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CHAPTER I

INTRODUCTION

The phenomenon o f  sep aration  o f  su bstan ces from th e c e l l  p ro to 

p la s t  i s  commonly re fer red  to  as s e c r e t io n  and many p la n t typ es  

e x h ib it  t h i s  form o f  c e l l  export o f  m a te r ia ls . The se c r e te d  su b stan ces  

may remain w ith in  c e l l s ,  in te r n a l c a v i t i e s ,  or can als; or th ey  may 

emerge from s u p e r f ic ia l  sec re to ry  c e l l s  to  th e  su rface  o f  the p la n t  

(Esau, 1960). The ex tern a l se c r e to r y  s tr u c tu r e s  assume many forms 

varying  from very sim p le  to  very complex. The h ig h ly  d if f e r e n t ia te d  

se c r e to r y  str u c tu r es  in v o lv in g  many c e l l s  are re ferred  to  as glands  

w h ile  th e term g lan d u lar i s  ap p lied  to  th e l e s s  complex se c r e to r y  

s tr u c tu r e s  such as g lan d u lar  h a irs  o r  epiderm is (Esau, 1960). Both 

th e  g land s and g lan d u lar h a ir s  f a l l  in to  th e  category o f  p lan t t r i 

chomes, th e  term b ein g  ap p lied  to  a l l  outgrowths from th e  epiderm is o f  

le a v e s ,  sh o o ts , and roots whether th ey  be u n ic e l lu la r  or p lu r ic e l lu la r  

(U p h olf, 1962).

C la s s i f ic a t io n  o f  sec re to ry  trichom es has been based on s e v e r a l  

d if f e r e n t  c r i t e r ia .  The th ree  c r i t e r ia  most commonly used are th e  

nature o f  the su bstan ce se c r e te d , th e  morphology and anatomy o f  th e  

se c r e to r y  s tr u c tu r e , and s tr u c tu r e -fu n c t io n  r e la t io n sh ip s  o f  th e  

se c r e to r y  stru c tu re  and i t s  s e c r e t io n  product (L u ttge , 1971). Of th e se  

th ree c r i t e r ia ,  th e  two o ffe r in g  th e  le a s t  v a r ia b i l i t y ,  th er e fo r e  th e  

e a s ie s t  and most d e f in i t e  c l a s s i f i c a t i o n s ,  are trichom e morphology and

1

R e p ro d u c e d  with p e rm iss ion  of th e  copyright ow ner.  F u r th e r  rep roduction  prohibited w ithout pe rm iss ion .



2

anatomy and th e n ature o f  th e  se c r e to r y  su b sta n ce .

The se c r e to r y  c e l l  i s  known to  have a s p e c ia l iz e d  cytoplasm  

u su a lly  independent o f  th e  su b stan ce to  be exp orted . The purpose o f  

th is  study was to  in v e s t ig a te  th e  development and morphology o f  th e  

sec re to ry  s tr u c tu r e s  o f Nepeta c a ta r ia , th e h is to c h e m is tr y  and u lt r a 

str u c tu r e  o f  th e  s p e c ia l iz e d  gland cytoplasm , and to  observe the  

changes occu rrin g  in  the s p e c ia l iz e d  gland cytoplasm  w ith  m aturation.

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



CHAPTER I I

REVIEW OF LITERATURE

One of th e e a r l i e s t  in v e s t ig a t io n s  o f p la n t tr ich om es, i . e . ,  

outgrow ths from th e  epiderm is o f le a v e s ,  s h o o ts ,  and r o o t s ,  Involved  

th e  s t in g in g  h a ir s  o f th e n e t t le ,  p la n t.. Hooke, In  1665, mdd& e la b o ra te  

drawings o f  the v e n tr a l s id e  o f n e t t l e  lea v es-sh o w in g  the morphology o f  

th e  h a irs- and describ ed , how t h e ir  poison  i s  In je c te d  In to  th e  sk in  

(U pholf, 1962). In 1668, M alp igh i d escr ib ed  trichom e morphology and, 

in  r e la t in g  th e  trichom e s tr u c tu r e  t o ' fu n c t io n , p o s tu la ted  th e fu n ctio n  

as p r o te c t iv e  for-em erging p la n t p a r ts . Linne (1735) in  w r it in g  about 

trichom es s ta te d  th a t th e ir  fu n ctio n  waB fo r  p r o te c tio n  o f  th e  p la n t  

from h ea t and c o ld ,  w h ile  S c h i l l in g  (1752) regarded trichom es as 

" a b so rb in g -v esse ls  or c a p il la r y  tubes- (U p h o lf, 1962).

C la s s i f ic a t io n  o f  Trichomes and Glands

From the work done in v o lv in g : d e sc r ip t io n s  o f ■trichom es and th e ir

fu n ctio n  came .attem pts to - c la s s i f y :  trichom es b ased .on  th e ir  fu n c tio n .

In  1794, Schrank made, a d is t in c t io n  between trichom e typ es d iv id in g  
,7

them in to  h a irs  and glands;: Glands were- fo r  th e  s e c r e t io n  o f  d e f in i t e  

c e l l  saps- and h a ir s  were th in  narrow tu b es o f  vary in g  p r o p e r t ie s  on 

th e  su r fa c e  o f  p la n t, p a rts .:  Some: of- the: p ro p er t ie s  o f  h a ir s  were hard

n e ss ,-  softness:,.: transparency;: and: co lo r  (Upholf ;: 1962) . A ccording to  

U p h olf, to d a y 's  accep ted  c l a s s i f i c a t i o n  o f-tr ich o m es in v o lv e s  s i x

3
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c a te g o r ie s :  (1 ) p a p il la e ;  (2) unbranched u n ic e l lu la r  tr ichom es; (3)

u n is e r ia te  tr ichom es; (4) p e l ta t e  s c a le s  and s t e l l a t e  h a ir s ;  (5) c la -  

v a te , c a p ita te  and g land u lar h a ir s ;  and (6) v i l l i .  The g lan d u lar h a ir s  

have been c l a s s i f i e d  more on sec re to ry  a c t i v i t i e s  than on s tr u c tu r e .

Frey-W yssling (1935) d iv id e s  the phenomenon o f sep a ra tio n  o f  

su b stan ces from th e c e l l  p r o to p la s t ,  commonly c a lle d  s e c r e t io n , in to  

th ree groups: s e c r e t io n ,  r e c r e t io n  and e x c r e t io n . He d e fin e s  s e c r e 

t io n  as the exp ort o f products o f a s s im ila t iv e  m etabolism  (p r o te o ly t ic  

enzym es, p o ly sa c c h a r id e s , su c r o se , h e x o s e ) , r e c r e tio n  the exp ort of 

products o f d is s im i la t iv e  (secondary) m etabolism  (wax, r e s in s ,  e s se n 

t i a l  o i l s ) , and e x c r e t io n  as the exp ort o f  su bstan ces in  the same 

chem ical form in  which they were i n i t i a l l y  taken up by the p la n t ,  such 

as s a l t s  (L u ttg e , 1971). Esau breaks the tran sp ort p rocess in to  two 

groups, s e c r e t io n  and e x c r e t io n . She d e fin es  s e c r e t io n  as exp ort o f  

su b stan ces having a s p e c ia l  p h y s io lo g ic a l  fu n ctio n  a f t e r  they are  s e c r e 

ted  (enzym es, horm ones), and e x c r e t io n  as export o f  products o f d iss im -  

i la t o r y  m etabolism , su bstan ces no longer used by the p la n t ,  e . g . ,  

te rp en es , r e s in s ,  c r y s t a ls ,  e s s e n t ia l  o i l  (Esau, 1960). For th e pur

p oses o f  th e  t h i s  work s e c r e t io n  w i l l  be used as a gen era l d e s c r ip t iv e  

term fo r  the rem oval o f su bstan ces from th e  c e l l .  This i s  done to  

e lim in a te  co n fu sio n  s in c e  th is  typ e o f trichom e i s  c l a s s i f i e d  g en er a lly  

as a " secre to ry  tr ichom e."

S tru ctu re  and Development o f  S ecretory  Trichomes

The developm ental com plexity o f se c r e to r y  trichom es i s  dependent 

upon th e mature s tr u c tu r e . Some sec re to ry  trichom es are sm a ll, s im p le , 

u n ic e l lu la r  s t r u c tu r e s ,  such as g landu lar epiderm al c e l l s ,  w h ile  a
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g rea t number are complex s tru c tu res  o f many c e l l s .  In th e Madinae 

(Com posltae) some o f  the glandular trichom es are la r g e  b is e r ia t e  s tr u c 

tu res having a sec re to ry  capitulum  o f two t i e r s  of c e l l s  (C a r lq u is t ,  

1958). The development o f th ese  s tr u c tu r e s  begins w ith  an a n t ic l in a l  

d iv is io n  o f  a protoderm al i n i t i a l  y ie ld in g  a b is e r ia t e  co n d it io n .  

D iv is io n s  o f th e se  two b a sa l c e l l s  are p e r ic l in a l  u n t i l  the top  t i e r  o f

c e l l s  b eg in s to  undergo a n t ic l in a l  d iv is io n s  s e t t in g  up the low er t i e r

o f  the cap itu lum . The gland i s  then f in is h e d  by one more s e t  o f  p e r i

c l i n a l  d iv is io n s  o f th e lower t i e r  o f capitulum  c e l l s , thus y ie ld in g  

th e d o u b le -t ie r e d  capitulum .

A l e s s  com plicated  b is e r ia te  gland i s  found on the s a l t  s e c r e t in g

p la n t Tamarix a p h v lla . The e n t ir e  gland c o n s is t s  o f on ly  e ig h t  c e l l s ,

two c o l le c t in g  c e l l s  and s ix  sec re to ry  c e l l s .  This p a r t ic u la r  gland i s  

n o t c a p ita te  b ut m erely c o n s is ts  o f  a b is e r ia t e  s tr u c tu r e  o f e ig h t  

c e l l s ,  and then the a n t ic l in a l  d iv is io n  o f th ese  c e l l s  s e t t in g  up the  

e ig h t  c e l le d  b is e r ia t e  s tru c tu re  (Campbell and S tro n g , 1964).

A d if f e r e n t  type o f pattern  i s  requ ired  fo r  th e g landu lar t r i 

chomes o f P sy ch o tr ia  B a cter io p h ila  which has a s in g le  s ta lk  c e l l  from 

which r a d ia te  many branch c e l l s  (H om er and L ersten , 1968). G landular 

trichom es w ith  a u n is e r ia te  s ta lk  and a m u lt ic e l lu la r  capitulum  are a ls o  

found on many k inds of p la n ts . The d ig e s t iv e  glands o f the Venus f l y 

trap c o n s is t  o f a s in g le  b asa l c e l l ,  a s ta lk  c e l l ,  and a m u lt ic e l lu la r  

capitulum  c o n s is t in g  o f two t ie r s  o f  c e l l s .  The f i r s t  two d iv is io n s  

are p e r i c l in a l  fo llow ed  by a n t ic l in a l  and p e r ic l in a l  d iv is io n s  (S ca la ,  

Schwab, and Simmons, 1968). A s im ila r  but l e s s  com plicated  gland i s  

found in  th e L ab iatae. Mentha p ip e r ita  (peppermint) has two typ es of 

sec re to ry  s tr u c tu r e s ,  glands and g land u lar h a ir s ,  both of protoderm al
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o r ig in ,  thus trichom es. The gland c o n s is t s  of a b a sa l c e l l ,  a s ta lk  

c e l l ,  and e ig h t capitulum  c e l l s .  G landular h a ir s  in  peppermint are 

even s im p ler  having ju s t  a b a sa l c e l l ,  a s ta lk  c e l l  and a s in g le  c a p it

ulum c e l l  (Howe and Steward, 1962; Amelunxen, 1964, 6 5 .)

One fea tu re  found in  some trichom es but n o t in  o th ers i s  the  

c u t ic le  or c u t ic u la r  b lad d er. The presence or absence o f  th is  s tr u c 

ture depends on th e  su bstan ce se c re ted  and i t s  p o s s ib le  fu n ctio n .

Many g lands e n t ir e ly  lack  a c u tic u la r  b ladder such as th ose found in  

some o f  th e L abiatae but few e n t ir e ly  lack  the c u t i c l e .  Some trichom 

e s ,  such as the s a l t  glands of Tamarix ap h y lla  (Shimony and Fahn,

1968) have heavy, th ick  c u t ic l e s  coverin g  the e n t ir e  s tru c tu re  and 

sep a ra tin g  i t  from surrounding epiderm al c e l l s .

P h y s io lo g ic a l and U ltr a s tr u c tu r a l A spects 

o f S ecretory  Trichomes

D esp ite  m orphological v a r ia b i l i t y  in  sec re to ry  trichom es, tr u ly  

sec re to ry  c e l l s  appear to  have se v e r a l c y to lo g ic a l  fe a tu r e s  in  common 

reg a rd le ss  0 f  th e nature o f s p e c i f i c  su b stan ces exp orted . From some 

of th e s p e c ia l iz e d  fea tu res  i t  i s  p o s s ib le  to sp ecu la te  on the p h ysio 

lo g ic a l  a c t io n  o f the g la n d . C h a r a c te r is t ic s  o f  s p e c ia l iz e d  gland  

cytoplasm  in c lu d e : sm all cytop lasm ic v e s ic le s  or m in iv e s ic le s ;

numerous m itochondria; den se cytoplasm ; r e la t iv e ly  la r g e  n u c le i;  in  

some ca se s  numerous d ictyosom es; and an e la b o ra te  c e l l  w a ll w ith  in 

growths in to  the cytoplasm  (L u ttge , 1971). In se c r e to r y  c e l l s  the  

mechanism o f in t r a c e l lu la r  tra n sp o rt depends on the presence or ab

sence o f e ith e r  dictyosom es or w a ll ingrow ths.
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Small V e s ic le s

The s a l t  gland o f  Tamarix aphylla  i s  composed o f  e ig h t c e l l s ,

s i x  o f  which s e c r e t e .  In  th e  s e c r e to r y  c e l l s  sm all v e s i c l e s  are found 

to  occur around th e  p erip h ery  o f  th e  c e l l  in  a s s o c ia t io n  w ith  w a ll  

protuberances (Thompson and Liu, 1967). I t  i s  thought th a t  th e  sm all 

v e s i c l e s  tran sp ort m a ter ia ls  through th e  cytoplasm  to  th e  w a ll fo r  

export from th e  c e l l .  Shimony and Fahn (1 9 6 9 ), a lso  working w ith  

Tamarix, have a ls o  found th e  sm a ller  v e s ic u la r  s tr u c tu r e s  in  th e  gland  

cytoplasm . In Daucus c a r o ta  (ca rro t) c e l l  c u ltu r e s , i t  was found th a t  

m u lt iv e s ic u la r  b o d ies  occur ap paren tly  fo r  in t r a c e l lu la r  tra n sp o rt o f  

m a ter ia ls  to  th e w a ll during c e l l  sen escen ce  (H alp erin , 1969). F in a lly ,  

th e  s e c r e to r y  trichom es o f  Mentha p ip e r i ta  (peppermint) have been found 

to  co n ta in  many sm all v a cu o les  (Amelunxen, 1965).

M itochondria

M itochondria are known t o  be c e l l  o rg a n e lle s  r e sp o n s ib le  fo r  

su p p ly in g  th e  c e l l  w ith  energy y ie ld in g  adenosine tr ip h o sp h a te  (ATP).

An in crea sed  number o f  m itochondria  in  a c e l l  can in d ic a te  c e l l  fu n c

t io n s  req u ir in g  large  amounts o f  en ergy , e . g . ,  a c t iv e  tr a n sp o r t . This 

has been found to  be th e  case  in  s a l t  glands o f  p la n ts .  Limonium 

vu lgare (se a  lavender) and Tamarix a p h y lla  ( s a l t  cedar) are s a l t  

s e c r e t in g  p la n ts .  U ltr a s tr u c tu r a l work done on Limonium (Z ie g le r  and 

L uttge, 1966) and Tamarix (Thompson and L iu, 1967) has shown th a t th ere  

i s  an in crea sed  number o f  m itochondria  in  th e  s a l t  s e c r e t in g  c e l l s .

The reason fo r  t h i s  in c r e a se  in  m itochondria i s  probably t o  providt? 

energy to  op erate an ion  pump fo r  a c t iv e  export o f  s a l t  io n s (L u ttg e ,  

1971). A bsorptive c e l l s  in  th e  protoxylem  o f  Pinus have a ls o  been
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found to  have in c rea se d  numbers o f  m itochondria  (Wooding, 1969). Mito

chondria were found in  a s s o c ia t io n  w ith  the plasmalemma and th e  two 

were thought to  have a fu n c tio n a l r e la t io n s h ip  a id in g  in  s a l t  absorp

t io n  from the xylem tr a n sp ir a tio n a l stream .

Dense Cytoplasm

Limonium v u lg a re  (sea  lavender) p la n ts  are reported  to  have 

glands w ith  dense cytoplasm  (Z ieg ler  and L u ttg e , 1 966), as do the s a l t  

glands o f  Tamarix a p h y lla  (Thompson and Liu, 1967; Shimony and Fahn,

1969) and the se c r e to r y  c e l l s  o f  l i l y  p i s t i l s  (Dashek, Rosen, and 

Thomas, 1971). The o i l  producing h a ir s  o f  Mentha p ip e r i ta  have been 

found to  have a dense cytoplasm  which r e tr a c ts  ir r e g u la r ly  from the  

c e l l  w a ll lea v in g  what has been termed th e  e x tra p la sm a tic  space 

(Amelunxen, 1964) . Amelunxen (1965) found th a t in  se c r e to r y  glands 

th e  cytoplasm  and cytomembranes degenerate e n t ir e ly  upon ageing o f  the 

gland lea v in g  i t  f i l l e d  w ith a large  v a cu o le . These glands have 

sen esced  and are n o n - liv in g ,  A s im ila r  phenomenon occurs in  the  

m ucilage-producing  c e l l s  o f  the seed  coat o f  P lantago ovata  (Hyde,

1 970), These c e l l s  have dense p r o to p la s t s ,  but upon o n se t o f  m ucilage  

p rod uction  the p r o to p la s t  sep arates from th e  c e l l  w a l l ,  the vacu oles  

fu s e  forming an e x tra -p la sm a tic  space and s ta rch  dis.appears,

Dictyosom es

The G olgi apparatus i s  known to  be composed o f  in t e r -a s s o c ia te d  

d ictyosom es, i . e . ,  s ta c k s  o f  c is t e m a e  a s s o c ia te d  w ith  p erip hera l 

v e s i c l e s ,  s c a t te r e d  throughout th e  cytoplasm  (M ollenhaur and Moore, 

1 966). In many c e l l s  having a sec re to ry  fu n ctio n  th e  number o f
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dictyosom es has been known to  be q u ite  la r g e . Work w ith ra t p it u i ta r y  

a c id o p h ils  and mouse a c in a r  c e l l s  (Farquhar and W ellin g s, 1957) has 

shown th a t the number o f  dictyosom es has in crea sed  and i t  i s  f e l t  th a t  

dictyosom es do indeed fu n ctio n  in  th e  sec re to ry  p rocess as in d ic a te d  

in  a q u o ta tio n  by th e  authors:

"We b e lie v e  th a t th e  G olgi apparatus could be 
in te r p r e te d  as fu n c tio n in g  in  th e  b u ild in g  up o f  
se c r e to r y  products from sm a lle r  p a r t ic le s  which may be 
manufactured and tra n sp o rted  by o th er  cytoplasm ic  
c o n s t itu e n ts  such as the endoplasm ic reticu lum  to g e th er  
w ith  the r ib o n u cleo p ro te in  p a r t ic l e s ."

Using th e ou ter  ro o t cap c e l l s  o f  maize fo r  study o f  th e  fu n c t io n 

in g  G olgi apparatus, M ollenhaur and Whaley (1963) found th at th e

in d iv id u a l dictyosom e had a form ing fa ce  and a maturing fa c e . The 

maturing fa ce  was the area th a t produced th e v e s ic le s  th a t became 

sep arated  and moved through the cytoplasm  p a ss in g  th e ir  con ten ts  

through th e  plasmalemma by fu s io n  w ith  th at membrane. With th e  use o f  

th iocarbohydrazide-osm ium  vapor, Hyde (1970) obtained  h is to ch em ica l 

ev id en ce  from th e  G olgi apparatus o f  P lantago ovata  seed  coat c e l l s  

in d ic a t in g  the p resence o f  p o ly sa cch a r id e  w ith in  the v e s i c l e s .  This 

p o ly sa cch a r id e  (m ucilage) was exp orted  from the c e l l  v ia  th e  tr a n sp o r t

ing  G olgi v e s i c l e s .

N orthcote (1971) d escr ib ed  th e  G olgi apparatus as a p art o f  a

membrane system  in v o lv ed  w ith in t e r -  and in t r a - c e l lu la r  tra n sp o rt o f

su b stan ces produced in  c e l l s .  I t  should  be n oted , however, th a t th is  

sta tem en t i s  g en er a lly  true on ly  w ith  regard to  carbohydrate and p ro

t e in  tr a n sp o r t. C e lls  in vo lved  in  s a l t  export and e th erea l o i l  

s e c r e t io n  have not been found t o  have a g re a tly  in creased  number o f  

dictyosom es (Shimony and Fahn, 1969; Thompson and Liu, 1967; Amelunxen, 

1965). However, g lan d u lar h a ir s  o f  peppermint do have an in c rea se d
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number o f  d ictyosom es, although th ey  are not con sidered  to  be d ir e c t ly  

in v o lv ed  in  s e c r e t io n  o f  the e s s e n t ia l  o i l  (Amelunxen, 196S ).

N u c le i, Ribosomes and th e  Endoplasmic Reticulum

N uclei in  sec re to ry  c e l l s  are g en er a lly  considered  to  be larger  

than n u c le i o f  n o n -secreto ry  c e l l s  based on th e ir  t o t a l  volume to  th a t  

o f  th e  c e l l  (L u ttg e , 1971). This has been shown to  be tru e in  th e  s a l t  

glands o f  Limonium vu lgare (Z ie g le r  and L uttge, 1966) and in  th e seed  

coat o f  P lantago a f t e r  p o ll in a t io n  (Hyde, 1970). A sso cia ted  w ith  the  

n u c lea r  membranes i s  the endoplasm ic reticu lu m  which i s  thought to  

o r ig in a te  from the n u c lea r  membrane and which i s  d is tr ib u te d  throughout 

the cytoplasm  a c t in g  as a transp ort system  from the n u cleu s through i t s  

c is te m a e  to  th e  cytoplasm  and a ls o  fu n ctio n in g  in  sy n th e s is  o f  assim 

i l a t e s  (Frey-W yss!ing arid M uhlethaler, 1965; Watson, 1955; P alade,

1955) .

Ribosomes, i . e . ,  subm icroscopic p a r t ic le s  c o n s is t in g  o f  p ro te in  

and r ib o n u c le ic  acid  and aid ing  in p ro te in  sy n th e s is  and c a t a ly s is  o f  

s y n th e s is  o f  p o ly p ep tid es  from amino a c id s , are a ls o  found to  in crea se  

in  gland c e l l s  and are a sso c ia te d  w ith  the endoplasm ic reticu lu m . The 

endoplasm ic re ticu lu m , when a s so c ia te d  w ith  ribosom es, i s  r e ferred  to  

as th e  rough endoplasm ic reticu lu m . Amelunxen (1964; 1965) has found 

th a t in  both the se c r e to r y  gland and g land u lar h a ir  o f  Mentha p ip e r ita  

(peppermint) th e endoplasm ic reticu lum  and ribosomes are o f  an in c r e a s 

ed d e n s ity . Ribosomes and polysome numbers have a ls o  been shown to  

in crea se  in  the s a l t  glands o f  Tamarix a p h y lla  (Shimony and Fahn, 1969).
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C ell Wall and Plasma Membrane

The c e l l  w all o f  many typ es o f  sec re to ry  c e l l s  appears to  be 

s p e c ia l iz e d  because o f  ingrowths o f  th e w a ll in to  th e  cytoplasm . This 

arrangement o f  the w a ll causes th ese  c e l l s  to  have p r o to p la s ts  w ith  an 

u nu su ally  high su rface-to -vo lu m e r a t io .  C e lls  having th is  type o f  w all 

adaptation  have been termed " tra n sfer  c e l l s "  (Gunning and P ate , 1969a). 

This type o f  w a ll has been found in  many c e l l s  in v o lv in g  c e l l  to  c e l l  

sh o rt d ista n ce  tra n sp o rt. P e r ic y c le  c e l l s  o f  th e  legume nodule have 

been found to  have f i l i fo r m  branches protuberances from th e w all and 

are thought to  be in v o lv ed  in  th e sy m p la stic  la t e r a l  tr a n s fe r  o f  

a s s im ila te s ,  from s ie v e  elem ents through th e  p e r ic y c le ,  endoderm is, and 

co r tex  to  b a ctera l t i s s u e .  The apoplast w ith in  the endodermis has been 

found to  c o n s is t  la r g e ly  o f  th e  p e r ic y c le  la b y r in th en e  w all and th e  

xylem (P ate , Gunning, and B r ia r ty , 1969).

Wooding and N orthcote (1965) have found th is  form o f  secondary 

w a ll th ick en in g  in  c e l l s  adjacent to  the innerm ost xylem tr a ch e id s  o f  

the stem . They h ypothesized  th a t th e "knobbly" growth would act l ik e  

a sponge. They f e l t  i t  p o s s ib ly  a cted  as a d ev ice to  in c rea se  th e  

su r fa c e  area o f  the plasmalemma, thus a llow in g  g rea ter  opportunity  for  

s e l e c t i v e  absorption . Wooding (1969) in working w ith Pinus p ic e a  

protoxylem  found w all ingrow ths w ith  numerous m itochondria c lo s e ly  

a s s o c ia te d  w ith the plasmalemma. He f e l t  th a t there was a fu n ctio n a l 

r e la t io n s h ip  between th e a s s o c ia t io n  and s a l t  absorption  from the xylem 

tr a n s p ir a t io n a l stream , w ith  th e  m itochondria su pp ly ing  th e  energy r e 

q u ired  fo r  th e  s a l t  tra n sp o rt. The s a l t  glands o f Limonium vu lgare  

(se a  lavender) a lso  have w a ll ingrow ths and m itochondria a s so c ia te d  

w ith  the plasmalemma (Z ie g le r  and L uttge, 1966) as do the s a l t  glands
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o f  Tamarix (Thompson and L iu, 1967; Shimony and Fahn, 1969).

One o f  th e  most s tr ik in g  fe a tu r e s  o f  th e  s e c r e to r y  canal c e l l s  o f  

l i l y  p i s t i l s  i s  th e e la b o ra te  w a ll .  Wall ingrow ths are found on th e  

s id e  o f  th e  w a ll fa c in g  th e  ca n a l, in  th e  s e c r e t io n  zone (Rosen and 

Thomas, 1970; Dashek, Thomas, and Rosen, 1 971). S im ila r  e la b o ra te  w a ll 

scu lp tu r in g  has been found in  lower p la n ts .  In mosses th e se  w a ll typ es  

have been found where the h a u s to r ia l fo o t  o f  th e  sporophyte i s  embedded 

in  the gametophyte. This i s  an area o f  in t e n s iv e  transmembrane f lu x  o f  

s o lu te s  and th e  w a ll e la b o ra tio n s  are thought to  aid  in  th e  s o lu te  

tran sp ort (Gunning and P a te , 1969b). These w a ll ingrowths a lso  occur  

at sporophytegam etophyte ju n ctio n s  in  fe r n s , b e in g  most abundant on th e  

donor s id e ,  i . e . ,  th e  sporophyte s id e ,  in  Adiantum, or on the gameto

phyte s id e  in  Polypodium (Gunning and P a te , 1969b). I t  i s  f e l t  th a t  

th e r e s u lt in g  enlargem ent in  area o f  th e  plasm a membrane o f  th e donor 

c e l l s  f a c i l i t a t e s  movement o f  s o lu te s  in to  th e  a p o p la s tic  compartment, 

i . e . ,  th e  n o n - liv in g  areas o u ts id e  th e  l iv in g  p a rts  o f  th e c e l l s ,  

between th e  g en era tio n s (Gunning and P a te , 1969b ). Receptor c e l l s  are 

correspondingly  s p e c ia l iz e d  fo r  tra n sp o rt o f  s o lu te s  in  towards th e  

sym p last, i . e . ,  th e a c t iv e ly  m eta b o liz in g  p a r ts  o f  p la n t c e l l s .  Trans

f e r  c e l l s  are common in  both lower and h ig h er  p la n ts ,  seem ingly  

reg a rd le ss  o f  th e r e v ersa l o f  r e la t iv e  dominance between l i f e  cy c le  

g en era tio n s . For t h is  reason i t  has been proposed th a t th e  p r e c ip i t a t 

in g  fa c to r  i s  a s o lu te  f lu x , r e g a rd le ss  o f  i t s  d ir e c t io n  and th a t th e  

w a ll e la b o ra tio n  i s  an ad aptation  fo r  t h is  typ e o f  tra n sp o rt (Gunning 

and P a te , 1969b). S ince th e  protuberances are always coated  w ith  th e  

plasmalemma, i t  could be concluded th a t  th e plasmalemma ra th er than th e  

w a ll i s  th e fu n ctio n a l s tr u c tu r e  in  re sp e c t to  in te n s iv e  sh ort d is ta n c e
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transport (L u ttge , 1971).

Plasmodesmata

Plasmodesmata are stran d s o f  cytoplasm  p a ss in g  through a pore in  

th e  c e l l  w a ll jo in in g  th e  p r o to p la s ts  o f  two ad jacent c e l l s  (Esau, 

1960). They have been found in  many se c r e to r y -tr a n sp o r t  system s, a l 

though t h e ir  u ltr a s tr u c tu r e  may vary in  d if fe r e n t  kinds o f  p la n ts  such  

as algae (F raser and Gunning, 1969) or h ig h er  p la n ts  (Robards, 1968; 

Lopez-Saez, Gimenez-Martin, and R isueno, 1966). Plasmodesmata have 

been found in  th e s e c r e to r y  c e l l s  o f  l i l y  p i s t i l s  (Dashek, Thomas, and 

Rosen, 1971), the s a l t  glands o f  Tamarix (Thompson and L iu , 1967; 

Shimony and Fahn, 1969) and in  th e s a l t  glands o f  Limonium (Z ie g le r  and 

L uttge, 1966) and many o th er s . Plasmodesmata are g e n e r a lly  regarded as 

having th e  fu n ctio n  o f  in t e r c e l lu la r  sh ort d is ta n c e  tra n sp o rt.
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CHAPTER I I I

METHODS AND MATERIALS 

Source o f  T issu e

Nepeta c a ta r ia  (ca tn ip ) seed s were acquired  from the Oklahoma 

S ta te  U n iv ers ity  Department o f  B ioch em istry . These seed s had been 

h arvested  from f i e l d  grown p la n ts  used in  gas chromatograph experim ents 

which showed c i s - t r a n s ,  t r a n s - c is  isom ers o f  n ep eta la c to n e . Seeds from 

p la n ts  th a t on ly  had th e  c is - t r a n s  isom er were used in  a comparison o f  

th e sec re to ry  s tr u c tu r e s  found on the two p la n t ty p e s . Seeds were 

germinated on damp f i l t e r  paper in  p e tr i  d ish es  and kept in  a co n tr o l

led  environment chamber (Sherer G i l l e t t  -  Model CEL 3 7 -1 4 ) . The age o f  

the see d lin g s  was measured from th e  tim e th e  emerged r a d ic le  reached a 

one m illim ete r  len g th . C ontinuously propagated  p la n ts  from the green

house were a ls o  examined.

Treatment o f  T issu e  fo r  L ight Microscopy

P la n ts  were h a rv ested  fo r  study a t  d if f e r e n t  s p e c i f i c  sta g es o f  

developm ent. I t  i s  known th a t th e  ca tn ip  p la n t b eg in s production o f  

the o i l  n ep eta la c to n e  when i t  i s  13 days o ld  (M itc h e ll,  1972). Keeping 

t h i s  in  mind, p la n ts  younger than 13 days o f  age and p la n ts  o ld er than  

13 days o f  age were u sed . A lso used in  th e  study were mature flo w er

in g  p la n ts . Of th e se  p la n ts ,  th e  stem a p ic a l reg io n , le a v e s , c o ty le 

dons, and flow ers were s tu d ie d  h i s t o lo g i c a l l y  and h is to c h e m ic a lly .

14
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A ll h is t o lo g ic a l  work employed standard tech n iq u es. P lan ts were 

k i l l e d  and f ix e d  in  Craf I I I  (S a ss , 1958), a m ixture o f  chromic a c id ,  

a c e t ic  a c id , formaldehyde and w ater. Then th e  t i s s u e s  were washed in  

sev e ra l changes o f  w ater and dehydrated w ith  in c r e a s in g  con cen tra tion s  

o f t e r t ia r y  b u ty l a lco h o l (Johansen, 1940). During th e  la s t  s te p  in  

th e  dehydration s e r ie s  the t i s s u e  was a sp ir a te d  in  a vacuum oven 

(P rec is io n  S c i e n t i f i c  -  T helco) fo r  a p er io d  o f  not l e s s  than one hour 

or not more than 24 hours.

I n f i l t r a t io n  o f  th e  t i s s u e  w ith  P a ra p la st t i s s u e  embedding medium 

was accom plished by d is s o lv in g  th e  P arap last in  pure t e r t ia r y  b u ty l 

a lcoh ol which i s  a s o lv e n t  o f  wax and grad u a lly  in c r e a s in g  the con centra

t io n  o f  the P arap last w h ile  d ecreasin g  the con cen tra tion  o f  th e so lv en t  

by evaporation  or d ecan ta tion  (Johansen, 1940). I n f i l t r a t e d  t i s s u e  

was embedded by pouring m elted P arap last (55 C) in to  p la s t i c  b o a ts , 

o r ie n tin g  the t i s s u e  as d es ired , and then l e t t in g  i t  stan d  at room 

tem perature u n t i l  i t  was hardened. The p a r a ff in  b lo ck s were then r e 

moved from the b o a ts , trimmed to  the d es ired  s i z e ,  mounted upon wooden 

b lo c k s , and se c tio n e d  10 micrometers th ick  on a rotary  microtome 

(American O p tica l - Spencer 8 20). S ec tio n s  were mounted on g la s s  s l id e s  

w ith  Haupt's adhesive (Johansen, 1940) and allow ed t o  s e t  by p la c in g  

the s l id e s  on a s l i d e  warmer (American O p tica l) s e t  at 40 C fo r  a 

p erio d  o f  not le s s  than 24 hours. The s l id e s  were then s ta in e d  using  

th e  quadruple s ta in  s e r ie s  o f  Johansen (1 9 4 0 ), mounted in  H isto c la d  

and examined w ith  an American O p tica l S e r ie s  10 M icrostar m icroscope 

w ith  an o r th o - illu m in a to r .

H istochem ical p rep aration s were v a r io u s ly  tr e a te d  according to  

th e nature o f  th e  procedure. Reagents s p e c i f i c  fo r  p e c t in  required  no
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d if f e r e n t  procedure than th e  h i s t o lo g ic  p rep aration . The two p ec tin  

s ta in s  used were ruthenium red (J en sen , 1962) and hydroxylam ine f e r r ic  

ch lo r id e  (Reeve, 1959). The Sudan I I I  s ta in  (Jensen , 1962; H om er and 

A m o tt, 1966) s p e c i f i c  fo r  l ip id s  requ ired  fresh  n o n -fix ed  t i s s u e .

S ta in s  s p e c i f i c  fo r  lo c a l iz a t io n  o f  carbohydrates and p ro te in  

n e c e s s ita te d  th e  use o f  co ld  b u ffered  n eu tra l form alin  (McMannis and 

Mowry, 1960) as a f i x a t iv e .  This was prepared from commercial form alin , 

d i s t i l l e d  w ater, sodium a c id  phosphate monohydrate (N a^ P O ^.^O ), and 

disodium phosphate ( Na^HPO^.7 ^ 0 )  . M aterial was f ix e d  and s to r e d  o ver

n ig h t in  th e  form alin  f ix a t iv e  s o lu t io n .  The h isto ch em ica l t e s t  used  

w ith  carbohydrates was th e  p e r io d ic  a c id -S c h if f  (PAS) re a c tio n  (Jensen , 

1962). In th is  rea c tio n  p e r io d ic  a c id  o x id iz e s  1, 2 g ly c o l groups in  

carbohydrates, to  produce aldehydes th a t are co lo red  by th e  S c h if f ' s  

reagen t. Blockade o f  hydroxyl groups by a c e ty la t io n  w ith  a c e t ic  

anhydride in  p y r id in e  (Jen sen , 1962) was used as a co n tr o l. I f  a 

n eg a tiv e  r e a c tio n  was ob ta ined  from blockaded t i s s u e s  and a p o s it iv e  

rea c tio n  was g iven  by t i s s u e s  not exposed to  b lockad e, i t  was assumed 

th a t th e  t i s s u e  contained  hydroxyl and/or amino groups, s in c e  p e r io d ic  

acid  can a ls o  o x id iz e  amino groups in  amino compounds. This procedure  

and a l l  o th er  h isto ch em ica l t e s t s  were used on p la n ts  younger than 13 

days o f  age and p la n ts  o ld e r  than 13 days o f  age.

P ro te in  lo c a l iz a t io n  procedures were th o se  which v i s u a l iz e  t o t a l  

c e l l  p r o te in s . The n in h y d r in a llo x a n -S c h iff 's  rea ctio n  was employed 

fo r  t h i s  purpose (Jensen, 1962). This re a c tio n  in v o lv e s  the form ation  

o f  an aldehyde by n inhydrin  (1 , 2 , 3 -  Triketohydrindene) or a lloxan  

which i s  co lo red  by the S c h if f ' s  reagen t. Alpha-amino and alpha- 

carboxyl groups are n ecessary  fo r  a p o s it iv e  t e s t .  C ontrols in  which
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t i s s u e  had been trea ted  w ith  deam ination and a c e ty la t io n  reagen ts were 

n ecessa ry  t o  show that th e  co lo r  in  t e s t  s e c t io n s  was th e  r e s u lt  o f  

th e  s ta in in g  o f  aldehydes produced from alpha-am ino and a lph a-carb oxyl 

amino acid s and to  e lim in a te  the p o s s i b i l i t y  th a t  th e  aldehydes were 

formed from saccharid es by n inhydrin  (Jen sen , 1962).

L ight m icroscope exam ination o f  t i s s u e  was a ls o  made o f  A r a ld ite  

r e s in  embedded t i s s u e .  The purpose o f  th is  was tw o -fo ld . F ir s t ,  l ig h t  

m icroscop ic  exam ination o f  t i s s u e  s e c t io n e d  on th e  ultram icrotom e a llo w 

ed exam ination o f  th e  t i s s u e  s e c t io n  fo r  th e  p resen ce  o f  th e g lan d u lar  

h a ir  o r  g land . Only se c tio n s  through th e  g land or g lan d u lar h a ir  could  

be used  in  e le c tr o n  m icroscopy. Second , th e  Araldite-em bedded t i s s u e  

was used fo r  a p e r io d ic  a c id -S c h if f  s t a in  (D iB e lla  and Hashimoto, 1966), 

thus a llo w in g  fo r  a more p r e c ise  lo c a l iz a t io n  o f  carbohydrate in  th e  

" th ic k ,"  i . e . ,  about 1 m icrom eter, t i s s u e  s e c t io n s .

The s e c t io n s  used fo r  o r ie n ta t io n  o f  th e  t i s s u e  were s ta in e d  w ith  

b a s ic  fu ch s in  (Daws, 1971) to  in c r e a se  v i s i b i l i t y  o f  th e s e c t io n  in  the  

r e s in . The procedure d id  not req u ire  removal o f  the r e s in  embedding 

m a te r ia l. The PAS s ta in  (D iB ella  and H ashim oto, 1966) in corp orated  

th e  u se o f  0.5% p er io d ic  acid  and Coleman's Feulgen reagent (Coleman, 

1938) r e s u lt in g  in  a permanent s ta in .  The s e c t io n s  were mounted on 

g la s s  s l i d e s  w ith  40% aceton e, s ta in e d , and covered u sin g  g ly c e r in e  

j e l l y  as a mounting medium.

E lectron  Microprobe Examination o f T issu e

Leaf m a ter ia l from p la n ts  younger than 13 days o f  age and from 

p la n ts  o ld e r  than 13 days o f  age was examined w ith  an E lectron  M icro

probe X-Ray Analyzer-Scanning M icroscope (A pplied  Research L aboratories)
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loca ted  in  the research f a c i l i t i e s  o f  the Continental O il Company,

Ponca C ity , Oklahoma. The purpose o f  th e exam ination was tw o -fo ld :  

f i r s t ,  to  determ ine th e  d is t r ib u t io n  o f  the glands and g lan d u lar h a ir s ;  

and second , to  allow  high r e s o lu t io n  o f  the s e c r e to r y  capitu lum  in  order  

to  ob ta in  ev id en ce o f  any ex tern a l m a n ife sta tio n  o f pores or p o r e - lik e  

s tr u c tu r e s . Such s tr u c tu r e s  have been reported  in  Mentha p ip e r i t a , 

L abiatae, based on ev id en ce from th in  s e c t io n  e le c tr o n  m icroscopy  

(Amelunxen, 1965).

W hile much work done w ith  th e scanning ty p e  o f  e le c tr o n  m icro

scopy in v o lv e s  th e u se  o f  fixed* g o ld  coated  t i s s u e ,  i t  has been r e p o r t

ed th a t  some typ es o f  u n fix ed  t i s s u e ,  i . e . ,  sh o o t ap ices and d evelop in g  

le a v e s ,  w i l l  w ith stan d  th e  vacuum and e le c tr o n  bombardment in v o lv ed  in  

procedures used w ith  th e se  instrum ents fo r  sh ort periods o f  tim e , e . g . ,  

15 to  20 m inutes, w ith ou t showing e x te n s iv e  c o lla p se  o f  th e  t i s s u e  

(F a lk , G ifford , and C u tter , 1971). T h erefore, two typ es o f  procedures 

were t r ie d  and th e p la n t m ateria l was tr e a te d  in  two ways. Leaves 

were removed from th e  p la n ts  and e i t h e r  examined a fte r  a treatm ent o f  

gold  evap oration  o ver th e l e a f  su r fa ce  or the lea v e s  were examined un

tr e a te d . The m a ter ia l having the g o ld  coatin g  showed e x c e l le n t  d e ta i l  

o f  th e  epiderm al su r fa c e  and gland capitulum  at h igh  m a g n ifica tio n ,  

but caused th e  s t e r i l e  trichom es on th e  le a f  su r fa ce  to  c o lla p s e .  The 

g o ld  treatm ent d id  seem to  g r e a tly  in c r e a se  the r e s o lu t io n  o f  the  

ex tern a l s tr u c tu r e  o f  th e  g land u lar capitulum . The t i s s u e  l e f t  un

coated  gave a b e t t e r  p ic tu r e  o f  th e  g land  d is tr ib u t io n  and trichom e  

d e n s ity  on th e  l e a f  su r fa c e . A ll m a ter ia l was sprayed w ith  an a n t i 

s t a t i c  compound designed  to  in h ib it  e l e c t r i c a l  charging o f  the t i s s u e .  

Photographs were taken u sin g  a P o la ro id  camera f i t t e d  to  th e
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m icroscop ic  apparatus.

Treatment o f  T issu e  fo r  T ransm ission  

E lectro n  M icroscopic Examination

To ach ieve th in  s e c t io n s  n ecessa ry  fo r  t h is  type o f work, i . e . ,  

40-70 nanometers (nm), m a ter ia l must be embedded in  a hard su p p ortive  

m a ter ia l. A r a ld lte  502 (Ladd, I n c .)  r e s in  was used as the embedding 

medium. The com plete r e s in  c o n s is te d  o f a m ixture o f  A ra ld lte  502 ,

DOSA (dodecenyl s u c c in ic  a n h y d rid e), and DMP-30 (d im ethyl amino m ethyl 

p h en o l). A sto c k  r e s in  m ixture o f A r a ld lte  and DDSA was made by u sin g  

100 grams o f the A r a ld lte  r e s in  and 78 grams o f the DDSA mixed to g e th er  

and s to red  in  a r e fr ig e r a to r .  A Freon p rod u ct, B la st-O ff  (Ladd, I n c . ) ,  

was used to  ex c lu d e  a ir  from th e b o t t le  in  which the s to ck  r e s in  mix

tu re was s to r e d . The com plete r e s in  and 0 .1 6  ml of DMP-30 were added 

w ith  a 1 cc  tu b e r c u lin  sy r in g e  in  p rep a ra tio n  fo r  embedding. The mix

tu re was s t ir r e d  fo r  a t l e a s t  5 m inutes to  ensure hom ogeneity.

T issu es  analyzed were from lea v e s  of 10 and 25 day o ld  p la n ts .

The f ix a t iv e  used was 2% osmium te tr o x id e  (OsO^) b u ffered  to  a pH o f  

6 .8  (Daws, 1971) w ith  a 0 .0 2 8  M sodium a ce ta te -so d iu m  veron al b u ffe r  

(P alade, 195 2 ). Osmium te tr o x id e  i s  b e lie v e d  to  o x id iz e  double bonds 

o f  u nsaturated  f a t t y  a c id s  in  l i p i d  m olecu les r e s u lt in g  in  the forma

tio n  o f a b la ck  compound o f osmium showing the lo c a l iz e d  s i t e s  of 

l ip id s  having double bonds; i t  i s  thus a ls o  a good l i p i d  s ta in  (Jensen ,

1962). A l l  m a te r ia l was f ix e d  fo r  2-4  hours a t room tem perature, 

fo llo w in g  a 5 minute treatm ent a t 0 C in  an ic e  b ath .

A fter  f i x a t io n ,  th e m a ter ia l was dehydrated , in f i l t r a t e d  w ith  

r e s in  and cured. D ehydration was p refaced  w ith  s e v e r a l changes o f
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b u ffe r  r in s e . Follow ing the b u ffe r  r in s e  dehydration o f  th e  m a ter ia l  

was ach ieved  by p a ssin g  i t  through s u c c e ss iv e  baths o f a b so lu te  a lc o 

h o l beginning w ith  10% e th y l a lc o h o l and p ro g ressin g  in  co n cen tra tio n  

by 10% ste p s  to. a 100% co n cen tra tio n . The t i s s u e  was k ep t fo r  15 

m inutes in  each  b a th , w ith  a sp ir a t io n  during the 30, 40 and 50% b a th s .  

A fter  two baths o f 100% e th y l a lc o h o l th e  t i s s u e  was p assed  through 

in c rea s in g  co n cen tra tio n s of propylene ox id e in  ab so lu te  a lc o h o l u n t i l  

a 100% co n cen tra tio n  of propylene oxide was ach ieved . F ive baths were 

used w ith  the r a t io  o f propylene ox id e to  a b so lu te  a lco h o l p ro g ressin g  

from 1 :3 , 1 :1 , 3 :1 , and 100% (two baths) each la s t in g  30 m in utes. The 

t i s s u e  was then i n f i l t r a t e d .  The dehydration method proved u n s a t is 

fa c to r y . I t  c o n s is te d  o f p a ss in g  the t i s s u e  through two baths of 

a b so lu te  a lc o h o l ,  15 m inutes ea ch , and two baths o f  propylene o x id e , 

each fo r  15 m in utes.

I n f i l t r a t io n  o f the t i s s u e  began w ith  the a d d itio n  o f  2 ml. o f 

propylene ox id e and 2 ml. o f th e  com plete r e s in . Mixing was accom plish

ed by sw ir lin g  the two components and t i s s u e  to g e th er; th e  m a ter ia l was 

then allow ed to  stand fo r  1 hour a t  room tem perature. Two a d d it io n a l  

m i l l i l i t e r s  o f  com plete r e s in  were added, sw ir le d , and then allow ed t o  

sta n d  for 3-6 h o u rs, the longer p er io d  p erm ittin g  b e t te r  i n f i l t r a t i o n .  

The t i s s u e  was then removed from th e  r e s in ,  d ra ined , and p la ced  a t th e  

top o f r e s i n - f i l l e d  rubber m olds.

Curing o f  the r e s in  b lo ck s was done in  two ways. Some b locks  

were cured a t 60 C overn ight and o th ers  were cured by an overn igh t  

in cu b a tio n  at 35 C, fo llow ed  the n ext day w ith  incub ation  a t  60 C.

E ith e r  method i s  f e a s ib le .  The b lo ck s were n ext removed from the in 

cubator and a llow ed  to  c o l l  to  room tem perature.
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S ectio n in g  o f the b lock s was done u sin g  a Porter-Blum  MT-2 

ultram icrotom e (S o r v a ll ,  I n c . ) .  G lass k n iv es  used fo r  s e c t io n in g  were 

prepared by breaking g la s s  rods h  o f an inch  in  depth and 1 inch w id e. 

An LKB 7800 K nife Breaker was used to  break th e  g la s s  fo r  th e  k n iv e s .

A fter  th e  m a ter ia l was se c t io n e d , i t  was mounted on 400 mesh 

copper g r id s  and s ta in e d  using  a double s t a in  o f lea d  c i t r a te  (R eynolds,

1963) and u ranyl a c e ta te  (Daws, 1971). The g r id s  were f i r s t  s ta in e d  

w ith  uranyl a c e ta te  fo llo w ed  by lead  c i t r a t e .  In the uranyl a c e ta te  

s ta in in g  p rocedu re , th e g r id s  were f lo a te d  s e c t io n  s id e  down on the  

s u r fa c e  o f  th e s ta in  fo r  15 to 30 m inutes. They were then drained on 

f i l t e r  paper and r in sed  by repeated  d ip p ings in  s e v e r a l changes o f  

d i s t i l l e d  w a ter . The lea d  c i t r a t e  procedure a ls o  n e c e s s ita te d  f lo a t in g  

g r id s  on a drop o f  s o lu t io n  and a llow in g  them to  s ta in  fo r  20 m in utes. 

Washing o f  g r id s  was accom plished usin g  s e q u e n t ia l  j e t s  o f 0 .0 2  N 

sodium hydroxide a lte r n a te ly  w ith  j e t s  o f d i s t i l l e d  w ater . The g r id s  

were allow ed to  dry and examined on an RCA model e le c tr o n  m icroscope.

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



CHAPTER IV

RESULTS AND DISCUSSION

C atnip , i . e . ,  N epeta c a t a r ia . p la n ts  have long been noted  fo r  

th e ir  a b i l i t y  to  produce an a ttr a c ta n t  fo r  c a ts  w ith  th e dominant gene 

fo r  th e o lfa c to r y  respon se to  th e substance (Todd, 1 9 6 2 ). I t  has been  

shown th at th is  component o f  ca tn ip  i s  a m eth y l-cyclop en tan e monoter

penoid  c a lle d  n e p e ta la c to n e , and th a t i t  i s  produced in  sec re to ry  

s tr u c tu r e s  on th e le a v e s ,  stem s, and flow ers o f the p la n t (R egnier, 

W aller, E isenbraun, and Auda, 1968). Early in v e s t ig a t io n s  in d ic a te d  

th a t th e  sec re to ry  s tr u c tu r e s  were m u lt ic e l lu la r  and o f one ty p e , a 

g lan d , but w ith  in term ed ia te  developm ental s ta g e s  p e r s i s t e n t  (R egn ier, 

e t .  a l . ,  1968).

I d e n t i f ic a t io n  o f S ecretory  Trichomes by L ight M icroscopy

S ectio n s  taken from mature Nepeta c a ta r ia  p la n ts  con ta in ed  two 

typ es o f sec re to ry  tr ich om es. C r o ss -se c t io n s  o f  the l e a f  m a ter ia l 

rev ea led  a gland and a g land u lar h a ir  s im ila r  to  th o se  found in  pepper

m in t, i . e . ,  Mentha p ip e r i ta  (Howe, 1951; Amelunxen, 1964; 1965). In  

c r o s 3 -s e c t io n s  o f the le a v e s  the s i z e  and shape o f th e  two s tr u c tu r e s  

could be determ ined. The g land u lar h a ir  c o n s is te d  o f  a b a sa l c e l l ,  a 

s t a lk  c e l l ,  and a s e c r e to r y  capitulum  composed o f  two c e l l s  (F igure 1 ). 

The gland was a ls o  composed o f s in g le  b a sa l and s ta lk  c e l l s  and a 

capitulum  appearing to  c o n s is t  o f  two large c e l l s  (F igu re 2 ) .
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Glandular h a ir  in  cro ss  s e c t io n  showing b asa l 
c e l l  (b ) , s ta lk  c e l l  ( s ) ,  and th e  sec re to ry  
capitulum  composed o f  two c e l l s  ( s c ) .  Magni
f ic a t io n :  700X.

Gland in  cro ss  s e c t io n  showing b a sa l c e l l  (b ) , 
s ta lk  c e l l  ( s ) , and th e  se c r e to r y  capitulum  
( s c ) .  M a g n ifica tio n : 700X.

Glandular h a ir  in  paradermal s e c t io n  o f  th e  
flow er showing th e  two c e l l s  o f  th e  sec re to ry  
capitulum  (a rro w s). M agn ification : 700X.

Gland in  paradermal s e c t io n  o f  th e flo w er  show
in g  th e  number o f  c e l l s  o f  th e se c r e to r y  
capitulum  to  be fo u r . M agn ification : 700X.
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Paradermal s e c t io n s ,  i . e . ,  p a r a l le l  to  th e s u r fa c e , o f  flow er  organs 

rev ea led  th a t  w h ile  th e  g land u lar h a ir  capitulum  was com prised o f on ly  

two c e l l s  (F igure 3 ) ,  th e  capitulum  o f  th e  gland was comprised o f  four  

c e l l s  (F igure 4 ) .  T his in form ation  concurs w ith  th a t o f  M etca lf and 

Chalk (1957) . I t  i s  th er e fo r e  probable th a t the s tr u c tu r e  found and 

id e n t i f ie d  as an in term ed ia te  s ta g e  in gland form ation by R egnier, 

e t .  a l .  (1968) i s  th e  s ta lk ed  g la n d u la r  h a ir  and th a t i t  i s  a sep arate  

s tr u c tu r e  from th at o f  the gland. S ecreto ry  s tr u c tu r es  are s im ila r  to  

th o se  found on the peppermint p la n t ,  a ls o  o f  the L abiatae. The glandu

la r  h a ir  o f  peppermint has a s in g le - c e l l e d  capitulum  as compared to  th e  

tw o -c e lle d  capitu lum  found in  N ep eta ; th e  peppermint gland i s  comprised  

o f  e ig h t  capitulum  c e l l s ,  w h ile  N epeta has on ly  four c e l l s  in  the  

glan d u lar cap itu lum . Both types o f  Nepeta c a ta r ia  p la n ts ,  th e  common 

type s e c r e t in g  c is - t r a n s  and t r a n s - c i s  isom ers o f  n ep eta la cto n e  and th e  

second type s e c r e t in g  on ly  the c is - t r a n s  isom er, e x h ib ite d  th e  same 

typ es o f  sec r e to r y  s tr u c tu r e s .

E lectron  Microprobe Survey o f  S ecreto ry  Trichomes

When mature le a v e s  and flo w ers  o f  Nepeta c a ta r ia  p la n ts  were 

examined w ith  an E lectro n  Microprobe X-Ray A nalyzer-Scanning M icroscope, 

i t  was p o s s ib le  to  g e t th ree-d im en sion a l p ic tu r e s  o f  the g la n d s , g landu

la r  h a ir s ,  and s t e r i l e  h a ir s .  A comparison was then made o f  lea v es  

from p la n ts  younger than th ir te e n  days and approxim ately 10 days o ld ,  

and th e  d if fe r e n c e  in  s ta g e s  o f  development o f  th ese  s tr u c tu r e s  was 

n o ted . Using low m a g n ifica tio n , i . e . ,  100 t im e s , i t  was p o s s ib le  to  

id e n t i fy  glands and g landular h a ir s ,  as shown in  f ig u r e  5 , a view o f  

th e  ab axia l su rfa ce  o f  a le a f  from a mature p la n t . The glands are
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in d ic a te d  and are much la r g e r  than the in d ica ted  g land u lar h a ir s .

P o s i t iv e  id e n t i f i c a t io n  o f  th e  sm a ller  s tr u c tu r es  as s ta lk ed  g land u lar  

h a ir s  i s  rev ea led  by th e  p resen ce  o f  th e  s ta lk ,  shown in  f ig u r e  6 .

The occurance and appearance o f  th e  sec re to ry  s tr u c tu r e s  in  p re-  

se c r e to r y  p la n t s ,  i . e . ,  about 10 days o ld , i s  shown in  fig u re  7. Glands 

and g land u lar h a ir s  have th e  same appearance as th o se  from mature p la n ts .  

However, th e s t e r i l e  h a ir s  at 10 day are not f u l ly  elon gated  and are 

pegs s t ic k in g  up above th e  ep id erm is. The young p r e -se c r e to r y  p la n ts  

a ls o  show in  th e  g land u lar h a ir  th e  furrow sep aratin g  the two c e l l s  o f  

th e  s e c r e to r y  capitulum  (F igure 8 ) .  The reason th a t th is  can be seen  

in  younger p la n ts  and n ot in  mature p la n ts  i s  probably due to  lack  o f  

c u t ic u la r  sep a ra tio n  from th e  capitulum  c e l l s  due to  in crea sed  sec re to ry  

a c t iv i t y  in  th e  o ld e r  p la n ts .

Examination o f  th e  capitulum  o f  a gland from a mature p la n t  

in d ic a te d  th a t th ere were b od ies on th e ex tern a l su r fa c e  o f  th e  c u t ic u 

la r  b ladder (F igure 9 ) .  When m agnified  2 ,000  and 5 ,0 0 0  tim es, sm aller  

b od ies become apparent over th e  su r fa ce  o f  th e b lad d er, s tr u c tu r es  

o b v io u sly  d if fe r e n t  from th e  much la rg er  b odies seen  in  fig u re  9 

(F igures 10 and 1 1 ). The nature and fu n ctio n  o f  th e se  sm all b o d ies  i s  

u n c lea r . At f i r s t  i t  appeared th ey  marked th e locus o f  pores a id in g  

in  th e  r e le a se  or evaporation  o f  th e e s s e n t ia l  o i l  from th e b lad d er, as 

su ggested  in  a study o f  th e  g lan d u lar  s tru c tu res  o f  peppermint (Amelun- 

xen, 1965). However, th is  might n o t be th e case s in c e  s tu d ie s  done 

by th e  Oklahoma S ta te  U n iv ers ity  Department o f  B iochem istry have r e 

v ea led  th a t no n ep eta la c to n e  has been found v o la t i l i z e d  in  th e a ir  

surrounding th e  l e a f ,  which in d ic a te s  th a t o i l  lo s s  from the b ladder  

i s  by m echanical rupture o f  th e  b lad d er (M itch e ll, 1972).
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Figure 5 .

F igure 6 .

F igure 7.

F igure 8.

E lectron-m icroprobe view o f  th e  mature 
Nepeta l e a f  su rfa ce  showing s t e r i l e  
trichom es ( t ) , g lands ( g ) , and glandu
la r  h a ir s  ( h ) . M a g n ifica tio n : 100X.

E lectron-m icroprobe id e n t i f i c a t io n  o f  th e  
gland u lar h a ir . Note th e s ta lk  c e l l  
in d ica ted  by th e  arrow. M a n ig ifica tio n :  
200X.

E lectron-m icroprobe survey o f  a l e a f  from 
a 10-day o ld  Nepeta p la n t l e a f .  Note 
the appearance o f  th e  "stubby" s t e r i l e  
h a ir s  which are n ot f u l ly  e lo n g a ted  
(arrow). M agn ifica tion : i20uX.

E lectron-m icroprobe image o f  th e 10-day 
o ld  p la n ts .  Note the furrow (arrow) 
in d ic a t in g  the 2 - c e l le d  n atu re o f  the  
sec re to ry  capitulum  o f  th e  g lan d u lar  
h a ir . M agn ification : 500X.
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Another p ie ce  o f  evidence supporting the theory that th ese  are 

not pores, at le a s t  not fu n ction a l p ores, i s  the fa c t  that in  Mentha 

(peppermint) the glands r e ta in  fu l l  cu tic u la r  bladders even when the

lea v es were dry and y e llo w ed . The b lad d er was not a f fe c te d  by dehydra

t io n  o f  the le a f  or by death o f  the l e a f  (Howe, 1 9 5 1 ). There was no 

apparent lo s s  o f  o i l  by eva p o ra tio n . I t  i s  p o s s ib le  that i f  th e  

s tr u c tu r es  are p ores th ey  may be p lugged  in t e r n a l ly  w ith  p e c t in  p lu g s ,  

as was su ggested  by Amelunxen (1965) w ith  regard to  s im ila r  s tr u c tu r e s  

in  pepperm int. U ltr a s tr u c tu r a l exam ination o f  th e sec re to ry  capitulum  

should rev ea l th e  p resen ce or absence o f  in te r n a l pores or p lu g g in g  o f  

p o res .

I t  i s  p o s s ib le  th a t th e sm all b o d ies  observed in  f ig u r e s  10 and 

11 are due to  uneven c u t ic u la r iz a t io n  or are c r y s ta ls  o f  some o th er  sub

stan ce  p resen t in  th e  b ladder th a t had escaped  and c r y s ta l iz e d  on th e  

gland su r fa c e . T h is i s  u n l ik e ly ,  however, s in c e  c r y s ta ls  would be 

la rg er  than the b o d ies  in d ic a te d . These s tr u c tu r e s  were not found on 

glands o f  p r e -se c r e to r y  p la n t s ,  as in d ic a te d  in  f ig u r e  12.

The study o f  th e  flo w er was done in  two p a r ts ,  th e  f i r s t  p a rt  

co n sid er in g  the s e p a ls  and th e  second co n sid e r in g  th e c o r o lla  tu b e .

Gas chromatograph in form ation  in d ic a te s  th a t  the flo w er produces th e  

la r g e s t  q u an tity  o f  o i l  o f  any o f  th e p la n t p a r ts .  The microprobe 

exam ination revea led  th a t th e  flow er p a r ts  re sp o n s ib le  fo r  th e  major 

p art o f  th e o i l  accum ulation were th e  s e p a ls .  The sep a ls  had a much 

g re a ter  con cen tra tion  o f  g land s and g lan d u lar  h a ir s  than d id th e  

c o r o lla  tu b e. F igure 13 in d ic a te s  th e abundance o f  th e  s e c r e to r y  

s tr u c tu r e s . The c o r o lla  tube had fewer se c r e to r y  s tr u c tu r es  fo r  two 

reason s. F ir s t ,  th e  a b a x ia l su r fa ce  o f  the c o r o lla  epiderm is was

R e p ro d u c e d  with p e rm iss ion  of th e  copyright ow ner.  F u r th e r  rep roduction  prohibited w ithout perm iss ion .



Figure 9.

Figure 10.

Figure 11.

Figure 12.

E lectron-m icroprobe stu d y  o f  a g land . Note 
th e  s c a le y  su rface  o f  th e  gland. Magni
f i c a t io n :  500X.

In creased  r e so lu tio n  o f  th e  gland capitulum ; 
arrows in d ic a te  sm all b o d ie s , p o s s ib ly  
p o r e s . M agn ification : 2000X.

G reater r e s o lu t io n  o f  th e  electron -m icrop rob e  
image o f  th e  p o r e - lik e  s tr u c tu r e s  o f  the  
g la n d . M agn ification : 5000X.

Gland from a 10-day o ld  p la n t . Note the  
lack  o f  su r fa ce  s tr u c tu r e s . M agn ifica tion :  
1000X.
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t o t a l l y  devoid o f  trichom es o f  any k in d , as i s  shown in  f ig u r e  14. A ll 

o f th e  s t e r i l e  h a ir s  and sec r e to r y  s tr u c tu r es  found on th e c o r o l la  were 

on th e  adaxial or in s id e  su r fa ce  o f  th e  c o r o lla  tu b e. S econ d ly , though 

th ere  were se c r e to r y  s tr u c tu r e s  p rese n t on th e  ad ax ia l su r fa c e , they  

seemed to  be p rese n t in  reduced numbers (F igure 15 ).

With regard to  the d is t r ib u t io n a l  p a ttern s o f  the glands and 

g land u lar h a ir s  on th e  l e a f  s u r fa c e , noth ing  was found to  in d ic a te  that 

th e glands or g lan d u lar h a ir s  were con centrated  in  any p a r t ic u la r  area. 

They are found on both th e  l e a f  lam ina and m idrib w ith  no apparent con

cen tra tio n  per u n it  area on e i th e r  midrib or lamina (Figure 5 ) .  On 

th e o th er  hand, th e  r a t io  o f  glands to  g land u lar h a ir s  was found to  

vary according to  th e season  o f  th e  y ea r . Greenhouse grown p la n ts  

c o l le c te d  and s tu d ie d  during th e la t e  sp rin g  and e a r ly  summer (May - 

June) have a tendency to  have more glands than p la n ts  grown and s tu d ied  

in  th e  w in ter  months (December, Jan u ary). However, p la n ts  grown in  th e  

w in ter  months e x h ib ite d  many more g land u lar h a ir s  than g la n d s, as seen  

in  f ig u r e  5 . The reason fo r  t h is  phenomenon i s  unknown. S in ce  i t  i s  

known th a t the la r g e s t  q u a n tity  o f  o i l  i s  produced by th e p la n t at the 

on set o f  a n th e s is , i . e . ,  la te  sp rin g  and summer, (R egnier, e t .  a l . ,  

1968); and a t th e  tim e o f  in crea sed  numbers o f  th e la rg er  g la n d s, i t  

i s  proposed th a t th e  morphogenic co n tro l o f  th e  p la n t i s  a lte r e d  a t  

c e r ta in  tim es during th e  year  and th a t the in d u ctio n  o f  th e  change 

toward gland and o i l  production  and a n th es is  i s  a l ig h t  or l i g h t -  

tem perature resp on se. The p h o to p er io d ic  b eh avior o f  Nepeta has not 

been s tu d ie d , but A llard  (1941) found that many m ints e x h ib ite d  photo- 

p e r io d ic  behavior w ith  regard to  flow erin g  and long days. T his being  

th e c a s e , i t  i s  p o s s ib le  th a t th ere  i s  a c o r r e la t io n  between flo w er
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in d u c tio n , o i l  p roduction  and the lon g  day len g th  o f  la t e  sp rin g  when 

N epeta i s  known to  e x h ib it  th ese  phenomena.

Leaves examined from v e g e ta t iv e  p la n ts  in d ic a te d  th a t both glands 

and se c r e to r y  h a ir s  were apparently  fu n c t io n a l,  which i s  supported  by 

th e  d isten d ed  c u t ic u la r  b lad d er and d en sly  s t a in in g  cytoplasm . I t  can 

be assumed th a t th e s ta lk e d  g lan d u lar  h a ir s ,  l ik e  th ose o f  f ig u r e  6, 

are indeed  sep a ra te  s tr u c tu r e s  from th e  glands and n ot in term ed ia te  

s ta g e s  in  th e  development o f  the g land  as rep orted  by R egnier, e t .  a l .  

(1 9 6 8 ).

Developm ental Sequence o f  Trichome Development

Mature trichom es are found on stem s, le a v e s  and flow ers o f  th e  

p la n t .  The a p ic a l meristem was th e  area examined fo r  th e  developm ental 

study o f  the se c r e to r y  trichom es. When s e c t io n e d , glands and g land u lar  

h a ir s  were found in  variou s s ta g e s  o f  development on the newly forming 

f i r s t  lea v es  and stem  o f  th e  p la n t .

The development o f  th e  gland and g land u lar h a ir  appears to  be 

id e n t ic a l  u n t i l  th e  tim e th a t the d evelop in g  g land  undergoes one 

a d d it io n a l d iv is io n  not found in  th e  g land u lar h a ir .  This r e s u l t s  in  

th e  fo u r -c e l le d  sec re to ry  capitu lum . Both gland and g land u lar h a ir  

a r is e  from a s in g le  epiderm al i n i t i a l ,  as seen  in  fig u r e  16. The 

epiderm al c e l l  has en larged  and p rotru d es above th e  rem aining epidermal 

c e l l s .  The s e c r e to r y  s tr u c tu r es  o f  peppermint (Howe, 1962), Tamarix, 

i . e . ,  s a l t  cedar (Campbell and S tron g , 1964), th e  tarweeds o f  th e  

Compositae (C a r lq u is t , 1958), venus f ly tr a p  ( S c a la ,  Schwab, and Sim

mons, 1968), and o th ers (U pholf, 1962) a l l  o r ig in a te  in  th e  same manner, 

from a s in g le  epiderm al i n i t i a l  in  th e  m eristem a tic  r e g io n .
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Figure

Figure

Figure

13. Microprobe image o f  th e su r fa c e  o f  flow er
s e p a ls .  Note th e numerous g la n d u la r
h a ir s  and glands (arrow s). M a g n ifica tio n :  
200X.

14. C oro lla  tube a t th e  apex, opening out to
form th e  l ip  o f  th e  flo w er . Note th e  
smooth a b a x ia l or o u ter  su r fa c e  o f  th e  
c o r o lla  (o s) as opposed to  th e  ad ax ia l 
or in n er  su r fa ce  ( i s )  o f  th e c o r o lla .  
M agn ifica tion : 100X.

15. The in n er  (a d a x ia l) su r fa c e  o f  th e  c o r o lla
tube. Note th e  s c a r c i t y  o f  th e  glands  
and g lan d u lar h a ir s .  Arrows denote some 
o f  th e  few p r e se n t . M agn ifica tion : 100X,
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F igure 16. Epidermal i n i t i a l  o f  th e  s e c r e to r y  trichom e,
in d ic a te d  by th e  arrow. M agn ification :
1300X.

F igure 17. 2 - c e l l  s ta g e  o f th e  d ev elo p in g  secre to ry  t r i 
chome. Note th e  p a r a c lin a l w a ll (arrow) 
c u tt in g  o f f  th e  ou ter  s t a lk  c e l l  i n i t i a l  ( i ) . 
M agn ifica tion : 1300X.

F igure 18. Second p a r a c lin a l d iv is io n  (arrow) o f  the
develop ing  trichom e r e s u lt in g  in  th e 3 - c e l l  
sta g e  o f  th e  g la n d u la r  h a ir ;  in d ica ted  are 
th e b a sa l c e l l  ( b ) , s ta lk  c e l l  ( s ) , and 
capitulum  i n i t i a l  ( c i ) . M agn ification :
700X.

F igure 19. Second p a r a c lin a l d iv is io n  (arrow) o f  the
d evelop ing  trichom e r e s u lt in g  in  the  
3 - c e l l  s ta g e  o f  th e  g land; in d ica ted  are 
th e  b a sa l c e l l  (b ) ,  s ta lk  c e l l  ( s ) ,  and 
capitulum  i n i t i a l  ( c i ) .  M agn ification :
700X.
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The f i r s t  d iv is io n  o f  th e epiderm al i n i t i a l  i s  p a r a c lin a l,  i . e . ,  

p a r a l le l  to  th e  su r fa c e  o f  the stem  or l e a f ,  s e t t in g  up a tw o -c e lle d  

sta g e  c o n s is t in g  o f  a b a sa l c e l l  and a s ta lk  c e l l  i n i t i a l  (Figure 17 ). 

The second d iv is io n ,  a d iv is io n  o f  th e  s ta lk  c e l l  i n i t i a l ,  in v o lv e s  

the form ation o f  th e  capitulum  i n i t i a l  and i s  again  p a r a c lin a l in  

n a tu re . The u n is e r ia t e ,  i . e . ,  c o n s is t in g  o f  a s i n g l e ’ la y e r  o f  c e l l s ,  

t i e r  o f  c e l l s  i s  composed o f  th e  b asa l c e l l ,  th e  s ta lk  c e l l ,  and th e  

capitulum  i n i t i a l  (F igu res 18 and 19). The th ird  d iv is io n  to  occur i s  

a n t ic l in a l  in  n a tu re , i . e . ,  p erp en d icu lar to  th e  p lan e o f  the l e a f  or 

stem  a x is ,  s e t t in g  up th e  tw o -c e lle d  capitulum  (F igures 20 and 2 1 ) . I t  

i s  at t h is  p o in t th a t development o f  th e  gland and g lan d u lar h a ir  

d i f f e r s .  For th e  g la n d u la r  h a ir  th is  i s  th e f in a l  d iv is io n  and the  

s tr u c tu r e  w i l l  begin  i t s  sec re to ry  a c t iv i t y  in  t h i s  form and remain in  

th is  form. The g la n d , on th e o th er  hand, w i l l  undergo one a d d itio n a l  

a n t ic l in a l  d iv is io n  r e s u lt in g  in  a fo u r -c e l le d  capitu lum  (F igure 2 2 ) ,  

and i t  i s  in  t h i s  s t a t e  th a t th e  s tr u c tu r e  b eg ins i t s  se c r e to r y  

a c t iv i t y .  P revious to  capitulum  i n i t i a l  form ation , i t  i s  im p o ssib le  to  

d is t in g u is h  between gland and g lan d u lar h a ir s .  The s ta lk  c e l l  o f  th e  

mature gland i s  always very com pressed, broad, and d en sly  cytop lasm ic  

(F igure 2 ) ,  w h ile  th e  s ta lk  c e l l  o f  th e g land u lar h a ir  i s  u su a lly  more 

v e r t i c a l ly  e lo n g a te  and does not e x h ib it  a d en sly  s ta in in g  cytoplasm  

(Figure 1 ) .  A lso , th e  b a sa l c e l l  o f  th e  gland i s  more embedded in the  

epiderm al la y e r , w h ile  th e  b a sa l c e l l  o f  th e  g lan d u lar h a ir  protrudes 

above th e ep iderm is. Based on th e se  o b serv a t io n s , i t  i s  p o s s ib le ,  

w ith in  l im i t s ,  to  d is t in g u is h  between th e  d ev elo p in g  g landu lar h a ir  

and gland once development reaches the capitulum  i n i t i a l  form ation  

s ta g e . Examples o f  th e se  characters d isp la y ed  in  th e  th r e e -c e l le d
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Figure 20.

Figure 21.

Figure 22.

Gland w ith  capitulum  composed o f  two c e l l s  
fo llo w in g  the f i r s t  a n t ic l in a l  d iv is io n  
(arrow ). M a g n ifica tio n : 700X.

Glandular h a ir  fo llo w in g  the a n t ic l in a l  
d iv is io n  (arrow) th a t s e t  up th e 2 - c e l l  
sec re to ry  cap itu lum . M agn ifica tion :
700X.

Second, and la s^ , a n t ic l in a l  d iv is io n  o f  th e  
gland r e s u lt in g  in  th e 4 - c e l l  s e c r e to r y  
capitulum . M a g n ifica tio n : 700X.
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sta g e  are shown in  f ig u res  18 and 19.

One a d d itio n a l th in g  should  be m entioned, and th at i s  th e gen era l 

tendency fo r  th e  gland to  mature b efo re  th e  g land u lar h a ir . On d ev e lo p 

in g  stem s and le a v e s  maturing glands always appear e a r l ie r  than the  

gla n d u la r  h a ir s .  This phenomenon has a ls o  been shown to occur in  the  

tarweeds o f  the Compositae (C a r lq u is t , 1958) and in  peppermint (Howe, 

1962) . The more conplex gland apparently  s t a r t s  develop ing  e a r l ie r  

than the le s s  complex sec re to ry  h a ir  r e s u lt in g  in  th e m aturation o f  

both s tr u c tu r e s  a t approxim ately th e  same tim e. This might a lso  be 

used in  d is t in g u is h in g  between d evelop in g  se c r e to r y  h a irs  and g land s. 

D eveloping s tr u c tu r e s  found in  the m eristem atic  reg io n , w ith  no in d i 

ca t io n  o f  maturing glands p r e se n t , should  be d evelop in g  g la n d s. When 

developm ental s ta g e s  are found in  the p resen ce o f  a lready d evelop in g  

glan d s, th e se  then might be s ta g e s  in  th e  development o f  th e sec re to ry  

h a ir . T h is method o f  id e n t ify in g  developm ental s ta g e s  in  unacceptab le  

because by i t s e l f  o f fe r s  no ta n g ib le  ev id en ce fo r  sep a ra tin g  the  

developm ental s ta g e s  o f  the two s tr u c tu r e s .

The on set o f  secre to ry  a c t iv i t y  i s  in d ic a te d  by a d is te n t io n  and 

sep a ra tio n  o f  th e  c u t ic le  from the c e l l  w a ll form ing the th in  c u t ic u la r  

blad d er in to  which th e sec re to ry  p ro d u cts, in c lu d in g  n ep eta la c to n e , 

are p a ssed . It has been reported  in  Mentha (Howe, 1951) th a t ,  at 

l e a s t  during ce r ta in  phases o f  th e l i f e  c y c le ,  su bstan ces o th er  than  

the e s s e n t ia l  o i l  are a lso  se c r e te d . This phenomenon o f th e se c r e t io n  

o f  substari.ces vary in g  in o i l  con cen tra tion  from 100 per cen t to  some

th in g  co n sid era b ly  l e s s  than 100 per cent may occur in  Nepeta as i t  

does in  Mentha. This has been in d ic a te d  by n ep eta la cto n e  b io sy n th e s is  

s tu d ie s  (R egn ier , e t . a l . ,  1968) and w i l l  be mentioned in th e  d isc u ss io n
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on the h isto ch em istr y  o f  th e  s e c r e to r y  s tr u c tu r e s . The b ladder d is 

ten tio n  found in  the gland i s  very  pronounced w h ile  in  the g land u lar  

h a ir  i t  i s  very s l i g h t .  Some a d d it io n a l in d ic a t io n  o f  th e d if fe r e n c e s  

between the two se c r e to r y  s tr u c tu r e s  was sought u sin g  e le c tr o n  m icro

scopy and th e  r e s u lt s  are d isc u sse d  in  th e s e c t io n  on e le c tr o n  

m icroscopy.

There i s  some d isagreem ent concern ing th e nature o f  g landu lar  

capitulum  c e l l s  a f t e r  th e  o n set o f  s e c r e t io n  and the f i l l i n g  o f  th e  

c u tic u la r  b ladder. Howe and Steward (1962) reported  th a t w h ile  the  

c e l l s  in  the capitulum  o f  Mentha appeared to  become d iso rg a n ized  and 

degenerate in  l ig h t  m icroscope p rep aration s study o f  l iv e  m ateria l 

in d ica ted  th a t the c e l l s  o f  th e  capitulum  may remain a l iv e  and in ta c t  

as long as the c u t ic u la r  b lad d er remained in t a c t .  On the o th er hand, 

Amelunxen (1965) reported  th a t when stu d ie d  w ith  the e le c tr o n  m icro

scope th e  con tents o f  th e  gland  capitulum  c e l l s  o f  Mentha became 

d isorgan ized  and ev e n tu a lly  became f i l l e d  w ith a homogenous su bstan ce. 

The u ltr a s tr u c tu r e  o f  th e  mature gland  c e l l  o f  Nepeta w i l l  be d iscu ssed  

as part o f  th e  u ltr a s tr u c tu r a l a n a ly s is  o f  th e  g land u lar capitulum . 

Figure 23 shows, d iagram m atica lly , the developm ental p rocess o f  the  

glandular h a ir  and gland .

H istochem ical Study o f  S ecreto ry  Trichome Composition

A fter  ob serv in g  th e  s tr u c tu r a l  changes occurring  in  th e  gland  

and g land u lar h a ir  as m aturation  and th e  onset o f  s e c r e t io n  approached, 

an attempt was made to  id e n t i fy  changes in  the c la s s e s  o f  macromolecu- 

la r  compounds. M icroscopic h is to c h e m is tr y  was employed in  th is  study  

fo r  the lo c a l iz a t io n  and id e n t i f i c a t io n  o f  p r o te in , carbohydrate, l i p i d ,
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Figure 23. D iagram atic R epresentation  o f  th e  D evelop
mental Sequence o f  th e  Gland and Glandular 
H air.

Gland Developmental Sequence:

(a) en larged  epidermal i n i t i a l  protrud ing  
above th e  ep iderm is.

(b) f i r s t  p a r a c lin a l d iv is io n  o f  th e  i n i t i a l  
c r ea tin g  the tw o -c e lle d  s ta g e  o f  th e  gland.

(c) second p a r a c lin a l d iv is io n  c r ea tin g  the 
th r e e -c e l le d  sta g e  composed o f  b a sa l c e l l ,  
s ta lk  c e l l ,  and capitu lum  i n i t i a l .

(d) f i r s t  a n t ic l in a l  d iv is io n  cr e a tin g  a 
tw o -c e lle d  capitu lum .

(e ,f ) s e c o n d  a n t ic l in a l  d iv is io n  s e t t in g  up th e
fo u r -c e l le d  s e c r e to r y  capitulum  ( l . s . ,  c . s . ) .  

(g) sep a ra tio n  and d is t e n t io n  o f  th e  c u t ic u le  
to form the o i l  co n ta in in g  b ladder.

G landular H air Developm ental Sequence:

(a) p ro tru sio n  o f  epiderm al i n i t i a l .
(b) f i r s t  p a r a c lin a l d iv is io n  c r e a tin g

2 -c e l led  s ta g e .
(c) second p a r a c lin a l d iv is io n  c r ea tin g

3 -c e l le d  s ta g e .
( d , e ) f i r s t ,  and o n ly , a n t ic l in a l  d iv is io n  c r e a t

ing  th e  g landular h a ir  w ith  a 2 - c e l  led  
capitulum  C l- s . ,  c . s . ) .
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Gland Developmental Sequence

Glandular Hair Developmental Sequence

Figure 23
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and p e c t in . P re -sec re to ry  p la n ts  10 days o ld  were examined and compar

ed w ith se c r e to r y  p la n ts  13 o r  more days o f  age. The presence or  

absence o f  th e  macromolecular components was noted  u sin g  h isto ch em ica l 

t e s t s  based on co lo r  id e n t i f ic a t io n  o f  th e confounds.

Carbohydrates

L o ca liza tio n  o f  carbohydrates in  m icroscop ic h isto ch em istry  

in v o lv e s  s ta in in g  o f  in so lu b le  p o ly sa cch a r id es  s in c e  th ere  i s  no 

procedure fo r  the lo c a l iz a t io n  o f  so lu b le  sugars in  f ix e d  t i s s u e .  The 

method used was th e p e r io d ic  a c id -S c h if f ' s  r e a c tio n . In p lan t t i s s u e  

10 days o f  age the t e s t  fo r  carbohydrates was p o s i t iv e ,  in d ic a t in g  the 

p resence o f  p o lysacch arid e (F igure 2 4 ) .  The corresponding a c e ty la t io n  

blockade co n tro l gave a n eg a tiv e  r e a c t io n , or ra th er , th e  t is s u e  remain

ed unsta in ed  (F igure 25) . In t h i s  procedure th e  cytoplasm  i s  supposed  

to  remain c o lo r le s s ,  the n u c le i  s ta in in g  on ly  l i g h t ly ,  th e  w a lls  s t a in 

in g , and s ta rch  rea c tin g  very s tr o n g ly .  As can be seen in  fig u re  24,

th e  c e l l  w a lls  do s ta in  s tr o n g ly  and th e  cytoplasm  o f  c e l l s  around

the g land u lar s tr u c tu r es  i s  c le a r . However, th e secre to ry  c a p itu la  o f  

both gland and g landu lar h a ir  are very densly  s ta in in g  s tr u c tu r e s .

The gland shown in f ig u re  24 has what appears to  be an already fu n c tio n 

in g  sec re to ry  capitulum , as noted  by th e  d isten d ed  c u tic u la r  b lad d er.

The same ob serv a tio n  can be made concerning th e  g landu lar h a ir . Two

-questions now a r is e  concerning th e se  o b serv a tio n s . F ir s t ,  what i s  the  

com position o f  th e  d ensly  s ta in in g  m ateria l in  th e  secre to ry  capitulum ; 

and second, are th e se  s tr u c tu r es  fu n c tio n in g  a t th is  age? The d en sly  

s ta in in g  m a ter ia l may be s ta r c h . I t  presumably cannot be composed o f  

so lu b le  carbohydrates s in c e  they are lo s t  during t is s u e  p rep a ra tio n .
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Figure 24 . Leaf t i s s u e ,  in  cross s e c t io n ,  o f  a 10-day 
o ld  p la n t  s ta in e d  fo r  carbohydrate w ith  
th e  p e r io d ic  a c id -S c h if f ' s  t e s t .  Glandular 
h a ir  (h) and gland (g) in d ic a te d  show a 
p o s i t iv e  r e a c t io n  by s ta in in g  in t e n s e ly  red. 
Note th a t  th e  s ta lk  c e l l  o f  th e  gland s ta in s  
w h ile  th e  s ta lk  c e l l  o f  th e  h a ir  s ta in s  only  
s l i g h t l y .  M agn ifica tion : 700X.

Figure 25 . 10-day o ld  l e a f  t i s s u e  i s  cross s e c t io n  s t a in 
ed  fo r  carbohydrate a f t e r  f i r s t  b ein g  su b je c t 
ed  to  an a c e ty la t io n  b lockade. T his was used  
as a c o n tr o l.  Note th a t th e  gland and gland
u la r  h a ir  remain u n sta in ed . M agn ification :  
700X.

Figure 26 . Carbohydrate t e s t  run on 20-day o ld  p la n t
t i s s u e .  Note th e  s ta in in g  o f  th e  g landu lar  
h a ir  c e l l  w a lls  and capitu lum , and the  
s ta in in g  o f  th e  s ta lk  c e l l  o f  th e  gland as 
w e ll  as th e  s e c r e to r y  capitulum  (arrow s). 
M a g n ifica tio n : 300X.

Figure 27. A c e ty la tio n  blockade fo r  th e  carbohydrate
s ta in  on p la n ts  20-days o ld  showing p o s it iv e  
b lo ck in g  o f  th e  carbohydrate aldehyde groups. 
Note th a t th e  g land u lar h a ir  and l e a f  t is s u e  
remains u n sta in ed . M agn ification : 700X.
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The substance i s  a carbohydrate because th e t i s s u e ,  when f i r s t  s u b je c t 

ed t o  a a c e ty la t io n  b lockade (F igure 25) b efo re  s ta in in g ,  gave a 

n eg a tiv e  resp o n se . S in ce  th ere  are no a d d itio n a l h is t o lo g ic a l  t e s t s  

fo r  carbohydrate, th e  d en sly  s ta in in g  m ateria l i s  as y e t  u n id e n t if ie d .

I f  th e  m a ter ia l i s  s ta r c h , a p o s s ib le  fu n ction  would be to  serve as an 

energy source fo r  th e  s e c r e t io n  p ro cess .

In regard  to  the second q u e stio n , i t  i s  known th a t th e catn ip  

p la n t  begins th e  s e c r e t io n  o f  th e  o i l ,  n e p e ta la c to n e , at th e  th ir te e n th  

day a f te r  germ ination . However, th is  does not exclu d e th e  p o s s ib i l i t y  

o f  s e c r e t io n  o f  some o th er  su b sta n ce , p o ss ib ly  n ep eta la c to n e  p recu rso rs, 

or th e d isten d ed  b la d d er  might be an a r t i f a c t  o f  f ix a t io n ,  although  

th is  i s  u n lik e ly  based  on th e  u ltr a s tr u c tu r a l ev id en ce  obta ined  in  a 

study on Mentha (Amelunxen, 1964) . Once i t  i s  known where th e f in a l  

conversion  o f  n ep eta la c to n e  precursors in to  n ep eta la cto n e  o ccu rs, e i th e r  

in  th e  surrounding p la n t  t i s s u e ,  in  th e g landu lar cap itu lum , or sub

c u t ic u la r  space o f  th e  b lad d er, i t  might then be p o s s ib le  to  id e n t ify  

th is  su bstan ce th a t i s  s e c r e te d  p r io r  to  the appearance o f  n ep eta la cto n e  

a t day 13.

P lan ts o ld er  than 13 days gave the same s ta in in g  p a tte rn  as d id  

th e  younger p la n ts  (F igure 2 6 ). The c e l l  w a lls  s ta in e d  as exp ected , 

and th e c e l l s  o f  th e s e c r e to r y  capitulum  sta in e d  in t e n s e ly  fo r  carbo

h ydrate, This e f f e c t  was again negated  when p rev iou s treatm ent w ith an 

a c e ty la t io n  b lockade was adm inistered  (Figure 27 , 2 8 ) ,

The p e r io d ic  a c id - S c h i f f ' s  t e s t  run on A r a ld ite  embedded t i s s u e  

d id  not g iv e  r e s u lt s  d if f e r e n t  from th ose given  from p a r a ff in  embedded 

t i s s u e .
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P ro te in

P rotein  lo c a l iz a t io n  was accom plished w ith  th e  u se  o f  a procedure  

which v is u a liz e d  a l l  p ro te in s  o f  th e  c e l l .  S in ce th e  procedure was 

done on f ix e d  and embedded t i s s u e ,  a l l  fr e e  amino a c id s  must be assumed 

to  have been l o s t .  The r e s u lt s  o f  the t e s t ,  th e n in h y d r in -a llo x a n -  

S c h i f f ' s  r e a c tio n , fo r  th e 10-day o ld  p la n ts  were p o s it iv e  fo r  p r o te in ,  

in d ic a te d  by a b r ig h t red s ta in  (Figure 29 and 3 0 ). The r e a c tio n  

w asn 't as in ten se  as th e carbohydrate s ta in  was, but th e  t i s s u e  did  

show a p o s it iv e  r e a c tio n . When a c e ty la t io n  (F igure 31) and deam ination  

(F igure 32) b lockades were f i r s t  run b efo re  t r e a t in g  w ith  th e  S c h if f ' s  

rea g en t, a n eg a tiv e  r e s u lt  occurred . S in ce  th e se  b lockades are 

s p e c i f i c  fo r  th e n inhydrin  produced a ldehyd es, i t  i s  apparent th a t  

p r o te in  i s  p resen t. The p r o te in  i s  lo c a liz e d  in  th e s e c r e to r y  c a p itu 

lum and s ta lk  c e l l  o f  th e gland and in th e  capitulum  o f  the g land u lar  

h a ir .  S in ce n oth in g  p resen t in  th e c u t ic u la r  b ladder s ta in e d , i t  must 

be concluded th a t no p ro te in s  are p resen t in  th e b lad d er under th e se  

c o n d it io n s . Again, as found in  carbohydrates, the so lu b le  component, 

amino acid s are lo s t  during f ix a t io n  and embedding. S in ce th er e  

appears to  be no p r o te in  p resen t in  th e c u t ic u la r  b la d d er , i t  i s  pro

b ab le  th a t the enzymes r e sp o n s ib le  fo r  th e  conversion  o f  p recursors  

in to  n ep eta la cto n e  does not occur in  th e c u t ic u la r  b ladder.

P la n ts  th a t were o ld er  than 13 days e x h ib ited  th e  same p a ttern  

o f  s ta in in g  as d id  th e 10 day, p r e -se c r e to r y  p la n ts .  The g lan d u lar  

h a ir s  reacted  more str o n g ly  (F igure 33) than did th e  h a ir s  o f  th e  

younger p la n ts , but th is  could  be due to  procedural v a r ia b le s  ra th er  

than in crea se s  o f  p r o te in  p resen t in  the c e l l .  The gland (F ig u re  34) 

s ta in e d  h e a v ily  in  the s ta lk  c e l l  and capitulum  c e l l s ,  as d id  th e
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Figure

Figure

28. A ce ty la tio n  blockade fo r  carbohydrate s ta in
on p la n ts  20-days o ld  showing p o s it iv e  
b lo ck in g  o f  th e  carbohydrate aldehyde 
groups. Note th a t the gland remains un
s ta in e d . M agn ifica tion : 700X.

29. 10-day o ld  t i s s u e  s ta in e d  fo r  p r o te in  w ith
th e  n in h y d r in -S c h iff 's  r e a c tio n ; n o te  the  
moderate s ta in in g  o f  th e  s e c r e to r y  c a p itu 
lum and s ta lk  c e l l  o f  th e  gland (arrow ), 
M agn ification : 700X.

30. Glandular h a ir  o f  10-day o ld  l e a f  t i s s u e  s t a in 
ed fo r  p r o te in ; th e  s ta in  in d ic a te s  th e  
presence o f  p r o te in  in  th e  sec re to ry  ca p itu 
lum c e l l s .  M agn ifica tion : 700X.

31. A cety la tio n  blockade run as a con tro l on 10-day
o ld  t i s s u e  fo r  th e p r o te in  t e s t .  Note th a t  
the g landu lar h a ir  (arrow) d id  not s t a in ,  as 
ex p ected , but th a t th e gland appears to  have 
s ta in e d . The gland d id  n o t ,  however, s ta in  
the p u rp lish -p in k  c o lo r  in d ic a t iv e  o f  the  
S c h i f f ' s  s ta in  but appears dark due to  dense 
cytoplasm ic com position . M agn ification :
300X.
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younger p la n t g lan d s. This may be in d ic a t iv e  o f  a more a c t iv e  ro le  o f  

th e g land  in  s e c r e t io n  as compared to  th e g la n d u la r  h a ir . Deamination 

and a c e ty la t io n  blockade co n tro l t e s t s  were run and r e s u lte d  in  com

p le t e  b lo ck in g  o f  th e  s ta in in g  action  (F ig u res 35, 36 , 3 7 ). Nothing 

in  the c u t ic u la r  b ladder s ta in e d  fo r  p r o te in .

I t  must be s tr e s s e d  a t th is  p o in t th a t  th e procedures used for  

p r o te in  lo c a l iz a t io n  are n o t fu l ly  understood in  t h e ir  a c t io n  on p la n t  

t i s s u e s  (Jensen , 1 962). I t  i s  for  th is  reason  th a t r e s u lt s  o f  these  

procedures should  be used w ith  caution  and not r e l ie d  upon too stro n g 

ly .  The in te n t o f  th is  work was to  id e n t i f y  r e la t iv e  changes in  amounts 

or presence o f  th e se  compounds.

P ectin

P ec tin  su b stan ces are some o f  th e  mere im portant chem ical com

ponents o f  th e c e l l  w a ll. L o ca liza tio n  tech n iq u es t r ie d  were the  

standard ruthenium red s ta in  and the newer method em ploying hydroxyla- 

m in e -fe r r ic  ch lo r id e  as the s ta in .  In th e  la t t e r  s ta in in g  procedure 

th e  amount o f  c o lo r  in  the t i s s u e  depends on th e amount o f  e s t e r i f ie d  

p e c t in s  and on the degree o f  e s t e r i f i c a t io n .  The r e s u l t s  obtained w ith  

th e  ruthenium red s ta in  were p o s it iv e .  F igure 38 shows a glandular  

h a ir  w ith  th e w a lls  s ta in ed  h e a v ily . The s t a in  g iv e s  a ra th er grainy 

appearance to  th e m a ter ia l. I t  does not s t a in  sm oothly as does the  

PAS s t a in ,  A gland i s  shown in  fig u re  39 w ith  c e l l  w a ll rea ctin g  and 

a more h e a v ily  s ta in e d  region  in the s e c r e to r y  cap itu lum . S ince the  

b a s is  o f  th is  rea c tio n  i s  on ly  p a r tly  u nderstood , i t  can be considered  

only  p a r t ia l ly  s p e c i f i c  (Jensen , 1962).
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Figure 32.

F igure 33.

F igure 34.

F igure 35.

Deamination blockade used as a co n tro l in  
th e  n in h y d r in -S c h if f 's  t e s t  fo r  p ro te in  
in  10-day o ld  t i s s u e .  Note th a t the s ta in  
was e f f e c t i v e l y  b locked  by th e  con tro l 
p rocedu re , thus in d ic a t in g  th a t th e  p o s it iv e  
r e a c t io n  in  f ig u r e s  29 and 30 was due to  th e  
s ta in in g  o f  p r o te in . M agn ification : 700X.

P r o te in -s ta in e d  t i s s u e ,  20-days o ld . Note 
th e  s ta in in g  o f  th e g lan d u lar h a ir  capitulum  
(arrow ). M agn ifica tion : 300X.

Cross s e c t io n  through 20-day o ld  l e a f  t i s s u e  
s ta in e d  fo r  p r o te in  lo c a l iz a t io n .  Note th e  
s ta in in g  o f  th e  gland capitulum  and s ta lk  
c e l l  (arrow ). M agn ifica tion : 700X.

Deamination b lockade used as a co n tro l fo r  
th e  p r o te in  t e s t  in  20-day o ld  p la n t t i s s u e .  
Note th a t th e  gland s ta lk  c e l l  has ap parently  
s ta in e d  (arrow ). This i s  not th e ca se , how
e v e r , s in c e  th e  str u c tu r e  d id  n o t s ta in  th e  
r ed ish -p u rp le  o f  the n in h y d r in -S c h iff 's  s t a in ,  
but appears dark due to  the n a tu ra l d e n s ity  o f  
th e  c e l l  cytoplasm . The g lan d u lar h a ir  remain
ed u n sta in ed  a ls o .  M agn ifica tion : 300X.
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R esu lts  from th e  more p e c t in - s p e c i f ic  r e a c tio n  em ploying hydro- 

x y la m in e -fe r r ic  c h lo r id e  were d isa p p o in tin g . The m a ter ia l used was 

f ix e d  in  co ld  n eu tra l b u ffered  form alin  and embedded in  p a ra ff in ; and 

due to  t h is  p r e - f ix a t io n ,  the s ta in  i s  an u n stab le  one as fa r  as g iv in g  

p o s it iv e  or n eg a tiv e  r e s u l t s .  The p resence or absence o f  a p e c t in  la y er  

in  th e  w a lls  o f  th e  g lan d u lar c e l l s  should  be v e r if ie d  by e lec tro n  

m icroscopy.

L ipid

The o i l  so lu b le  co lo ra n ts  p rovide th e  most w id ely  used general 

t e s t  fo r  l ip id s  even though not a l l  fr ee  l ip id s  can be demonstrated  

(Casselm an, 1959). The co lo r a t io n  o f  th e  l ip id s  by th e  co loran t depends 

upon the reagent d is s o lv in g  in  th e  l i p i d s ,  thus th e  l ip id s  having low

er  m e ltin g  p o in ts  c o lo r  more r e a d ily  than do l ip id s  having h igh er  

m eltin g  p o in ts .  The Sudan dyes are among th e  most freq u en tly  used o i l -  

so lu b le  c o lo r a n ts . Sudan I I I  was used in  th is  study.

In p la n ts  10 days o f  age th e t e s t  fo r  l ip id  was n eg a tiv e  fo r  

gland u lar h a ir  and gland b ladder c o n te n ts . The c u t ic le  o f th e se  p la n ts ,  

however, d id  rea ct p o s i t iv e ly .  F igures 40 and 41 show the presence o f  

gland and g land u lar h a ir  w ith  d e f in i t io n  o f  th e  s tr u c tu r es  due to  th e  

Sudan s ta in in g  o f  the c u t i c l e .  In f ig u r e  40 th e  gland shows a d is te n d 

ed c u t ic u la r  b ladder d evoid  o f  any g lo b le t s  in s id e  th e b ladder. The 

grainy appearance o f  th e  cytoplasm  o f  th e  gland and g landu lar h a ir  in  

f ig u r e s  40 and 41 i s  due to  the normal cytop lasm ic d en s ity  s in c e  i t  

occurs even in  u n sta in ed  t i s s u e .

In p la n t t i s s u e  taken from mature flow erin g  p la n ts  g landular  

h a ir s  again  g iv e  a n eg a tiv e  r e a c t io n , as seen  in  fig u r e  42. The c u t ic le

R e p ro d u c e d  with p e rm iss ion  of th e  copyrigh t ow ner.  F u r th e r  reproduction  prohibited w ithout perm iss ion .



Figure

Figure

Figure

Figure

36. A ce ty la tio n  co n tro l fo r  th e  p r o te in  t e s t  in
20-day o ld  t i s s u e .  Note th a t  th e con trol 
was e f f e c t iv e  in  b lo ck in g  th e  s ta in in g  o f  
th e  g lan d u lar h a ir . M agn ifica tion : 700X,

37. A cety la tio n  co n tro l fo r  th e  p r o te in  t e s t  in
20-day o ld  t i s s u e .  Note th a t  th ere i s  no 
s ta in in g  o f  th e  g land . M agn ification :
700 X.

38. 10-day o ld  t i s s u e  s ta in e d  fo r  p e c t in .  Note 
th e s ta in in g  o f  th e  c e l l  w a lls  o f  the  
glandular h a ir  (arrow ). M agn ification : 
300X.

39. 10-day o ld  t i s s u e  s ta in e d  fo r  p e c t in .  Note
th e s ta in in g  o f  th e  c e l l  w a lls  o f  the gland  
(arrow ). M agn ification : 300X.
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r e a c ts  s l i g h t l y  but c u t ic u la r  b lad d er con ten ts in d ic a te  th a t  no l ip id  

d r o p le ts  are p r e se n t . The cytoplasm  o f  th e g land u lar h a ir  i s  n o t ic e 

ably con tracted  in to  th e  m iddle o f  th e  capitulum  lea v in g  th e  space  

su sp ected  o f  con ta in in g  n ep eta la c to n e  to  the perip hery  o f  th e  capitulum  

c e l l s .  The rea c tio n  o f  th e  Sudan s t a in  in  th e  g land , however, i s  

p o s i t iv e ,  as seen  in  fig u res  43 and 44.

Figure 43 in d ic a te s  a gland w ith  o b v io u sly  s ta in in g  l ip id  as 

shown by th e d ro p le ts  p resen t in  th e  c u t ic u la r  b lad d er. F igure 44 

shows th e  gland in  th e paradermal p lan e and in d ic a te s  the p resence o f  

l i p i d  in  th e b ladder.

N ep eta lacton e , a te rp en o id , i s  not s ta in e d  by th e l i p i d  s t a in s ,  

although i t  i s  c a l le d  an " e s s e n t ia l  o i l . "  There appears to  be no 

c o r r e la t io n  between n ep eta la c to n e  occurrence and th e  presence o f  l i p i d ,  

s in c e  th e  g land u lar h a ir s  o f  both p re - and p o s t-se c r e to r y  t i s s u e  gave 

n e g a tiv e  s ta in in g  r e s u l t s .  However, s in c e  th ere  i s  apparently no l ip id  

p resen t in  th e p r e -se c r e to r y  t i s s u e ,  i t  i s  most u n lik e ly  th a t th e  p o s i 

t iv e  r e a c tio n  o f  th e  p e r io d ic  a c id  S c h i f f ' s  t e s t  fo r  carbohydrates was 

caused by the s ta in in g  o f  aldehydes produced from th e  a ir  o x id a tio n  o f  

u nsaturated  fa t ty  a c id s .

U ltr a stru c tu ra l A spects o f  th e  S ecreto ry  Trichomes

I t  was the purpose o f  th is  p a rt o f  the study to  observe th e p r e 

sen ce o f  c e l lu la r  o r g a n e lle s  at th e  u lt r a s tr u c tu r a l  le v e l  and to  n ote  

th e  p resen ce or absence o f  c e r ta in  o r g a n e lle s  and t h e ir  d is t r ib u t io n  

w ith in  th e  sec re to ry  gland cytoplasm . S evera l d if f e r e n t  methods were 

employed in  th e  p rep aration  o f  th e  t i s s u e  fo r  u ltr a s tr u c tu r a l examin

a t io n . However, none o f  the methods proved s u f f i c i e n t  fo r  s o lv in g
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Figure 40.

Figure 41.

Figure 42.

Figure 43.

Sudan I I I  s t a in  fo r  l i p i d  in  10-day o ld  
p la n t t i s s u e .  The c u t ic le  covering  
th e  ep iderm is and com prising the c u t i 
cu la r  b lad d er o f  th e  gland s ta in  
p o s i t iv e ly  fo r  th e p resen ce o f  l ip id .  
N ote, however, th a t co n ten ts  o f  th e  
bladder do not s ta in  (arrow ). 
M agn ifica tion : 700X.

Sudan I I I  s t a in  fo r  l ip id  in  10-day o ld  
p la n t t i s s u e .  Again n ote  th e  s ta in in g  
o f  th e  c u t i c l e .  The g lan d u lar h a ir  a t  
th is  s ta g e  does not have a d isten d ed  
c u t ic le  surrounding th e  capitulum  and 
th ere  i s  o n ly  s ta in in g  o f  th e  c u t ic le  
around th e  g land u lar capitulum . 
M a gn ifica tion : 700X.

Sudan I I I  s ta in  fo r  l ip id  on t i s s u e  from 
a mature flo w er in g  p la n t . Note the  
g land u lar h a ir  w ith  th e  degenerating  
cytoplasm ; th ere  does not appear to  be 
any l ip id  p resen t ta k in g  up th e Sudan 
s t a in .  M a gn ifica tion : 700X.

Sudan I I I  s t a in  on t i s s u e  from a flow erin g  
p la n t . Shown are th e  l ip id  g lo b u les  
p resen t in  th e gland b ladder (a rro w s). 
M agn ifica tion : 700X.
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Figure 44. This i s  a paradermal view  again  showing the  
p resen ce o f  th e l ip id  in  th e gland b ladder  
(arrow ). M a gn ifica tion : 700X.
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problems incurred . The major problem incurred  was in  d ea lin g  w ith  the  

i n f i l t r a t i o n  and embedment o f  th e  t i s s u e .  A r a ld ite  502 r e s in  was used  

as the embedding medium, and due to  i t s  v i s c o s i t y  i n f i l t r a t i o n  o f  th e  

r e s in  in to  th e t i s s u e  was not ach ieved . The consequence o f  only p a r t ia l  

embedment o f  the t i s s u e  was th a t during th in  s e c t io n in g  th e  t i s s u e  to re  

out o f th e  r e s in  due t o  i t s  uneven hardness in  th e  r e s in . To co rrec t  

the s i tu a t io n ,  low h ea t was a p p lied  during i n f i l t r a t i o n  under a vacuum. 

The r e s u lt  was a p a r t ia l  p o ly m eriza tio n  o f  th e  r e s in  due to  both the  

tem perature and th e  evap oration  under th e  vacuum o f  th e  s o lv e n t  fo r  th e  

r e s in . When i n f i l t r a t i o n  was attem pted u sin g  no h ea t and a vacuum or 

done at room tem perature, p en etr a tio n  was not uniform  throughout th e  

t i s s u e .

P o ss ib le  reasons fo r  the embedding d i f f i c u l t i e s  cou ld  stem from 

th e  fa c t  th a t th e r e la t iv e ly  young 10 m.d 20 day o ld  t i s s u e  had c u t ic le  

p resen t in  amounts th a t would d isa llo w  i n f i l t r a t i o n  o f  th e  t i s s u e  w ith  

a medium o f  th is  v i s c o s i t y .  Another p o s s i b i l i t y ,  although u n lik e ly  i s  

th a t com plete f ix a t io n  o f  th e  t i s s u e  was never ach iev ed . This was 

probably n o t the c a se , however, s in c e  th e  t i s s u e  d id  become blackened  

due to  th e  d is p o s it io n  o f  osmium. This i s  u su a lly  an in d ic a t io n  o f  

proper f ix a t io n .  I t  i s  recommended th a t fo r  th e  co n tin u a tio n  o f  th is  

study o f  th e  u ltr a s tr u c tu r a l a sp ects  o f  th e  ca tn ip  gland cytoplasm  an 

embedding medium o f  a low er v i s c o s i t y  be employed and thus avoid em

bedding d i f f i c u l t i e s .
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CHAPTER V

SUMMARY AND CONCLUSIONS

To study the development and h is to ch em istr y  o f  the se c r e to r y  t r i -  

chomes o f  Nepeta c a t a r ia , th e  use o f  p a r a ff in  as an embedding medium 

proved r e l ia b le  in  a l l  ca se s  excep t fo r  l ip id  h is to ch em istr y  which 

n e c e s s ita te d  the use o f  fr esh  t i s s u e .  A ll o f  th e  h is t o lo g ic a l  work 

was done usin g  Johansen's quadruple s t a in  and th e  h isto ch em ica l work 

was done u sin g  standard rea g en ts  s p e c i f i c  fo r  th e  d esired  compounds to  

be s ta in e d .

The study showed th a t th ere  are two sep a ra te  s e c r e to r y  stru c tu res  

p resen t on th e  stem s, le a v e s ,  and flo w ers  o f  th e catn ip  p la n t . The 

la r g e r  o f  th e  two s tr u c tu r e s  i s  a g lan d  composed o f a b a sa l c e l l ,  a 

s ta lk  c e l l ,  and a s e c r e to r y  capitulum  composed o f  four c e l l s  surrounded 

by a ra ised  c u t ic le  form ing a c u t ic u la r  b lad d er. The second stru ctu re  

i s  th e g land u lar h a ir  a lso  having b a sa l and s ta lk  c e l l s  but having a 

capitu lum  composed o f  on ly  two c e l l s .  The development from a s in g le  

protoderm al c e l l  to  th e  tw o -c e lle d  capitulum  s ta g e  proceeds id e n t ic a l ly  

in  both s tr u c tu r e s , th e  gland then p roceed in g  one d iv is io n  more form

in g  th e  fo u r -c e l le d  cap itu lum . The sequency o f  development was found 

to  c o n s is t  o f  a primary p e r ic l in a l  d iv is io n  o f  a protoderm al c e l l  y i e l d 

in g  th e  two c e l l  s ta g e .  The second p e r ic l in a l  d iv is io n  occurred in  

th e  most d i s t i l  o f  th e  two c e l l s  form ing a t h r e e - c e l l  s ta g e  c o n s is t in g  

o f  th e  b asa l c e l l ,  s ta lk  c e l l  and capitulum  i n i t i a l  c e l l .  The g land u lar
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h a ir  was found to  undergo one a n t ic l in a l  d iv is io n  to  form th e  two- 

c e l le d  capitu lum . The gland was found to  undergo two a n t ic l in a l  

d iv is io n s  t o  form th e  fo u r -c e l le d  capitu lum .

H istoch em ical s tu d ie s  were done fo r  th e  presence o f  carbohydrates, 

p r o te in s ,  p e c t in ,  and l ip id s .  Changes in  th e ir  presence as p la n ts  

matured from th e p r e -se c r e to r y  to  th e  se c r e to r y  sta g e  were n oted . 

Carbohydrate p r o te in  and p e c t in s  were a l l  found p resen t in  both p r e -  

se c r e to r y  and se c r e to r y  s tr u c tu r e s  w ith  no n o t ic e a b le  changes in  

amounts w ith  m atu r ity . The p resence o f  l ip id s  was on ly  noted  in  th e  

c u t ic le  in  both age-grotfps and in  th e  c u t ic u la r  b ladder o f  th e  s e c r e 

to ry  p la n ts .  No l ip id s  were found in  th e b lad d er o f  p r e -se c r e to r y  

p la n t s .

With the a id  o f  an e le c tr o n  microprobe X-ray an alyzer scann ing  

m icroscope a stu d y was made o f  th e  s e c r e to r y  str u c tu r es  in  regard to  

d is t r ib u t io n a l  p a ttern s  and th e  c u t ic u la r  b lad d er morphology. I t  was 

found th a t both  glands and g land u lar h a ir s  occur on the lea v es  and 

stems w ith no apparent con cen tra tio n  in  any p a r t ic u la r  area , e . g . ,  

along v e in s .  While both s tr u c tu r es  were found to  be p resen t on th e  

flo w er  se p a ls  and p e t a ls ,  th ere  were many more o f  both str u c tu r es  on 

th e  s e p a ls .  They were d en sely  covered w ith g land u lar h a ir s  and g la n d s. 

The c o r o lla  tube was found to  be t o t a l l y  devoid  o f  any trichom es on 

th e  ab axia l su r fa ce  w h ile  th ere  are many s t e r i l e  h a irs and a few glands 

and g lan d u lar h a ir s  s c a t te r e d  over th e  ad ax ia l su rface and down in to  

th e tu b e. The gland capitulum  o f  se c r e to r y  p la n ts  was found to  h ave , 

a t h igh  m a g n ifica tio n , sm all b od ies th a t  could be p o res , These 

s tr u c tu r e s  were not found on p r e -se c r e to r y  gland ca p itu la .

Attempts were made to  study th e  u ltr a s tr u c tu r e  o f  th e s e c r e to r y
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s tr u c tu r e s  and observe changes in  th e  cytoplasm  as m aturity  was a ch iev 

ed . However, due to  problems in vo lved  w ith  embedding th e  m a ter ia l in  

r e s in ,  no good r e s u lt s  were ach ieved .
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