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ABSTRACT

Lipophilic glandular trichomes form secretory vesicles that accumulate in a distended noncellular secretory

cavity. Imidazole-buffered osmium tetroxide solution was used to visualize unsaturated lipids in glands of

Cannabis sativa. This method of staining revealed two kinds of secretory vesicles in the cavity of glands. Some

smaller and rounded vesicles in the secretory cavity and secretory cells were positively stained with the

imidazole, and they appeared electron—dense. The other type of vesicles which have bigger sizes more or less

were not reacted, however, they appeared transparent. A high contrast of the cuticles which cover the gland

was also strongly reacted with that processing. Those result suggest that the dark vesicles in the cavity may

contribute to enlarge the subcuticular wall and cuticle when contents of these vesicles are dispersed into wall.
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deke] BR|EE Ay ER|EAE PviE
gz Enjsle Bu)7HHo AAgc (Hammondi]—
Mabhlberg, 1977, 1978). ¢]& Bu|neo] HujMz=zx
Bl 7 dAdtAel utetd MadizRE gkt B
v EAE s, o]F Ru|7toes Hu|EH(Kim
3} Mahlberg, 1991, 1997b; Mahlberg 2} Kim, 1992). &
3], vl AE-E2¢l cannabinoids: THvb £H) %9

B 2 9989 E T AR edyuld 5 AAS5E

e Z2RE] $AH] Bulvted EHFHE=E HE
ARE-¢l tetrahydrocannabinol (THC)Y= E8]A|£2] A
Zs} Bu)7}e] Amolut, Fe|Fol| Wi AlZez
oA} 74t A& e A EL A aAlei e AH
S0l VElA ket o]gjst AMAE A4A 2 RE
A S+ cannabinoids: He]® THC7} ofni,
THCE= #AF3Jell €] cannabinoids2A] M EAe)A] &
AE3 Bujtoes Hu)® Foof el ey
o] W& # v} (Kim3} Mahlberg, 1997a).
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gk ppA o] o)FolHA theat terpenoidst &
fHE AHNE =8} (Turner =, 1978;
Lanyon %, 1981). 181}, Bu|Ad| 29} Eu)7}belA]
AR BvAHe] Az BAe] ofwdl ], o
E Ot 59 BnlEAe] of" Afe oA
A=A H3M oby oW dFx °IT°1217<I
Wkt & A7E HAHA g2 olHF FoI ¥
AL YelHez FAF) w3lua A 7—‘]"!"3]'
At

e o wy

B | Fof AL4-F o= MexicanA| %-2] Cannabis
sativa L.2A 47 (4 : 8A17k-¢}: 16A17h 3} &=
@2~24°0 % $57F QY $ARE Ao} A3
Qe A ARY A2E AHEstgch ¢
v 2 g 2 gtEe] =248 1% dimethyl sulfoxide
7} 3715 0.12M sodium phosphate k& o2 Az
¥ 3% glutaraldehyde (pH 7.2)ol 72A17F AnA A|71
o5 (Kim3} Mahlberg, 1991), 0.02 M imidazole (Sig-
ma, [-0125, Grade 1) $=8¢]] 1584 2¥ =z]3}
% (pH 7.5), 4% osmium tetroxide Z %% AH7}A)A 30
27 A ARt A7) 222 2% uranyl ace-
tate2 4°Col| 4] 1A]7F5¢t bloc-staining 3}32 ethanol
EEAS 02 "4A]F, propylene oxide2 X 3HA]
71 o Spurr gl =oj A7l ZojE Ase
60°Coll A 24417t A7, Aag 2w
(Ultracut S, Reichert-Jung)$} diamond knife 2. A t3}
o, &AM H-E& 200~ 300 mesh copper gridel| 4235}
I lead citrate 9} uranyl acetate 2 GMA|Z] & F3pA
A4 )7 JEOL-1010)e.2 #&3de.
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imidazole 9 M-& oleic acid, olein®} 72 B3 3}x)
vhabell 738k oFAub-e-& el A|qk palmitic acid,
stearic acid$} 7 EI[AAMIME SA YRS
ehach el wulme) wARAG weby Do

A FRSE £44 BAHRE FEAD 05 4
Sol ARE AAQEe e HAHE Sk 9

& dinle] EwW]2E imidazoleZ A 2]3}e] QAurL-
A7) F, 29 E =R Aoz s o
o] A3E Aot

Yobe) polee sz E 23e 3 Ry
Aol et Bulzke] FA AT Bulvkel YA F

Sl walAES) Ao zrE guEde) g
7oz FHlFHe SHHALEY 7] ARl

23 2 BHaEst 715 A 99 Beaze
polAzaRE o5d o TR 2B
AR o oz Frab) ok ¥
MAZ Aolol EHAZHe R $oY Yt
So) wulaxs ol o] e Fig D).

Ao} Frjme] Fu|7tel i imidazoleol] FAIMM--&
R e T Py
o 2p 2R Ax5b BRAGSE PPVEE
= BHLLE— 717} 0.5~0.7 umel] 3= ¥
WA 2k Aolgl o, A4S Yeh: Ae =
717} 10~20 umol] Zehe= 2 FF9] EujLx 504
o} (Figs. 2, 3). =38k, ¥0]7H& Eeide Axge] 7
€] EE 7 S el (Fig. 2).

oz AaAzry H4Y wEe Ju
7 EFAL 2AYE olFw Wt FHE oJvm
2)9i =4, imidazoled] °FAJure-& el AL A
47} F8E o7 Z7|7F 1.0~ 15umel| F3h= =}
<+ 715l (Fig. 4).

319, imidazole & X2|3}A] ¢4-2 EnAz= nE
ez AAL=r} FUste Pujaxe) F/HE
Me T2 4 Adde dnke BejHlEe A=zl
gAo] i FobA EE|ad, 2HAEA, REZE
dobrt 7h5 Allelon] Azl Es Azl
R EA L] A5 HAFH G (Fig. 5).
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imidazole -2~ Angermuller2} Fahimi(1982)o]] 2]
J A% wrd ¥ F2 FERAAA aA 43
o AAE zARPYELEoD Helshy] sk o
25le] $to}(Franke2} Dargel, 1985; Nibbering 5,
1987; Soares2} Souza, 1988; Thiery £, 1995) A} 2%
Aol deAME 78] AHEHIRA] A3kt imidazole
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QAL oleic acid, olein®} 72 E-Z 3R ukAlol] 733}
AQu2-8 el x] 9tk palmitic acid, stearic acid2}
Fe TIRAYAIME S-S Vel wEiA
WA o welA Bl xel] whekstA ¥
dute] apAl Bu)FSe] SAE #3ed oA
o]-$- §-8-3F vl o

) u}(Cannabis sativa L.)= cannabinoidsg}al 3}=
terpene Al E2] XA AREAE ok A3 g
o ddA 282 dute °4°§*37‘7l7} ¢ 27,
o, = G 2] 2 A9 My iy
g Hu| =t o AAET gl EH| Rl 8~13
NS NER o]Foiz Fu]7)go] Tt & Zof £
VA ZET olE2RE FH|F AEEA] FHHE:
Baq) ¥7ee o FolA 3ITH(Kims} Mahlberg,
1991). £ o5 WAz A ze] ) A%
93 gk & AFAES) AFAT e wlw
o pulde] Heldoz 4] oMt LT ol
Fol oL SATEAE T A7) 518
e olde it AF BHAFEA
cannabinoids®] &3} ¢l 31—24—9‘ 98l Hu|7}eo] wk

do] A, 1 o] Fol] vl FEEAS A
o] ¥u|ztgo] 3] dejubedl 71U FEH(Kim
3} Mahlberg, 1991; Mahlberg$} Kim, 1992).
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(1992) &) AF<IN WA Aol ElaE A
B4 AT AL oPAAA @A Raleh 2k,
o] el wHgR 27b o
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o) edlA PV el welzzsl 7
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Mahlbergs} Kim (1992)2] 7oA #razl wie}
Zro] Hu)7} Al Eu|7A AR Pujaze R
v gEZ oz o)FE F ¥ FEIE A
718t gl Eald wul Uit Fig. 13} Figs. 2,
3o #AE wpe} 2ol Eu|7h e HH|lAZE A
717} ©}ekslR| Tt imidazole 98l kA ub-2-2 e}

= AL 05~07umel)] B3 Z7)S A ¥|wA
e EH|AXE olgldh. Fu[7 Rujaze] o
2o 2AREE Z7)7F 10~20 umel] EEH= Z By
AFXEL imidazole FMe] SAuNS eI
olgst AMA2 Eu7h WS LEe
noids& 43l 7|5E $isiy 4y Ba ]-’fl“}
o] FE|F Aol Fod AMaEAL oFE I
g3e 33 9ee B = Aoz A Mahlbergil-
Kim (1992)¢] Q78 Ak w9 2n|gle o
T AFetn Al

g, Fig. 49} Zro] EnH x| HzAd glM=
F39] 22 n)Eao] imidazole Ao kAL
&+ Yesdn AAdest $3A%, 2717 vl

cannabi-

2 2R Fee wwede SNeE e
Wz A Es Witk AALES} ¥e e 2

719] ERjEA-E Fu7helA kg uksE veb gl
d Fujize] pulEAs 22 F{FY Ao AR
Aok 2 Q7o M olE kdubEE dehie
Eu|EAle] AL 1A AA = A B
7} Z-&lglch. vhgh, cannabinoids®] #u¥je} oo 7
BE A T3l BAL 207t HA o|Fel=
ol zol FEAEE Aoz Hol A&Hoz F
vEI &S & F U+
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FIGURE LEGENDS

Fig. 1. A longitudinal section of glandular trichome with two secretory cells related to enlarged secretory cavity containing

numerous secretory vesicles (SV). Wall material accumulated between secretory vesicles also occur in secretory cavity

(arrows). Note the grey secretion in cytoplasm and vacuoles of secretory cells. N (nucleus), S (secretion), P (plastid). Bar=3

um

Fig. 2. Secretory vesicles of different sizes are evident in the secretory cavity. The vesicles stained dark with imidazole (M) appear
to contact the subcuticular wall. Highly electron—dense wax layer of cuticle (C) is evident. Bar =500 nm

Fig. 3. A portion of secretory cavity showing electron—dense and small secretory vesicles (M) interpreted to represent lipophilic
contents being transported from the cavity to the cuticle. Some of them appear to be fused each other. Bar=1 pm

Fig. 4. Secretory vesicles stained with imidazole (M) are evident in the cytoplasm of secretory cell. A negative reacted vesicle (SV)
is also present upper right corner of the micrograph. Bar =200 nm

Fig. 5. Control microgrph of secretory cell showing its numerous organells such as mitochondria (T), polysomes, and plastids (P).

Note the secretions (S) in the cytoplasm. Bar=0.5 pm
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