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M e c h a n o r e c e p t o r s  on the A n ten n a  of the T o b a c c o  

A l t h o u g h  insec t  m e c h a n o r e c e p t o r s  a p p e a r  in m a n y  
diverse  forms,  t he  s imples t  appea r s  to  be  t he  sensi l la  
t r ichoidea .  These  s t r u c t u r e s  are  i n n e r v a t e d  b y  a s ingle 
b ipo l a r  n e u r o n  w i t h  t he  cell b o d y  j u s t  u n d e r  t he  cuticle.  
The  dend r i t i c  po r t i o n  of t h i s  n e u r o n a l  a r r a n g e m e n t  
genera l ly  t e r m i n a t e s  w i t h i n  t he  l u m e n  nea r  t he  base  of t he  
sensory  ha i r .  I n  some ins tances ,  t h e r e  m a y  be  t h r ee  neu-  
rons  t e r m i n a t i n g  in a single hair ,  one of wh ich  dendr i t i c -  
a l ly  t e r m i n a t e s  in to  a disc and  is mechanorecep t ive ,  
whi le  t he  o the r  two h a v e  a chem os ens o r y  func t i on  1. 

N u m e r o u s  func t ions  h a v e  been  sugges ted  for the  sen- 
silla t r ichoidea ,  some of which  inc lude  1 p ropr iocep to r s  in  
t h e  cockroach  leg ~; 2. sound  r ecep t ion  in locusts  3 ; 3. con-  
t a c t  chemorecep t i on  in tlies *, a n d  4. recep tors  for h u m i d i t y  
changes  in t h e  t se t se  flyS. 

P r e l i m i n a r y  s tud ies  h a v e  i n d i c a t e d  a lack of chemo-  
r ecep to r  f unc t i on  for t he  t r i cho id  sensi l la  on  a n t e n n a e  of 
t h e  male  tobacco  h o r n w o r m  m o t h ,  Manduca sexta. I n  
v iew of t h i s  i n io rma t i on ,  these  sensi l la  were t h e n  inves-  
t i g a t e d  for t h e i r  m e c h a n o r e c e p t i v e  qual i t ies .  Only  ma le  
m o t h s  were used for th i s  s t u d y  because  female  a n t e n n a e  
are r e l a t i v e l y  vo id  of a n y  large sensory  setae.  

Method. I so l a t ed  h e a d  p r e p a r a t i o n s  of ma le  t obacco  
h o r n w o r m  m o t h s  were securely  f a s t ened  to  a pa ra f f in  
m o u n t i n g  b lock  b y  m e a n s  of 2 d issec t ing  needles.  The  
pa r i e t a l  a rea  of t he  head  cut ic le  was  r e m o v e d  a n d  pha -  
ryngea l  p u m p  muscles  cu t  away.  All  a n t e n n a l  m u s c u l a t u r e  
was  severed,  l eav ing  on ly  t h e  a n t e n n a l  ne rve  as the  p r i m -  
a ry  connec t ion .  

Af fe ren t  responses  were r ecorded  b y  m e a n s  of a hook  
s ta in less  s teel  e lec t rode  in c o n t a c t  w i t h  t he  a n t e n n a l  nerve .  
The  ind i f fe ren t  e lect rode was p l aced  in  t he  c o n t r a l a t e r a l  
eye, whi le  t he  g round  was p laced  in t h e  head  muscu la tu re .  
T h e  a n t e n n a l  ne rve  be t w een  t he  r ecord ing  e lec t rode  a n d  
t h e  d e u t o c e r e b r u m  was severed  to  e l i m i n a t e  a n y  possible  
e f fe ren t  ac t iv i ty .  

The  a n t e n n a  of t h e  ma le  t obacco  h o r n w o r m  m o t h  is 
a p p r o x i m a t e l y  'key  hole '  in  cross sec t ion  w i t h  2 rows of 
h a i r  sensi l la  on  2 of t he  3 sides. A V-shaped  fork was 
fo rmed  f rom fine wire and  sized so as to  engage these  ha i r s  
as t he  fork  was m o v e d  a long  t h e  a n t e n n a .  T he  t ip  of t he  
a n t e n n a  was w a x e d  to  a wire  loop holder ,  s t a t i o n e d  in t he  
wax  m o u n t i n g  block.  The  a n t e n n a  was  t h u s  m a i n t a i n e d  in 
a n  e x t e n d e d  posi t ion,  p e r m i t t i n g  ti le wire  fo rm to  displace 
t he  ha i r s  in  se lected areas  a long i ts  l ength :  T he  fork was 
a t t a c h e d  to  a 4 inch  h i g h  compl i ance  loudspeake r  b y  
m e a n s  of a p las t i c  cross piece c e m e n t e d  to  t he  speaker  
cone. The  a p p a r a t u s  was m o u n t e d  on  a m e c h a n i c a l  s tage  
to p e r m i t  c o n v e n i e n t  pos i t ion ing  w i t h  respec t  to  the  m o t h  
a n t e n n a .  

H o r n w o r m  Moth  (Manduca sexta) 
St imu lus  was a d m i n i s t e r e d  b y  feeding a square  wave  

s ignal  f rom a Grass  $4 s t i m u l a t o r  to  the  speaker .  B y  
a d j u s t i n g  t h e  vo l t age  a n d  t i m e  base  of t he  signal,  a 
s t imu lus  h a v i n g  t he  des i red  m a g n i t u d e  and  d u r a t i o n  could 
be  p r o g r a m m e d .  The  s ignal  to  t he  speaker  was pa ra l l e led  
to t h e  lower t r ace  of t he  oscilloscope to p rov ide  a s t imu lus  
a r t i fac t .  

The  ha i r  sensi l la  on  one a n t e n n a l  s egmen t  were d isp laced  
d i s ta l ly  fol lowed b y  a n  equa l  p r o x i m a l  d i sp lacement .  Tile 
v e l o c i t y  of d i s p l a c e m e n t  was  5.4 mm/sec .  

The  oscil loscope was o p e r a t e d  a t  a sweep speed of 
0.2 sec /cm a n d  sens i t i v i t y  of 1 mV/cm.  I n  some cases, re- 
sponse  t r aces  were supe r imposed  to  s t u d y  fo rm a n d  
cons i s t ency  of i n t e r sp ike  in te rva l .  A 3 ra in  t i m e  i n t e rva l  
was  m a i n t a i n e d  be tween  successive s t imul i  in t h i s  s tudy .  

A n t e n n a l  s egmen t s  for h is to logical  e x a m i n a t i o n  were  
f ixed in s i tu  in  cold (4~ 4 %  g lu t a r a ldehyde  so lu t ion  
buf fe red  to a p H  7.4 w i t h  s-coll idine buffer  6, r. The  t i ssue  
was  t h e n  excised a n d  p laced  in a b e a k e r  c o n t a i n i n g  t h e  
cold buf fe red  f ixa t ive  for 2 to  3 h. Af ter  f ixa t ion,  t h e  
m a t e r i a l  was  t r a n s f e r r e d  to  s-coll idine buffer  a t  4~ for a 
pe r iod  fo 12 h. D e h y d r a t i o n  was car r ied  ou t  t h r o u g h  solu- 
t ions  of m e t h y l  cellusolve,  me thano l ,  e thanol ,  p r o p a n o l  
a n d  e m b e d d e d  in 2 - h y d r o x y m e t h y l m e t h a c r y l a t e .  Sec t ions  
were cu t  a t  2 p.m w i t h  a s teel  knife,  m o u n t e d  a n d  s t a ined  
w i t h  acid fuchs in  a n d  m e t h y l e n e  blue. 

Results (s t ruc tura l ) .  The  difference in ex t e rna l  morpho l -  
ogies b e t w e e n  a n t e n n a e  of ma le  and  female  h o r n w o r m  
m o t h s  is s t r i k ing  (Figure  1). The  ma le  a n t e n n a  ha s  t he  
shape  of a key  'ho le '  in  cross sec t ion  and  is a l igned  w i t h  
2 d i s t i nc t  rows of sensi l la  t r i cho idea  on  2 of t he  3 sides. 
These  sensi l la  form a n  arc as t h e y  m e e t  a t  t h e i r  d i s t a l  
ex t remi t i es .  B e t w e e n  these  large sensory  hairs ,  a d d i t i o n a l  
smal le r  sensi l la  (s. chae t ica ,  s. basiconica)  are found.  The  
female  a n t e n n a  is genera l ly  sho r t e r  and  c i rcular  in  cross 
sect ion.  I t  does no t  possess a n y  of t he  larger  s. t r i c h o i d e a  
n o t e d  in t he  male,  b u t  on ly  se tae  closely appressed  to t h e  
a n t e n n a l  surface.  
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The t r ichoid  sensilla are i nne rva t ed  by at  least  i b ipolar  
neuron,  in w h i c h  the  dendr i t e  t ip  is capped by  a scolopale 
cell (Figure 2). The lefigth of the  scolopale is app rox im-  
a te ly  5 ~m wi th  a m a x i m u m  wid th  a t  the  m i d p o i n t  of 
app rox im a te ly  1.5/xm. P e n e t r a t i n g  th rough  the  scolopale 
t ip  are 2 dendr i t i c  ex tens ions  which t e rmina t e  on the  inner  
wall  of the  sensil lum. 3 pairs  of d i la t ions  appea r  a long the  
modif ied  dendr i t i c  t e rmina l  which m a y  be s imilar  to  the  
ciliary di la t ions  in the  t y m p a n i c  scolopidium of the  locust  s. 
Similar fea tures  were recognized in the  dendr i t e s  innerva t -  
ing tact i le  hairs  in cer ta in  lep idoptera  caterpi l lars  (Pieris  
rapae) 9. The dis ta l  2 pa i r  of th ickenings  were referred 
to  as the  ' epa iss i ssement  sur les cretes par ie ta les '  and  the  
p rox imal  pai r  as 'po in ts  sensoriels '  9. 

The axonal  p ro t ion  of th is  cell ex tends  p rox ima l ly  and 
aggregates  w i th  axons  f rom o ther  neurons  which  toge the r  
form the  2 main  an t enna l  nerves.  

Func t iona l  s tudy.  The leng th  of an t enna l  s egmen t  in 
the  zone of s t imula t ion  was  app rox ima te ly  0.25 m m  and 
conta ined  120 tact i le  hairs.  Whi le  mos t  of these  hairs  were 
s t imula ted  wi th  the  V-shaped  fork, the  degree of t rans-  
verse d i sp lacemen t  for each hai r  varied.  This  in fo rmat ion  
should be considered when  examin ing  the  t races  in 
Figures  3 and 4. 

The response  in Figure 3 is to  a dis ta l  and p rox imal  
hair  d i sp lacemen t  of 1 an t enna l  segment .  Figure 4 shows 
3 super imposed  t races  in response  to the  same def lec t ing 
d is tance  n c t e d  in Figure 3. Al though  the  response  (Figure 

�9 4) did no t  comple te ly  coincide, the  corre la t ion of inter-  
spike in terval  shown by  3 super imposed  t races  is some- 

w h a t  consis tent .  The f irs t  2 groups  of spike po ten t ia l s  
indicate  a r a the r  h igh degree of synchron iza t ion  while the  
remain ing  spikes va ry  somewhat .  Similar  f indings of 
co inc ident ra l  po ten t i a l s  to  consecut ive  s t imul i  were 
observed  when  the  an t en n a l  pedicel  of the  blowfly,  
Calliphora, was mechanica l ly  d i s tu rbed  10. 

The monophas ic  po ten t i a l s  were posi t ive,  ranging  in 
amp l i t ude  f rom 0.3 to  1.0 mV, and  usual ly  pers is ted  
s o m e w h a t  af ter  cessat ion of the  s t imulus.  At  the  onset  of 
s t imulus,  there  was a s l ight  difference in t he  n u mb er  of 
spikes over  the  first  70 msec. These spikes showed rap id  
a d a p t a t i o n  which  deve loped  af ter  100 msec. The var ia t ion  
no ted  in spike amp l i t ude  is pe rhaps  due to a n u m b e r  of 
uni ts  s imul taneous ly  firing. The la tency  of spike discharge 
was 0.2 msec which corresponds  to  l a tency  figures in 
o the r  mechanorecep to r s  n-13. A s l ight  'off '  effect  was 
no ted  in F igure  3 a n d  in one of the  t races  in Figure  4. This  
por t ion  of the  response  was no t  cons i s ten t ly  no ted  
t h r o u g h o u t  the  s tudy .  
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Fig. 1. Photograph illustrating the different 
morphology existing between antennae of 
male and female tobacco hornworm moths. 
• 

Fig. 2. Longitudinal section illustrating the 
innervation of the sensiUa trichoidae. Note the 
modified dendrite (d), and its modifications 
(dt) as it leaves the scolopale (Sc) to attach to 
the inner wall of the sensilla. • 4500. 

Fig. 3. Deflection response of male antennal 
hairs (s. trichoidea) to transverse displacement. 

Fig. 4. Three superimposed responses to the 
same transverse displacement as in Figure 3. 
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Discussion. The mechanorecep t ive  funct ion  of the tr i-  
choid sensilla on the  male  tobacco h o r n w o r m  m o t h  is 
suggested by  : 1. i nne rva t ion  by  at  least  one bipolar  neuron,  
2. dendr i t ic  d is ta l  processes ( terminal  f i lament)  a t t ached  
to  the  ha i r  inner  wall, 3. nerve  response  to  t r ansverse  
d i sp lacement  of tact i le  hairs  and 4. a l a tency  of 0.2 msec 
which  is s imilar  to l a tency  figures found in earl ier  me- 
chanorecep t ive  s tudies  n - l a  

A cer ta in  degree of hai r  d i sp lacement  is a p p a r e n t l y  
required to  ob ta in  a measurab le  response.  Micro-displace- 
m e n t  of the  hairs  by  somc energy a t  various f requencies  
in the  Her t z  and  k i lo-Her tz  range ( in tens i ty  level of 80 
decibles), failed to  elicit a response  when recording from 
the  an t enna l  nerves  or cervical  connect ives .  

The cont inu ing  a d a p t a t i o n  shown in response  to  the  
distal  and p rox imal  m o v e m e n t s  of the  s t imula t ing  fork 
does no t  show a cor responding  spike r h y t h m  when the  
direct ion of s t imula t ion  is reversed (i.e. p rox imal  move-  
ment ) .  This m i g h t  be expla ined  by  the  hairs  no t  r e tu rn ing  
to  the i r  ini t ial  res t ing  posi t ion in t ime  for a d i sp lacemen t  
f rom the  reverse direct ion.  Such unel ic i ted m o v e m e n t s  
migh t  d i s rup t  any  s imi lar i ty  in spike r h y t h m  to the init ial  
d i rec t ion  of d isp lacement .  

Based on the  theo ry  p roposed  for funct ion  of hai r  cells 
in the  lateral  line canal  organ, di rect ional  sens i t iv i ty  is 
appa ren t l y  lacking for the  t r ichoid  sensilla in Manduca ~4. 
Theoret ical ly ,  a d i sp lacemen t  of stereocil ia in one d i rec t ion  
caused a depolar izat ion,  followed by  a hyperpo la r iza t ion  
when  the  cilia were s t imula ted  in the reverse direct ion.  
The da t a  from th is  s t u d y  indicate  only a depolar iz ing 
response  regardless  of s t imulus  d i rec t ion  which  cont inual ly  
adap t s  a f te r  a period of 100 msec. This lack of d i rec t ional  
sens i t iv i ty  thus  m a y  be expla ined by  the  radial  s y m m e t r y  
which  exis ts  in the  cut icular  hai r  jo in t  1~. 

The nerve  impulses  in th i s  s tudy  were recorded ex t ra -  
cellularly f rom the  an t enna l  nerve  as posi t ive going re- 
sponses.  A similar  observa t ion  was no ted  while recording 
from the  leg nerve  of the  blowfly. Ano the r  mechano-  
receptor  s tudy  also showed posi t ive going spikes super-  
imposed  on a negat ive  going receptor  potent ia l ,  while 

recording f rom the  cut  chemosensory  hai r  on the  label lum 
of Phormia 16. This p h e n o m e n o n  was expla ined by  the  
pressure  from the  fluid filled electrode against  the  m e m -  
b rane  which separa tes  the  distal  process  of the  receptor  
f rom the  lumen of tl~e hair.  Such a recording s i tua t ion  is 
a p p a r e n t l y  responsible  for the  posi t ive  going spikes. Since 
the  me t h o d  of recording was d i f ferent  in this  s tudy,  the  
above exp lana t ion  does no t  seem appropr ia te .  In t race l lu la r  
recordings  will have  to  be accompl ished in Mandua  to 
de te rmine  if the  cr i ter ia  for posi t ive spikes are m e t  1~. 

F rom the  obvious mechanorecep t ive  quali t ies of these  
an tenna l  hairs,  it is conceivable  t h a t  these  sensilla m a y  
serve as air speed indicators .  The poss ibi l i ty  of a reflex 
in i t i a ted  a t  these antennal hairs  (by air  speed velocities) 
w i th  subsequen t  e f ferent  ac t iv i t ies  in a descending  pa th -  
way  should be inves t iga ted  is 

Rdsumd. Des 6tudes s t ruc tura les  fonct ionel les  sugg~rent  
une  fonct ion m6chanor6cept ive  pour  le S. t r ichoidea  sur 
l ' an t enne  de la phal~ne Manduca sexta. Les soles de ses 
an t ennes  sont  innerv6es par  un seul neurone bipolaire,  
dans  lequel la den t r i t e  est  couronn6e par  une cellule sco- 
lopale. Les pointes  posit ives don t  l ' ampl i tude  va r i en t  on t  
6t6 enregistr6es sur le nerf  an t enna l  avec d6p lacement  
t r ansversa l  des soles antennales .  
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E f f e c t s  o f  C M H  o n  G r o w t h  a n d  A l k a l o i d  F o r m a t i o n  

More recent ly ,  some h y d r a z o n i u m  salts  are the  novel  
group of the  g rowth  regulators ,  such as ST, N-Dimethy l (2 -  
ch lo roe thy l ) -hydrazon ium chloride (CMH), N , N - D i m e -  
thy l - (2 -b romoe thy l ) -hydrazon ium bromide  (BMH), N, 
N-Dime thy l - i sop ropy l -hyd razon ium bromide  (IMHL and  
N , N - D i m e t h y l - a l l y l - h y d r a z o n i u m  chloride (AMH). These 
der iva t ives  of h y d r a z o n i u m  could cause a reduc t ion  in a 
n u m b e r  of p l an t s  in longi tudina l  g rowth  1, 2. On the  o the r  
hand,  using CMH under  various condi t ions  resul ted  in a 
s f imula to ry  effect  on s t em length  and  dry  m a t t e r  p rod u c t  
of whea t  p lan t s  while t he  inver tase  and amylase  ac t iv i ty  
showed the same tendency~,  4. Moreover,  minera ls  and 
p igmen t  con ten t s  of w h e a t  p lan t s  increased by  using the  
CMHK Whereas  t r ea t ing  soyabean  p lan ts  wi th  CMH and  
CCC in doses of 50-400 p p m  a t  two  different  g rowth  s tages 
d id  no t  affect  the  con t en t  of N-fract ions and oil con t en t  
ill the  seeds of t r ea ted  p lan t s ;  ye t  some t r e a t m e n t s  led to 
s l ight  increases  in to ta l  c a rbohydra t e s  6 No in fo rma t ion  is 
recorded on the  influence of CMH upon  medicinal  plants .  
The inves t iga t ion  p resen ted  here was made  to  discover  
how far the  g rowth  and t ropane  alkaloids syn thes i s  in 
Datura metel L. have  been influenced by CMH. 

o f  Datura  m e t e l  L. 

Uniform size seedlings of Datura metel L. (45 days  old) 
were t r ansp l an t ed  on 10th May 1971 individual ly  into 7.5- 
inch pots  using Nile-Sil t  of loamy soil, supp l imented  wi th  
5 g a m m o n i u m  sulphate ,  2.5 g supe rphospha te  and 1.5 g 
po tas s ium sulphate .  The d i f ferent  concen t ra t ions  of CMH 
used (0, 1000. 2000 and 4000 p p m  in wa te r  solution) were 
sp rayed  by  a small  pressure  p u m p  at  a ra te  oi 10 ml per 
p lant .  CMH used was 46 ~o solut ion obta ined  f rom BASF,  
L imburge r  Hot,  W. Germany ,  to w h o m  the  au thor  is very  
indebted .  The p lan ts  received two sprays  a t  3 and 5 weeks 
in terva ls  af ter  t r ansp lan t ing .  21 pots  were used wi th  3 
repl icates  for each concen t ra t ion  of CMH as well as con- 
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