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ABSTRACT

Plants of Vitex negundo are known to develop numerous trichomes throughout their body, where certain
trichome types have been believed to be one of the plausible structures for the unique scents. In the current
study, structural aspects of the trichomes have been examined in leaves and stems of Vitex negundo using TEM
and SEM. Trichome types as well as structural changes that occurred in certain trichomes during secretion
have been mainly focused. Three types of glandular trichomes and two types of non-glandular trichomes were
developed in the epidermis of young and mature Vitex negundo plants. The glandular trichomes included the
peltate type (Type 1), the capitate type (Type 2), and degraded capitate type (Type 3), whereas the non-
glandular warty trichomes contained the multicellular (Types 4) and unicellular type (Type 5). Type 1 and 2
consisted of head and stalk cells, but their number and size were different. One secretory cavity was formed
from the four head cells in the former, but only two head cells were involved in the latter. The cytoplasmic
density in the head cell was quite high and in particular, sER and Golgi bodies were well developed. At
initiation of their development, the cuticle layer of the head cells separated from the outer tangential wall to
form a secretory cavity. Subsequently the cavity expanded acropetally and a large number of secretory vesicles
continuously produced from the head cells until they filled the entire cavity. The cavity contained materials
that would be soon discharged into intercellular spaces and/or into the air. The cavity began to decrease the
volume by contracting at initial secretion but degrade rapidly within short time. It has been suggested that the
mode of secretion in V. negundo is probably the eccrine secretion, since no break or rupture of the cavity has
been observed during examination. Contrastingly Type 3 exhibited deterioration of the head cell at early stage.
Type 4 was about 110~ 190 um long, consisting of 2~3 cells, and distributed more in the adaxial epidermis
compared to the abaxial surface. However, 20~ 30 um long Type 5 was extremely dense in both epidermis.
Among several trichome types, Type 1 and 2 probably play an important role in discharging unique aromatic

scents in plants of V. negundo.
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u}gkAl AlE- (aromatic plants)-2 2242 o, £7),
YATE Fo) BARNl FHG F& g ¥l

= B 5 pulTEE I B FF
N ABES Bzs|E ABA o8 299
2 malzde] copR Fele) s AL
0)5-¢ £3F =53t 89 v} A EZ 9 B
SEd 4 oled BoED. 55, 2wl
gurat Wb AlEolN $4% 27 AeTIsHg
28 A4 P 3G Beshed 2349 715
288l Aoz ozl FFeolv} (Kim et al., 1998;
Hallahan et al., 2000; Sacchetti et al., 2003; Wagner et
al, 2004). ENA TS} Sasbl] SEso] thett sk
o Azt g e 2R GEe YT 24
& 5 ABA oM ¥9lo) ek R 1Y)
gl 4~ ¢)r} (Sohn et al., 1998; Glover & Martin,
2000; Hallahan et al., 2000; Vrachnakis, 2002; Kim &
Lee, 2005). 34 8] % (glandular trichome) 2} B]EH]
E_(non-glandular trichome) 2. W EE 282 25
°ﬂ w3 7Moﬂ ek 2] WA 2 ej o
4= 9]} (Fahn, 1997, 2000,
2000; Cho, 2001; Vrachnakis, 2002,
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Hallahan et al.,
2003).

A%S) Wilee SAEAE AR i 8 A
G0z Wash o) B2E HEED FH,
e A% Bu|A) E (secretary head cel) 2} HFEAN =
(supporting cel)Z B3} Eu|A =z BH|7}
(secretory cavity)& FAdste] AL 23 dAEA
& AR sk, BaA EE PRRe 2]
HNZE 2Asls WA = (stalk cel)r} 3| £
ntersls= 7] A E (basal cell) 2 F-3}ela, Byl £
2] BAolEH o5& A3l d¥¢E ¥} (Kim
& Mahlberg, 1991, 2000). 3] 2 AxkHele) Fau)a)
25} o} AASH WAEe] 72 54 wet =
A capitate §3) 7} peltate 53 o= ¥ 5o} Capitate
f3ye HAzs Eedz HAe 1285 AH,
peltate 432 sh} == 1 o]Ake] WAlxr] Wl a
oJg Ao Hze AR A RS 2t T

Zo|c}(Abu-Asab & Cantino, 1987; Kim, 1999). £s] %
AN e B A4 wE AfgoE B9
A Bl BAR AT B BE A dA
Y94 e ¥ TR} 7 Aguith %2 ¥
wsbg g Bol AEA W Ee oe e

283 (Vitex negundo)& 3 2Aol} t}ofal £-3 9
wgo] WAt AEANAN F5E5EI e 7
A Wy g ARA 7 7We okpes
AL8-5]o] thoksl x| ge #8-¥lr}(Lee, 1996; Jirovetz
et al., 1998; Beak & Lee, 1999; Lee et al., 1999; Son,
1999). 2 ol ulskAl FEQl Vitex negundo
var. incisa 23 A|EA oA Bu|7|5o| w$ F8
3 d&e sysle oz FHAE 28, 53 o9
$39) Bulno) date] Az I 23] FEAAY ¥
ol 72, Fulte) ¥4, #haz &4 g ¥6E
58 AFstaat sk ol & S8 A4 Y 28
WA 27| RE A& GA o277k F4
Pt

Asted dFshaleh

B Ao AN-El ZE3] (Vitex negundo var. incisa,
Lee, 1996)& Al 39| GAF GALE w3e]ed] =}
Ael= 2182 4x}7 sampling HYoh AR &
AR A& 1~8cm Zo|2] A3} AH 2~Tmme] £7]
= s DA RE A&T DA o|2771A]

A2 o] olzfle] SEM @ TEM Aol A= g)ch

2. Mg

IJ9.

g

1) FAEXIH0|ZE AT (SEM)

ARAAE=E AF" o "W £7]E 3% glutaralde-
hyde 4oz Algolr 3417 AnAg F, 0.1M
sodium phosphate buffer (pH 6.8-7.2)2 15384 33] |
Astelch AAE ARLE 2% 050, 4°ColA] 2~64]
7t Zob E3Aste] Y bufferz ©HA] 1584 33
M)A =gk A" A2 graded acetone seriess. B
Z=% % isoamyl acetate2. 33] X|3ksle] 4°CollA] B

=i} o] F liquid CO,oll 23t A7 = (critical
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point drying, CPD) 3342 AA ¢ 10nme) F43]7t
(Au gold coating) & 13 F =7 2HeA|dd74d
o) 741E} 4A) Hitachi $-4200 SEM O 2 15kVelA] &
A9t} o]3 X&) &Fol® image datax PCI pro-
gramel] Y H ¥ I image processing = S}

=

2) EntMAE0|ZE AT (TEM)

TEM ¥po2 A78 ARES 919 SEM ¥
=gt ApA B F3A, J8]l3 acetone FLIAA &
AA acetone resin®] VA wlE EFLANN =
AWz 72k 12178 Al2-2] rotator AellA] X2 =g
o}, o] resin-e low-viscosity resin Al 2 o2 E3+3}
o] 8 2 =Zuj= e} Resin block2 Reichert Ultra-
cut-S ultramicrotome Aol A1 glass knifeel] 2]+ 0.5~
1.0 um 22HE8# (semi-thick section)#} diamond knife
of 2]8F 60~90nme] ZMFAH (ultrathin section) 2.3
A zr5) 9w} o] 5 AL meshed copper grid 2. $7]7]
A el 2RSS $1= chioroform fume M)l &
shod AYEE compressiong #HAFAZH. AlgE 2%
uranyl acetate®} lead citrate 2 Aol Zbzt 4584
olFd ARt GAH ARt B RAANLDT
9l ) 7AlE)®] Hitachi H-7100 TEME o] &8}ed 75
kVellA dFZAFE ¢l A, Artix Scan 4500t Microtek,
Mitsubishi CP9500DW 58 #]% image datael] <3t

234 9] image processing©] AA]E| 9t}

2

Z-23) (Vitex negundo var. incisa, Figs. 1-3)9] 1=}
2719 23z & 57A £33 24l Wt
o, &3] o8 Yo mizA = &I Yol ¥
8 vle e Euwrsl s 2UshA BAskds o
3 2719 oA 24 % A% 290 I4H g
ATEY §398 B4s Ryl 9B 724 @
Az st 2o,

1. 2d|M 22 (glandular trichomes)

1) Peltate glandular trichomes (Type 1)
Peltate® 9] w32 4709 Hu|A|Z (head cell)<t

Zleo] 5ume] WA £ (stalk cell) Stz B3}l (Fig.
4), g2 A3 2 syl =¥ A wbesilel 22
o5 #9)E nlmslnd dubdozm 3l uls A
o) oj$ 22 2L & Uk AET B
wlEo A Ao} w7}l 2 B x oF S0um A
A8 =72 PAstg s Ymdo] njrelgut, Fuld
abe] M HE o] F pEEHWA EuEA xx B4 ¥
Ao Rz wHUr} A% FEF Fx2 HY
5} (Fig. 5). A58 A1 EA1Y 7 AP HelM= &
23150] vehis £ 39 Fu|R: o] 2AH9
npkA 2 Qo Almlel] B xEka gl o E
o) Axi o DA} A% DAl w& #A et
Wt

Peltate® Fulwel Fudzu Ex]7} AdzAle
e} Zol wi$ whaA APHc Al ZE3 27
A A HA BulHze] oS HAd AxHes
BE Fe]FZ0] XS] He|Fe] FH])7} (secretory
cavity)o] FAH7] Alztsledch #alEe] 7= RH7}
Yell= Rz Axdzrne] 49 WHERE
o] v&aA AMEWE st Eu7tez FUHA
om A&Hon FAAEE FuS MgA FIo ¥
¥} A (secretory vesicles)Eo] ERAZ oz lephgr)
(Fig. 6). ¥u|4%E Ggst F7]ol} HRyE 73L&
A (Fig. 6 insert), YAM] = A4kl B4EC
vk BAe] BEujyl AlztEA U AsEE
2q} ¥udzaRE A4 Burtez f4d5e] WA
FAH oz AYziel B8] 71%5] JHAEHEA o
Bu)mel 2u|7te] HAEHUY FHAZES] U
Zo) 5 A Bu7e) By H4E7] AAEKIH
2a)7)5-¢ vbal pelaed Fwjee] 9173 e A
AR o] wrEEw AASYR FelEFE o
A e §A%A Bsln AY 4% - FEHUAR
(Fig. 7). Bu]BA o] k&g o|F Hul7} ol 4=
ol Bu|pxe dx F43) Fasty 1 Z7] ¥
e Sx 43749 HIYHAS (Fig. 7 insert). o]}
Zro] RulAz AEAeA A BAS Az
E5) B 4xe] Fegz ukE I 27l AAHA
o 2 Z Yol N ZA7|BEe] & Wl o
AEAe AALEE g 24 velhch $AE9=
oAz Bu|73e B B3] wEEHWA £53
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7] AAstedon, Balsbgel Aol 9R8 Fol: F
A3 s2190c) ol @ pelated #9]2t ol 9
A - st gl 27l A A el (Figs. 8-9).

2) Capitate glandular trichomes (Type 2)

el Huldze] wls] wAzsE AA PEse
capitated] B8R $] peltated] Type 1 #8]2o] ¥
s wmA AA Fxsht o - 7] B2 25
urehslgloh. £ capitate® o] ¥Ry 2709 A2 E
B)A Z (ca. 15 pum diameter), WA 3 (5~ 10 um length),
83 7)A A Z (basal cel) 2 o]Folx I} (Figs.
10-11). &7) LA M e Fnxe] A=t F
2zl A glok A W gl we oF
AEAT FE22 Aelsh HelAmA Bulze] §4
Hct v 3Y BuAE Azozny 444 B2
(Fig. 12) =¥ & A% Fo] Aoz FAHo
(Fig. 13) #u)7ko g folsiar #nj3e BulA=E
)z PAslc} (Fig. 14). FHAZ el XA 9
o2 zA ER7F A wdsig on, AU Er} ¥
o M= B¥35)9 ) Capitate Ful 2 Al 34
3|72 peltated] Type 1o v]sh & 2pA YA
Sglon, o % o] Rarse] Rultel $EFA
Bz g R 343 =3ekad (Fig. 15).

ol

3) Degraded capitate glandular trichomes
(Type 3)
2 432 $)9) capitated] Type 2 £4]29} e
oz 8ALE BB]M| X (ca. 15um diameter)9 HAE
(5~ 10 um length)2 T4 = o] 31"1/]- BuM 27} A

24 wg 27| A RE oln] $& - HBHE
A& n9do) (Fig. 16). Type 3 ¥ ]4_—— Z7] 9 )3
st A4 gar glo] A e sl B 3

o}, Qe sl 2719 molzAel o wol LEshe
Aew 2=

2. H|2H|M 22 (Non-glandular trichomes)

1) Elongated mutticellular trichomes (Type 4)

2~37M9 Nz HiEHE= 71 o] 110~190p.m-°4 Z}
Are] S| EA] B4-2 o] sy AME ) Esphy A
e oS ot oS ddEgct ol5 249

ZHolx FE|ESo] 1~2um A== ¥ F5 3 (Figs.
17, 18), & 04~0.5um 578 Azge HEHo=
SAbe o]n Az gAe A WREE AR
A Axg Aot o2 /32 ZE&E vl
A AAsR= Ao oA EA 24 (Fig. 19)2] 714
2ol A WA MEE AL ¢ P AR A=
o] gdlol: 2 SE2F2E (warts)o| I Bl W
i} (Fig. 20).

2) Short unicellular trichomes (Type 5)

o] A - ste] AA HAsa e DHEY B
4¢ 9l9] M EA =& Type 48k HASHA s}
1} 20~30um Zo)e] 17 M=z FAH] glE vlm
A Feak Peo] e mgolh(Fig. 2). & 3 =
g Nzede = EE27z7) F8E g A¥
Al ulEn| 5o FejE o] Ft

o #

Fu8 malzge) Wsh pelze A7 SOum
o] Z= Mz Zo| 5ume WAz I3
peltate 53 (Type 1), 217 15ume) 2h2- EulA| £ 3l
Zo] 5~10ume] WA e} 71MHE2 o]FeIZl capi-
tate 58 (Type 2), BV A Z7} 27 DA oA 2E] = 35}
== degraded capitate 53 (Type 3)2.2 ¥-3}5}3]tt
ubg, v B e shy] AAe] o weshs Aol 110
~190ume] AAF BAZA 28 (Type H7 4 - 317
Aol WA o] 20~30ume] A=A =8
(Type H)oz =t £ A7) FEFore} 7

o) W AEEY) EYEAelr WY 29 9 s

Aot FYBZYE 7|Qske 2qld 8 of)s
= ofg) SuATe el AT ket
A7l sqsp] N B4 E- w2

o] %k ‘%‘%ﬁ}‘:} A1 EA ol ““%ﬁ}t 2go] 53] ¥
AY AS Fulz el 3 E4 o= terpen-
oids, ﬂavonmds iridoids, alkalmds, anthocyanidins,
aromatic compounds & v]£3 TjoFdl 23 HAME
Ho| TFH T, o]E BAE 2Rz WEFo=H o
g urh ENow 4T 4 YA Beh(Wagner,
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1991; Amancharla et al., 1999; Hallahan et al., 2000;
Sacchetti et al., 2003). Eu]A =88 w24 ma3)
AR ez udd —’F—E ot dubxiozm BHw]
B4 AAg WY w2 543 ¥3E g "
©} (Fahn, 2000; Werker, 2000). Hrie] Bujwi 3
v A 29} RaMz2 FAEY, Bl (secretory
head cell)ol] £u]7} (secretory cavity)S 3 A3}e] ]3¢
of HwujEAe Al Eude} (Kim & Mahlberg,
1991; Ko, 1998; Fahn, 2000). Buxx=2e] EZlo|%
& 23l ol BHMEE AAFh= dTE 3
B RN o= )X A X (basal cel)9} wAZ (stalk
cell7 ek 1E WA ZE B2 AR,
x3del] 9l 7|AM =z 25t w22 AHH
o Qo weuld wae HHEz FAE S
(unicellular trichome)7} 7}3} &31A4 whdsh} £a]4
B2 EFe wet Gt f¥oz B3E S o
(Ko, 1998; Kim, 1999; Kim & Lee, 2005).

FHAES R EudEe] Adxu AFAA 9
Bol BAE AT F AzAzre L BAES
WEA ek dubd oz RulAEdAE Hzv 4
At a3 A YAY 22T AH 715E +YE
7] 98 AR B o5& BT Bu|EAe =¥
A7) 2 ¢Jo}(Kim et al., 1998; Cho et al., 1999; Kim &
Mahlberg, 2000). 28|21 &2] FulFz: ¥njiz
o} WPulzz I, 48 Yoz F3H
vl B2 FH= oFstA vehdo (Fahn, 2000). £
HEs B Ay BAW mx 444 20
Fbe] SpspE Aol meps wule] v TR o)
£ 52 e 4 sl R A el

HHAEE TP Ay TR A Aol §
4ole] 949 W At AT A1) PHla

o} o] wtoz EEl 2 F HAEA 78l
Aeise] A% - FHWh AdHoz 254 Tl
FEe] FHEE WRMZdE o8 e AA3)
7) $18k FAcial TRl Bu)el WAsle] Ful7) Ao
3] w4 Fasgt 71%S £ g (Kim & Mahlberg,
1991; Hallahan et al., 2000; Kim & Mahlberg, 2000).

9y AEsl w2 W Polme 44
WA= Ngel w2t Buge] YHH F P4
o) AlaAzaE gulEdo] YA puos &

vl - 2480y Byd vl 9loh(Kim & Mahlberg,
1991; Fahn, 2000). o)2b= ], 2 A7) F53 o)A
BNzl o3 dgsle AaAelA olHd
R EAL FA, 2 2 SH %l F8T 94FEE
e ofaRe YRR ot 2Ehv 23 2R 2
4227} R4:35] we] PAF o] Hu]7he] hZel 74
Hoz 715 AAE AL 2904 EAE A3
T BRElRe o ERR A A e 3o
AbslA A= Bu) 4ol vlokst £59 ¥HE
Aol MAF I, Fujzke] WAH wf i $H| 2w}
R o Zom o)F - §IF FEIEFE A,
FH)7k gl 7]ty dAbo] FEY WHm
peltated] Type | & capitated] Type 26]A = &<l = g)
o

g M zAe] gt Al xviox B4L F
A o]F olFATIE 9 HEAHY AAolm=z
o ouix]E Fga =z 3t} (Fahn & Shimony, 1996;
1998). wetA] o] & MEolx FAA L &
2A 59 AzA7Fe] A s, 53] A4A e
gHrzA 2] Z7R FuldAA
Aol & 4 Ut} (Wagner, 1991; Duke & Paul, 1993;
Hellahan et al., 2000; Cho, 2001). M AX)| =
penes] AT FAHe] Shm Bu1EA FAo
Fodal= AT Av|FHe g LxAI) W, B
3 wwzAs £RY 4% @ ZRLTA
{Oross & Thomson, 1982; Kim, 1999) =3 Fa 44
(Heinrich, 1973; Kim, 1999)2] weto] 8 1% u} 9o}
(Platt-Aloia et al., 1983; Kim, 1999). 52 &5-2] Hu|
AL & AxEe] Y5l FYS Jx7} 4
A, ol & 472 ¥¥|E Type | % Type 2]
A 2 BAHA £, F5Y) u) 2ol glo} ¥
& Ao} o]F EuM o] npgZE FE|ZF3

o

Kim et al.,

FEg1 &

monoter-

AR it 76l A A g Aew u
o pelges wiE F FEEE Bl 4G B
A AU S Qe apAs) BAlwel B pulg

A Lo Hu)E+E vhale g (Kim et al., 1998) 3‘—]‘3—-_“5]4
WEEA] Balo] vlEHEE Zlez BelH.

olg} o] EE3o] Eujn: 27| wAS5A] v
A o]& whAd Age] Fwm|ME FE]FEo] AxH
o2 HE AMAME] RalF o] HAHHA Eu]7}e] A



40 Korean J. Electron Microscopy Vol. 36, No. 1, 2006

& Azde 5
e A 7

Ak Uz elA 44E 23
3 esle) wulzel AR Tl
3 (membraneous compartments)g] A%E- (vesicles)ol|
s A= o] & FEo| WA ¥uAE M5
Ao YA BAES FH3l] o|F WntE
S A71A g RS rE dEshe o=
Rolr, o]= SEM A+-5 Ea HulHzHo| v
A k31 Felo] doju} S&F= HAfo g Sopd 4
ATk mEby F5F 8| EoA dojuii= 1) He)
= &} B (eccrine secretion)e} 1 A ZtE ], A&
Aol 2 B9 e sl peltated Type 1 U capitate
3 Type 2 339 Eu|ESo] o|& A& ¥nH|¥A
oM wl$- Fadt dFgg e Aoz FAHG

olidoll Mg} Zro] FEHeNA HE7] En|Fze] o
3t dlolel: A, o2 WA Bu]AEelA dojut
= Azs5Fore] 553 7223 54 AT =
5 F 7o, A4, WA kA Ee] TRk B
Aol Wzt 7164 AR AFN Lot HAEAE
ol &3t AlaA A Fof oJdelA wig H4shA B
43 Qe 712 Asrt 2 Ao
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FIGURE LEGENDS

1. General morphology of Vitex negundo var. incisa.

2. Top view of the mature adaxial leaf.

3. Top view of the mature adaxial leaf.

4. Four head cells (HC) in the peltate glandular trichome. Mature leaf adaxial epidermis. [=Type 1. Bar=15 pum.

5. A shrinked head cell shown after secretion. Mature leaf adaxial epidermis. Bar=15pum.

6. Part of a fully expanded secretory cavity (SC) within peltate glandular trichome before secretion. Notice dense cytoplasm in
the head cell (lower left) and numerous secretory vesicles (asterisks) in the cavity. Bar=580 nm. Insert: A cluster of
numerous secretory vesicles taken from slightly thick ultratin section. Bar=300 nm.

7. Part of a peltate gladular trichome after secretion exhibiting significantly reduced secretory cavity (SC). The cavity and head
cells were already undergoing deterioration. Bar=580 nm. Insert: Higher magnification of the secretory vesicles remained
within shrunk cavity. Compare with the insert in Fig. 6. Bar=150 nm.

8. Abaxial epidermis of the immature leaf near the mid-vein. Bar=150 pm.

9. Distribution of dense trichomes in the immature stem. Bar=50 pm.

10. Typical capitate glandular trichome from the immature leaf adaxial epidermis. ST=stalk celi. Bar=3 pm.

11. Top view of two head cells (HC) in the capitate glandular trichome. Immature leaf adaxial epidermis. lI=Type 2. Bar=5

pm.

12, Partial view of an early stage of a head cell (HC) and secretory cavity (SC) exhibiting fibrillar materials (arrows) arising

from the head cell wall (CW). Bar=200 nm.

13. Numerous secretory vesicles (asterisks) in various sizes within secretory cavity (SC) formed continuously from the head cell

(left). Bar=500 nm.

14. Formation of the secretory cavity (SC). Arrows indicate the expanding secretory cavity. Bar=1 m.

15. Markedly contracted secretory cavity (asterisk) after secretion. Mature leaf adaxial epidermis. Bar=5 pm.

16. Degraded head cell of the Type 3 trichome (1I). Immature leaf adaxial epidermis. Bar=5 um.

17. Cross section of multicellular non-glandular trichome. Arrowheads indicate warty projections on the surface. V=vacuole.

Bar=2.5um.

18. Closeup of Fig. 17 showing undulated cell walls (CW, arrowheads) and thick cuticle (C). Bar=830nm.

19. Distribution of the Type 4 trichomes noticed along the major vein (arrows). Immature leaf adaxial epidermis. Bar=100 um.

20. Young multicellular non-glandular trichome (M) in early development. Immature leaf adaxial epidermis. Notice the absence

of the warty projection in the first cell (asterisk). I=Type 1. Bar=15 um.

21. Unicellular non-glandular trichomes (U) from the mature leaf abaxial epidermis. Bar=15 pm.
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