2320 1 m,
UmemEE 3T 3 ERBRN O 130.25~
0.61, HEIXFAMMEED S 0 MBI S 2. Ml
B it R{td 5. —IRAHOENRIHES 5 L
RS, HRSMIZRI8~28um THAE LS
KIEL, $i325~286TH 545, FIARIICIZL

ALEELIZVE (P 5 3.

i, MEEE BhEM»SHECRRT 5.
P1, P2, P7, P9, P10, P21, P2ODJEEERELK
REFRAFEFE (TD i, fhR3ERAEEY
B AMEYE (KANP) IcfFEsh b,

Mid western Nepal —Karnali Zone, Dolpa Distr.:
Dunai - Juphal Airport (P1: Minaki M. et al.

* 9108227, P2: Minaki M. et al. 9105157).

Western Nepal — Dhaulagiri Zone, Mustang
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Distr.: Kalopani - Tukuche (P3: MS 9465044, P4:
MM 932393 %, P5: MM 932394 %, P6: MM
932396, P7: MS 8860847, P8: MM 932302 %, P9:

HO 8330608); Tukuche - Jomsom (P10: MS

8860974 £, P11: MM 933000, P12: MM 932321
o', P13: MM 932322 %, Pl4: MM 932323 /,
P15: MM 932325 %, P16: MM 932326 ¢, PIT:
MM 932327 %, P18: MM 932329 %, P19: MM
933203 %, P20: MS 9465040 ¢, P21: HO 8330640
2, P37: MM 932317 &, P38 MM 932319 %);
near Jomsom (P22: MM 932379 ', P23: MM
932380 %, P24: MM 932381 %, P25: MM 932383
%); Jomsom - Kagbeni (P26: MM 932335 7, P27:
MM 932333 &, P28: MM 932339 %, P29: HO
8343051 o); near Kagbeni (P30: MM 932348 <,
P31: MM 932349 %, P32: MM 9551115, P33: MM
932350 ¢, P34: MM 9551114, P35: MM 9551112,
P36: MM 9551110, P39: MM 9551109, P40: MM
9551108, P41: MM 9551107, P42: MM 9551106,
P43: MM 932373 ¢, P44: MM 932351 &, P45:
MM 932352 £); near Jharkot (P46: MM 9551079,
P47: MM 9551077 %, P48: MM 9551074, P49:
MM 932355 £, P50: MM 932368 %, P51: MM
932369 %, P52: MM 9551083 %, P53: MM
932358 ¢, P54: MS 9465034 £, P55: MM
9551103 ¢ ); Jharkot - Muktinath (P56: MS
9465033 ¢, P57: MM 9551089, P58: MM 932366,
P59: MM 932367 %, P60: MM 9551085, P61: MM
9551088),
. [TSHE] XU [BALU] ORI UR
Lty

1. [TSHE] (Fig. 1-A): %/,%— ), H b=V
ZXDF ~ o b EBE Kunphen Medical T dD A F &,
19934F 8 H16H (KANP2415).

WEROLELT, & 7T~l4em, EicHEHR
BELET2HEE T, EcBEREBOEVWAE
X4:H7 5. EEEIIE18~19mm, HiEoE
X3 EFE2.0~45cm, L IREVWSDTII1.2em,
EHICRBRROBAEED L B8, EFICESH
Tha. MCEEBOBRESEBEFELTVWAIE
bHEM, HEBELTVWA, T BEELS

B SN, HREIEELIE IC B\ TR T e
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B 15~218, Z0—BEEmRT 3826
~3ETH BT Eh 5, MEEBFWIC E gerardiana
ThHbHT EEMEEL -

2. [TSHE] (Fig. 1-B): */¥— ), #v 3F
Yy —v®DY b3y b @ Muktinath Traditional
Medical Centre TD A F 5, 19944 8 21 H
(KANP 3038).

UM EHOLER T, E&#H30cm, EE
XIHBELEL, KBBOKEE, ST 5.
BFHXI3%20~24mm, HiHOKES Z8¥%2.0~
46cm, & VSO T LSem, FEICIIF
ROBHBEDONBHBOLLTHH. HicIRE
DOBFENBELTVWAI L0550, £RBE
FELTWA, Tt BREREbREDSHLBV.
LI < 3 W TR T BHEB 3T ~438,
DO—HFAEBRT 22~ Tchs Eh
S, FHESMNIC E pachyclada Td 3 T & HET
L.

3. [BALUJ (Fig. 1-C): 7—% v, 547~
DIEHFERFEETOAFLR, 19149 A28
(KANP 1305).

A idaiRo [TSHE] BT 5. E&i2~
15cm, BEXE(1%X1.6~1.8mm, FNoEX 38
H25~45cm, L IKEVHDTIR20cm. FEE
KRR OGHED bh, POHETHE, #R
BB EREL, 15 RELSCEDOSNL,
HRE I I B W TRE TBHEE R 16~198,
= O—F LR T AR 36~ TH B L
» 5, HBFRIIC E. gerardiana TH 5 T c‘: % HE -
EIA W

) EBBLUER

I BRICH L7z %=, Vo FABLUT -
% v O Ephedra B2117TH 13, MBFENICEEZE
Hif IO BYIE I B W T, REE T OMMEE
OHOEWVICI VBRI 2BESFOH, F05
IR D BRFLE DL REHI K B > & E. gerardiana
Wall. ex Stapf & E. pachyclada Boiss. TH % &[]
Eahi, ERETREET 2BEBEORIIAE
T 9 ~258 (—HRNOFHE I3 12~238), &
HTI324~588 (FE28~53E) THREREL, #
O 1 B AR T 2 MMEUIIATE TR 14~60f, %
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Fig. 3. Correlation between the number of subepidermal fiber bundles and the

number of fibers in the biggest subepidermal fiber bundles (The number shows
the average in each specimen). O: E. gerardiana Wall. ex Stapf, @: E.

pachyclada Boiss.

HFETRN~3TET, FiFCEWVERSS -/ %
DOHh, E. pachyclada =BV TEBEDEREN LD
KEWERIMS -7, T, BEEX — Ok
TvrTFUR (REES 537 DIE) DE
gerardiana T IREEHMBBIZE AL, -
THARILLIEWDIIH U, E. pachyclada T35 <
AL MRS E IR EED OB D
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