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In this country, Harmala seeds are the object of the interest of some youths as illegal drugs.
This study identified that the plant origin of Harmala seeds was Peganum harmala L. by
cultivation of seeds in the package. Peganum harmara was glabrous, perennial herbaceous
30-60 cm. Hairless. Leaves were alternate, deeply and irregulary pinnatisect, with widths of
1.5-3 mm, and a disagreeable odor when rumpled. Opposite to leaves were solitary white
flowers with green veins. Capsules 7-10 mm. Angular brownish seeds bearing alveolate
structure on surface and the longer axis x the minor axis : 2.9-3.3 mm x 1.5-1.8 mm.
Peganum harmala contained harmine and harmaline, members of the beta-carboline chemical
class; both are potent reversible inhibitors of the enzyme monoamine oxidase (MAO).
Harmine ranged 27.2-105.9 mg/g while harmaline ranged 55.8-119.2 mg/g in the seeds, and
harmine ranged 27.5-34.4 mg/g while harmaline range 0.4-0.5 mg/g in the roots.

When we judge the Harmala seeds used as abuse drugs, it is necessary to confirm the
following: the dimensions of the longer axis and the minor axis, the brown to blackish brown
color, the triangular shape, the small concave structure appearance observable with a
substance microscope or a scanning electron microscope, and harmine and harmaline analysis
by TLC or HPLC.

Keywords: Harmala seeds, abuse drugs, Peganum harmala, Judgement, harmine, harmaline,
TLC, HPLC
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Peganum harmala ¥3367 7 U 41, H, HFWEHREDD
W7 7 OERHIC AT T D/~ BB (Zygophyllaceae)
ORET Y, HEHOERRLUME AV RBITERE
HVLRTWS . BFRRICEOERSTHD
harmaline =X° harmine 73 & %40 B -carbolines % & & *'9,
BT IVAFRVY—E (MAO) DEFHS, Kod
BREA~OERAPBRE SR Y, AL 2HEFLOM,
P harmala D BAEMTIIT 7 FEOFE W L 2 PHEFAINE
BEINTWD Y. Ehe LTEHAIND ZO®EF, #
DFEMTET L EHH 5 VIZEEPTRIE2IIHB TR
SN

ZZTRI v 7 & LTHIREN TV S LT
THEA D BB A LT P harmala OFET % 6 U4 T
F-FRL, TOBEBLLBRLT, ZOREFEELEDS
—F, AEFOBEEFEICONTER L., &5ITAHEY
KRDPEFEH WAL OBESIND 0D, BT
U ®»ZESLMR A2 £ O harmaline % OF harmine D547 %170,
FOHEREICOVDTRI L.

KREBHHERU A
1. EB#HH
FS v 7 LTIRESNLTW e V=5 H-1~4 T,
2003 7> 5 2005 FI2HNT TEAOBAMERES THA L
7z(Table 1). P harmala DFEF S-1~6 1TV T b 2004 4
2, AN OWMBE e LR RBCHE A LT (Table 2).
2. BEBRE

H-1~4 &t S-1~6 DT DB+ RIEBEMBL TIT
ol REFBEIC OV CITEELE 7HME (B L8ER
S-800 ) THEIZL. REHILBETE A AL ARy S
HBIZEVEERT DY ATEREE L.

FETERE (20 hE) OFBEIIEMEHCOE 2~5 KM,
KREE (REXER) ORI 10 KET- .

7o, MO EBEIZIL, H-1~4 R S-1~6 DET
%, BEATSEERELE 12,000 a V7 RNAKRy M
L, REREREERE CORELHE L. BREIIER
B3Ry b TIfFo 7.

(36)

Table 1. Harmala sold as an abuse drug and used for experiments

Sample Locality Year Sales place

H-1 Shibuya  #E#& 2003  Specialty store
H-2 Shimokitazawa TFItiR 2004  Specialty store
H-3 Shinjyuku  ¥ifE 2004  Roadside stand
H-4 Shibuya  #%#& 2005  Specialty store

Table 2. Peganum harmala used for experiments

Sample Acquisition place Year
S-1 Bonn, Germany 2004
S-2 Kiev, Ukraina 2004
S-3 Padova, Italia 2004
S-4 Lyon, France 2004
S-5 Zagreb, Croatia 2004
S-6 Leipzig, Germany 2004

3. mMaRH

ZH S : harmaline !X harmaline ¥REEHE —/KFo¥ C;;H,,
N,O-HC1-2H,0 (FoytiZi T8, {k*#A), harmine iZ
harmine 38 C3H;oN,O-HCl (FbsiZ8 T3, L)
# R\ (Fig. 1).

HEBEROMER H-1~4 R S-1, S-4, S-6 DFETF Z¥rEK
U7z, 1EEAEKROR, ERUEED 2003 46 HIZ 3
WY B, KEREERREL, SRERRCLE. REL
7o ROBE 2004 4E 1 AICERERL, RKEEEBEEHRE L
To. 2FAERDIR, ZROBEL 2004 4 6 Al 3HHED L
FARERERERLERTHRIC L. BHIREI A
HHEL, REgREHhRC Lz

ERSHTARNEROMAE - X306 500mg £ A¥ ) —
v 100ml T 15 M8 E R U, SR A BE TR
LEbhexd X% 0 INBEBKER30m R U7 a v ki
A 30mlZEE L, MRS EETR > 7. RITKBEE T E
L, INTYE=TKRTTAHIME LEHK, Zaakl
A30ml Z M BFERE L. 2 sV ABIIDBOKT
P Uictk, BOKEREET MY A TBK LU, MBS MY
TAhEABL, EOHREBEEEL TLC ARE L L.

TLC 1Tk HHEBHER | #BIX Kieselgel 60 Fys, pre-
coated, 10cm X 20cm, 0.25mm (A /L7 fH8Y), BEREEIT S
COARAL: AT )=V ToE=TAK=50:5:1. HBH
JXRFER T UV365nm & Uf 254nm TEIER, Ko —F v P
THRFEEEEL, BHEARy FEEL,

ERAVTHERHBROBH : 34 S0mg +BEHHE (X ¥
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Fig. 1. Chemical structures of Harmaline (1) and
Harmine (2)

/=N 7K :SDS - U CBRIRETR) 45ml T 30 SR E R
HHEITRY, BEREMI SOm & L. ZLTZ20—
Z0ASum DT o FBBIEA L TT T4 N E L, E
BB L L.

HPLC [Z&BHTEE : ODS ¥ 7 A% L7z HPLC T,
harmaline %2 T} harmine % &' — 27 @ SIECERE L-.
HPLC condition : Column ; TSK gel ODS-80Tg 5 um 4.6 X
250 mm, Column temp. ; 40°C, Solvent ; MeOH : H,0 : SDS :
H;PO4 (770 ml : 230 ml : 6 g : 1 ml), Flow ; 1.0 ml/min, Det. ;
PDA (340 nm).

KREBHER
1. BFOBE

TR KT v 7 H1~4 %, WTFhbE=—A R AT
WY OREF THOTNICELREBRBAL TV, BT O
KiTBerLBBATEBIE 2 2 L(Fig. 2-A, Fig.3), =
HREMEREEREFREME CRELBELL L 25,
W BRI WURAEEZ R Lz (Fig. 2-B). &30 20
BIE T 63.1 = 1.9mg 7>5 65.9+2.3mg T, FRITEERN 3.4
+0.2mm 75 3.5+202mm , HEHN 1.7+ 0.lmm 235 1.8%
0.lmm T#®» >7- (Table 3).

WS OB LTZ P harmala OFET S-1~6 LIRIROTF
RE% 7R L(Fig. 3), £ DFRME b VT L bW MREE E R
L7-. &880 20 88X 53.7429mg 75 59.0+2.3mg,
FERIT RN 3.240.1mm A5 3.9203mm , HEN 1.7+
0.2mm 7225 1.9%02mm TH Y, TR KT v 7 LY 008
BETHoEBNBRIZIZERECTH o7 (Table 4).

2. MO ERE
H-1 OfEFI3EE% 1 BEM» 5 2 \E R L(Fig. 2-

€1

Table 3. Size and 20-grain weight of Peganum harmala

Long length  Short length 20-grain
Sample " (mm) (mm) weight(mg)
S-1 3.2+0.1 1.740.2 53.7%2.9
S-2 3.9%03 1.9+0.2 55.3%29
S-3 3.4%0.1 1.8+0.1 53.9%2.3
S-5 3402 1.9%0.2 59.0%23

Table 4. Size and 20-grain weight of Harmala sold
as an abuse drug

Sample Long length Short length 29-grain
(mm) (mm)  weight(mg)
H-1 3.4+03 1.7£0.2 65.0+2.8
H-2 3.440.2 1.8%0.1 65.7%+3.6
H-3 3.54+0.2 1.8+0.1 65.9+23
H-4 3.54+02 1.7+0.1 63.1%+19
0), &bil, 1 AMBETAELRELL. FIXEMLL,

=& 30~60cm (272 Y, FEEH D WFIZ 4 L(Fig. 2-D),
WEIIAE THERD Y, MEIIEETLLREREERL
7. HEIEE LU (Fig. 2-E), #ETTBEHRBIE T 3~5
i £H L (Fig. 2-F), AR 1~3.5mm, #HAEIX 15
~3mm Thol. EITHAEL, AN LBERRE THIH
WM OISR % 5 Kfti} 7= (Fig. 2-G). FEHIIZ 6 A~7 A
FA), 7T ATANCHE 7~10mm DREEZFE L(Fig. 2-H), 8
RIZEETHRBA L. ZOMD H-2~4 1220 T H R
B LI Z A H-l LRROBEBE R LT, £72, S-1
~6 bAEFRL, BE, B, ¥, ELL, H1LEDDL
T, F7o, BIELE S4 DEDOEELR—TH 7.

P harmala O ERSEE Y ROhEESHEY ¥
iT, WEWERITEE, BB E IR T 3~5
2B, HFEIZ 1~3.5mm, HHMEIZ 1.5~3mm &
FEEND. FRBEW THD P nigellastrum 1L, L0/ E
<, B3k 10~25cm, L EVETHbDN, X 2~3 [ElfR
TR L, HAEIX0.7~10mm TR Imm (28772 <,
P harmala LA LIRS,
T & &z P harmala L. var. multisecta Maxim.iX, BAE P
multisectum & RS D05, ShEEIZE CTHb L 5 8808
HY, FiFBURL, BT 2~3 ERBICEE L, ERES
CEMPEACEDS LEREND. HAKD 6~12mm,
BH 1~1.5mm THIEL, P harmala & 139 55N Lk

F 727> T P. harmala D
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Fig. 4. TLC patterns of various organ of H-1
Development: CHCL;-MeOH-28%NH,0OH, 50:50:1,
Detection : A, UV 365 nm; B, UV 254 nm.
1:Seed, I: Leaf, Tl: Stem, IV: Root,

V: Harmine , VI: Harmaline
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Fig. 5. HPLC of harmine and harmarine extracted from
H-1

HPLC condition : Column ; TSK gel ODS-80;5 5 mm
4.6 % 250 mm, Column temp. ; 40°C, Solvent ; MeOH :
H,0 : SDS :H;PO, (770 m1 : 230 ml : 6 g : 1 ml),
Flow ; 1.0 m/min, Det. ; PDA (340 nm).

I : Harmaline, II : Harmine

3. harmaline & U harmine (DFEER

H-11ZoWT, fE¥, ¥, ZRUROTA I v A N4
% TLC TRH L7 FF 0> 513 RE(E 0.5 IZKFAT T, UV 365
nm & RE4 5 L FHRBROHENEEFE TS harmaline D AR
v b, REfE0.61Z, UV365mm 2RI 2 L EROEN L
% L, UV254nm 2573 & FHE%ERT harmine O A
Ry FNEBRHLE (Fig4). £, MARY M, FI—

(3%

TRV TRELEET DL VThbREZE L. BIX
T L ARRIC 2 R S 7223, 2T harmine DFHT
harmaline IZ8RH S e o7z, FIZHOWTIL, 6 BRI
U7z 1 48R, 284K OIX 2Ky & bR S ad o
7273, 1 BICERER U 724558 L 728k 2> 513 harmine #8H L
7.

HPLC 4347 C b F B UMRICIZ Rt 12.1 min, 12.6 min {2,
harmaline & harmine @ £— 7 23K & 41 (Fig. 5), PDA »»
LR/ LN UV AT MEEN BRSO UV A2y

P E—F L7, LA LEDISIT harmine DA THY,
harmaline BH XN e otz EHEFTROENGIT 2
S BRHEINRVD, BB LUROEN B ITE L Rk
harmine D&% HH L7z,

4. harmaline B U harmine O ER

harmaline HEEHE /K149 0.0041~0.52 pg % HPLC (Z3%
AL, E—IESEICLY 4 AREREERLEZLZ Ay
=107.8x+230.0 r=0.999 PEMMLRH SN, harmine
D 0.041~0.51 u g % HPLC ICHEAL, B2 & &k
IV AEREBREERLIZE ZAy=2235x+3564 r=
0.9999 DEAMERZ ST,

Y kD Z & 5%, harmaline & O harmine O TE B4y 137
BEELHMTL, MlRFS v (H-1, 2, 3,4 RO P harmala

(S-1,2,3) 0T, SHICH-1 ZHELEONE 1 4
WO, X, B, 2FEEHKOET, B X RICEILD
harmaline % O" harmine O & &5 4 4T - 2.

ZORR, MANTEALLTR KT v 7 L ETRHBTE
A U7z P harmala OF&-¥ O harmaline % (X harmine & &1,
A3 I3 harmaline & £ 0% 55.8mg 7> & 83.1mg, ¥ 67.6 mg,
harmine &8 27.2mg /5 70.9mg, ) 45.0 mg TH o
T2, #%#1X harmaline ZE2% 87.0mg 75 119.2mg ¥
105.0mg <, harmine & &74% 39.7mg 7> 5 105.9mg Y 65.8
mg THY, MRFT vy 7OFEFPOTHLEVVELRL
7z (Table 5).

TR RS v 7 Bl 28FSERESET@DOLEE
@ harmaline % U' harmine & Bi¥, | T3 | £4EHKD
harmaline & &3 0.4£0.4mg T, 24D 0.5£0.4mg Th
- 7. harmine S8 1 48D 27.5+2.6mg T, 2 £
2% 344%54mg TRIZITFAMRAOBEEN TV BB
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Table 5. Contents of harmaline and harmine in Harmala (H-1
~H-4) sold as abuse drugs and the seeds of Peganum
harmala (S-1, S-4, S-6)

Sample No. Han(ri:litr?: B (mii)‘mine
H-1~H-4 4 67.6x11.1* 45.0+£18.8*
S-1, S-4, S-6 3 105.0+16.4* 65.8+35.2*
*Average+SD

Table 6. Contents of harmaline and harmine of each organ
of Peganum harmala cultivated from H-1

Contents of (mg/g)*
Organ clglzllztect(i)gn Harmaline f{/a%znine
Leaf Jun. 2003 N.D. N.D.
One year Stem Jun. 2003 N.D. 1.0+0.2
old plant  Root Jun. 2003 04+04 27.5%26
Dead leaf Jan. 2004 N.D. 0.97
Dead stem  Jan. 2004 N.D. 0.93

Seed Sep. 2004  95.7+5.6 55.7+74
Two years Leaf Jun. 2004 N.D. N.D.
oldplant  Stem Jun. 2004 N.D. 0.2+04

Root Jun. 2004 0.5+04 34454

*Average=SD of 3 individuals

“CiX, harmaline £ ¥ harmine 23&& & ToH -7 (Table 6) .

% i3 harmine & &2 1 F£4HK 1.0+£02mg TH Y, #55E
L7=BRTIL0.93mg TH o 2 FEAROETIZ02+0.4mg
THY, VTR LEERTHo~. FF, harmaline (13X
TR I nieh o7, BTZHOOTIHE 1 B4R, 2 E4K
C harmaline & T harmine IR SN2 D o 7208, F53E
L7=37> 513 harmine BMEMNIRE & -,

EFiE 2 FED 9 AICINHELED, ZOHaIRRIX
harmaline 7% 95.7=5.6mg, harmine A3 55.7+7.4mg C3LIZH
&8 T > 7=(Table 6).

E B

AREM =TI & LTAFLIEBRF IO TR
P harmala ZFREMTHDZ L&, SEEFEHFESE,
EFZE bR OWEBEBENGHALL. TRFS v 7RT
BFLEBTAF LI P harmala BFITOThbd Z8E4
2L, XMER " L—EKI2b0THD. FERICBAET
B Peganum BAEM Td D P multisectum Bobr. R (X P,
nigellastrum Bunge OFEFIX, FIENZAN, HEIYE
FETHY, P harmala ERONIRBRDEBELTVS.

I OEEREL LTIUTORRBBLETHD.
OHEfFORE S, RE, 88, BE~BBHAO=HH iRk
#95 (Fig.2-A, Fig.3). O FRE L EEEMSEH D
WITERERE FRBECBREL, M2V MRRIEE Z RS
% (Fig.2-B). %7z, harmaline &%} harmine ’EHEETH
HILEND,QINLDEME I n< NI T T 4 —ToHr
LEERTS. RETHD. BT TLC S Fig. 4 (TR T
X 912 harmaline & U® harmine 23§ B H ARy F & L
THETIENEIELE LS.

£, TR BT v FROEF B TAFE LIZETFI2Oon
T harmaline % (} harmine 8% #f~7/= & Z 5, Table5iZ
ATESCHR T v 7 OHMENMEEZ R U2 LR
%¥ harmaline & O harmine & 82 E < 725 &, Degtyarev
HITHE PLTWE. ZhpbE#TsE, HIRFT v
7, RABEFPEEN T ARERTETE RV,

Harmaline, harmine 72 £ @ § -carbolines (X1 {E M Dt
TEDFFEIALICER L 20, FRAER OMRIRE R
MRAD S ~ifi7p &G EE T WEBESN TS, £
D—FT, B -carbolines iX MAO FEEHI & LC DMT &0
EYEROBBER S Z EBMb TG 715229,
Table 6 |Z7RT L 5T, MMOMEPBE A ITIIED
TEHERCHFET LN, ZOSBREBHIKEXL, —BTIH
2. ELAEY E UCHEBRANALIZ, harmaline, harmine &
BOBVHEA LLEFEZRATII, TS LW R
EPBEIND.
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Fig. 2. Morphological characteristics of Harmala used as an abuse drug (H-1) and plant body of
Peganum harmala cultivated from H-1

A: Angular brownish seeds, B: Alveolate structure on surface of seeds, C: Seedlings,

D: Erect, glabrous, perennial herbaceous and terete below, angled abave, much-branched
stems, E: Leaves alternate (arrows), F: Deeply and irregularly pinnatisect leaves,

G: Flower (from June to early July), H: Capsules and seeds (arrows)

(41)
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Fig. 3. Seeds of Harmala used as an abuse drug and Peganum harmala

A: H-2, B: H-3, C: H-4, D:S-1, E: S-2, F: S-3, G:S-5

(42)
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