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ac t iv i ty  of PGE2 ~6, which  in t u r n  migh t  faci l i tate  the  
immigra t ion  of PlVIN due to  the  leukotac t ie  s t imulus  of 
PGE117, is and E 219. 

To t es t  th is  assumpt ion ,  t he  degree of vascular  pe rmea-  
bi l i ty  and  the  resul t ing accumula t ion  of p la sma  con- 
s t i t uen t s  was assayed using P V P  (~slj) ~0. As m a y  be seen 
in Figure 2, a more  t h a n  10-fold increase in vascular  
pe rmeabi l i ty  was observed in the  non-drugged  animals  
2 h af ter  u ra te  inject ion,  whi ls t  in t he  colchic ine- t rea ted  
animals  the  m a x i m a l  increase in vascular  pe rmeab i l i t y  
a m o u n t e d  to  only 3 t imes  the  contro l  values  and  was 
observed no t  earlier t h a n  3 h af ter  u ra te  inject ion.  
Correspondingly  the  accumula t ion  of p la sma  const i t -  
uen ts  in the  jo in t  fluid was smal ler  and  appeared  la ter  
in the  drugged t h a n  in the  non-drugged  animals.  Never-  
theless, in b o t h  groups PMN invas ion  followed PG- 
release and  increased vascular  permeabi l i ty ,  whi ls t  the  
PG 's  d i sappear  when  vascular  pe rmeab i l i t y  reaches its 
peak.  

In  conclusion, it  can be s t a t ed  t h a t  P M N  do no t  
release s ignif icant  amo u n t s  of P G E  2 or P G F  2 in the  
jo in t  fluid in our model  of acute  in f lammat ion .  They  
could release these  PG ' s  while be ing t r a p p e d  in the  vessel 
wall before reaching the  jo in t  fluid. However ,  th is  appears  
unlikely because it implies t h a t  the  P M N  stop releasing 
PG's  when  they  reach the  jo in t  fluid and s t a r t  phagocyt iz -  
ing, a mechan i sm which  is assumed to  lead to cell break-  
age, enzyme  release and  PG ' s  synthes is  5, 7. I n s t ead  we 
propose  the  t h r o m b o c y t e s  as a more  l ikely source of 
PG ' s  in acute  in f lammat ion .  These cells appear  early 
enough in the  jo in t  fluid 9, t hey  are well known to  release 
P G E  2 and PGF221 and  in all expe r imen t s  re la t ing  PG- 
syn thes i s  in acute  i n f l ammat ion  wi th  PMN, t h r o m b o c y t e s  
(or platelets)  were also p resen t  4-7. In  add i t ion  it should be 
men t ioned  t h a t  the  effect of colchicine on PMN invasion 
and  on the  vascula ture  response  to i n f l ammat ion  is well 
compat ib le  w i th  the  known  impac t  Io th is  drug  on micro- 
tubules  ~,23. 
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Fig. 2. Time course of changes in vascular permeability and oedema 
as measured with the PVP (1~1j) method20. PVP (131j) (rate constant 
of elimination, k, in chicken = 0.1) was injected i.v. (10 [xCi/kg) in 
chickens (2 kg weight) either 30 rain before joint washes were per- 
formed or at zero time simultaneously with the intratarsal administra- 
tion of urate crystals (details see Figure 1). At the times given, joint 
washes were performed with each animal and venous blood was 
obtained. The ratio epm (per ml joint wash) to cpm (per ml blood) 
were taken as measure of the degree of vascular permeability during 
the preceding 30 rain when PVP (191j) was given 30 rain before (a), 
or as a correlate of oedema when PVP (131j) was given simultane- 
ously with the urate crystals (h). The results are given for the urate 
injected joints of � 9  e, non-drugged and G---Q, eolehieine-treated 
animals (3 mg/kg, 3 h before urate injection). The ratios obtained 
from the saline-injected joints (not given in the figure) never ex- 
ceeded 0.05. Each point in the figure represents a mean of 3 or more 
experiments. 

Zusammen/c~ssung. Bei einer akutei1 En~zt indung 
wurde  der  zeit l iche VerlauI  der Pros tag landinf re i se tzung ,  
Granu lozy tene inwanderung  und  Gef~Lsspermeabilit~Lt ver-  
Iolgt. Die h6chs ten  P ro s t ag l an d i n k o n zen t r a t i o n en  wurden  
vor  der E i n w a n d e r u n g  von  Granulozy ten  und  vor  einer 
mass iven  Steigerung der Gef&sspermeabilit/~t beobach te t .  
Dieser Befund  spr ich t  gegen die Behaup tung ,  dass 
Granulozy ten  wesent l ich  an der  Fre i se tzung  yon Pros ta -  
g landin  bete i l ig t  s ind 24. 
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E t h y l e n e  as  a P l a n t  H o r m o n e  a nd  A n a e s t h e t i c  

E t h y l e n e  is now well es tabi ished as a na tu ra l ly  occuring 
p lan t  ho rmone  1. Because the  f i rs t  effects of appl ied  
e thy lene  to  be discovered were inhib i t ions  of p lan t  g rowth  
which d i sappeared  on removal  of t he  e thy lene  2, it  
became  general ly known  as a p l an t  ' anaes the t i c '  and  th is  
led LUCKHARDT and CARTX• 3 to  t e s t  and  d e m o n s t r a t e  i ts  
t rue  anaes the t ic  effect  on animals.  The ac t ion  of e thy lene  

in p lan ts  occurs a t  much  lower concen t ra t ions  t h a n  in 
animals,  for example,  the  s t imula t ion  of s t em elongat ion 
in Callitriche platycarpa by e thy lene  is s a tu ra t ed  at  
i nl m1-1 (ref. ~) while the  alveolar  concen t ra t ion  of 
e thy lene  requi red  for surgical  levels in m a n  is 67 • 10 ~ ni 
m1-1 (ref. 5, t h o u g h  no m e a s u r e m e n t  has  been  made  of the  
concen t ra t ion  at  i ts  site of action).  Also, e thy lene  is by  



1260 Specialia EXPERIENTIA 30/11 

far the  mos t  act ive hyd roca rbon  in effecting pIant  growth,  
for example,  it comple te ly  inhibi ts  the  e longat ion of 
e t io la ted pea s tems  at  a concen t ra t ion  (1 nl ml  -~) a t  least  
100 t imes  lower t h a n  any  re la ted c o m p o u n d s t  

However ,  we still  know litt le~about e thy lene ' s  mode  of 
ac t ion in p lan ts  and  how this  is re la ted to its effects on 
animal  nervous  tissue. 

In  animal  systems,  anaes the t ics  are t h o u g h t  to dissolve 
in the  l ipid phase  of the  cell m e m b r a n e  and cause it to  
expand  7, s. This  expans ion  can be an tagonized  by  apply ing  
high pressure  wi th  the  result  t h a t  the  physiological  effects 
of the  anaes the t ic  are reversed 9 ~. We  have  inves t iga ted  
whe the r  hyperbar ic  pressures  can reverse the  s t imu la to ry  
effect of e thy lene  on the  g rowth  of Callitriche platycarpa 4 
and the  inh ib i to ry  effect  of e thy lene  on the  elongat ion of 
e t io la ted  pea p lan ts  6 (P i sum sa t ivum vat .  Meteor). 

Table I. Effect of ethylene and pressure on Callitriche stem elongation 

Treatment Growth 
(% of control) 

Control 100 4- 14 
Ethylene (100 nl/m1-1) 190 4- 45 
Pressure (120 atmospheres) 200 4- 40 
Ethylene + pressure (as above) 180 4- 32 

The data represent the mean of 3 separate experiments using 2-6 
plants per treatment, 4- 95% confidence limits. Control plants grew 
from 2 em to approx. 3.5 em in 24 h and the growth of treated plants 
is expressed as percent of control. 

Table II. Effect of anaesthetics on Callitriche growth 

Treatment Growth 
(% of control) 

Control I00 4- 34 
Ethylene (100 nl/ml -I) 240 4- 27 
Ethylene (12 PSI) 240 4- 49 
Cyclopropane (15 PSI) 0 
Cyclopropane (15 PSI) -t- pressure (80 arm.) 0 
Nitrous oxide (80 PSI) 110 4- 20 
Nitrous oxide (80 PSI) -t- pressure (90 atm.) 180 4- 45 

Callitriche plan ts  were cut  to  2 cm s tem length  including 
the  apical rose t te  and  f loated on ha l f - s t r eng th  Hoag land  
solut ion in 25 ml  beakers.  Seeds of Pisurn sat ivum var. 
Meteor were p l an t ed  in 25 ml  beakers  and grown in the  
da rk  for seven days  a t  25~ Beakers  con ta in ing  the  
p lan ts  were placed in 300 ml cylindrical  stainless steel 
pressure  vessels w i th  pe r spex  lids which were f lushed 
wi th  100% O~ for 1-2 rain. The e thylene  concen t ra t ion  
was then  raised to approx.  100 nl m1-1 and the  pressure  
increased f rom a m b i e n t  to var ious  pressures  up to  120 
a tmospheres  w i th  99.9~ he l ium (Air P roduc t s  Ltd. ,  
Derby  Road,  E d m o n t o n ,  U.K.) .  Control  vessels con ta ined  
beakers  of 0.25 M mercur ic  perchlora te  in 2.0 M perchloric  
acid to absorb e thy lene  and  in the  exper imen t s  wi th  pea  
seedlings (carried out  in the  dark) K O H  pellets  were used 
to  absorb  CO 2. E x p e r i m e n t s  were run  for app rox ima te ly  
24 h. 

Table  I gives the  resul ts  of the  appl ica t ion  of 120 
a tmosphe res  pressure  and 100 nlm1-1 of e thy lene  to  
Callitriche. The high pressure  did no t  vis ibly damage  the  
plants ,  and did no t  reverse the  s t imula to ry  effect of 
e thylene  on s tem elongation.  F u r t h e r  expe r imen t s  using 
17, 33, and 67 a tmospheres  in combina t ion  wi th  100 nl 
m1-1 e thy lene  also showed no reversal  of the  e thy lene  
effect. Similarly appl ica t ion  of 120 a tmospheres  did no t  
p r ev en t  the  inhib i t ion  of e t io la ted pea s tem growth  by  
100 nl m1-1 of e thylene  (Figure). 

I t  is ev iden t  f rom Table  I and the  Figure t h a t  120 
a tmospheres  of pressure  alone had  the  same effect  on 
Callitriche and peas  as e thylene.  I t  seems unl ikely t h a t  
pressure  alone would cause opposi te  effects ( s t imula tory  
and inh ib i to ry  respect ively)  in the  two  systems,  and we 
th ink  this  effect  is due ei ther  to con t amina t i on  of the  
he l ium wi th  e thylene  (about  0.01 nl m1-1 would be 
sufficient),  or to  a bui ld-up of endogenous  e thy lene  wi th in  
the  t issue caused by  the  reduced diffusion ra te  away f rom 
the  p lan t  surface in a compressed  a tmosphe re  4. Pres-  
surr izing p lan t s  m a y  well s t imula te  endogenous  e thylene  
produc t ion  as even hand l ing  pea p lan ts  can induce 
t e m p o r a r y  responses caused by  'wound '  e thy lene  ~a. 

Since there  was  no pressure  reversal  using ethylene,  we 
t r ied  to  ' anaes the t i ze '  Callitriche plan ts  wi th  a var ie ty  of 
other  anaes the t ics  (using concen t ra t ions  t h a t  block 
per iphera l  nerve fibres) to see if the i r  effects, if any, could 
be aItered by  pressures  t h a t  reverse the i r  ac t ion on nervous  
t issue (Table II).  Of the  anaes the t ics  t h a t  were no t  evi- 
den t ly  toxic,  cyc lopropane  (15 lb inch -~) inhib i ted  growth  
wi th  no visible damage,  bu t  the  inhib i t ion  was no t  

Readings are from 1 experiment, 4-6 plants were used for each 
treatment. Data calculated as in Table I. 

Effect of ethylene and pressure on elongation of etiolated pea stems. 
a) Control. b) Ethylene (100 nl ml-1), c) Pressure (120 atmospheres). 
d) Ethylene + pressure (as above). Intact plants were treated for 
24 h at 25 ~ Marked segments were 1 cm long at zero time. 
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reversed  b y  pressure.  E t h y l e n e  at  12 lb inch -u (80 • 104 nl 
ml -z) s t imula ted  g rowth  jus t  as 100 nl ml  t. Ni t rous  
oxide a t  80 lb inch -2 (ref. 14) was w i thou t  effect  and  the  
appl ica t ion  of 90 a tmosphe res  of pressure  mere ly  caused 
the  usual  g rowth  s t imula t ion .  

In  conclusion i t  seems t h a t  g rowth  6ffects caused in 
p lan t s  by  e thylene  are the  resul t  of a d i f fe rent  mode  of 
ac t ion f rom t h a t  involved in an imal  anaesthesia .  If  
e thy lene  acts  upon m e m b r a n e s  in plants ,  it  seems more  
likely t h a t  it  in te rac t s  wi th  p ro te in  receptors  ~5, ,6 r a the r  
t h a n  wi th  the  whole  lipid phase  of the  m e m b r a n e  ~6, ,v 
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R&umd. Nous avons tent6  d ' inverse r  les effets de 
l '6 thylgne sur la croissance des p lan tes  par  une press ion 
accrue, ainsi  qu ' i l  est  possible de le faire lorsque l%thyl~ne 
agi t  comme anesth6sique chez les an imaux.  Nous n ' avons  
d6couver t  aucun  renversement ,  ce qui impl ique  une 
diff6rence fondamenta le  ent re  la mode  d ' ac t ion  de 
l '6thyl~ne chez les a n i m a u x  et  chez les p lantes .  

R. F. IRVINE 18, S. H. ROTH 19 and A. MUSGRAVE 2o 

Agricultural Research Council, Unit o/ Developmental 
Botany, 781A Huntingdon Road, Cambridge CB3 0 D Y  
(England); and Department o/Pharmacology, 
South Parks Road, Oxford (England), 27 May 797,:/. 

D o p a m i n e  and Noradrenal ine  in the Sal ivary Glands and Brain of the Tick,  Boophilus 
microplus: Effect of Reserpine 

Sal ivary  secret ion has been recognized as the  major  
rou te  of w a t e r  excre t ion  in the  female ca t t le  t ick,  Boo- 
philus microplus 1. The mechan i sm by  which  sa l ivary  
secret ion is control led is therefore  of some in teres t  to those  
concerned wi th  the  des ign of acaricides. Recen t  s tudies  
have  revealed t h a t  the  sal ivary glands of ixodid t icks are 
i nne rva t ed  by  nerves  conta in ing  dense core granules 2. 
I t  is be ing increasingly real ized tha t ,  a l though  cholinergic 
agonists  such as p i locarpine  cause sa l ivary  secret ion in 
t icks ~ and  insects  3, these  agents  act  ind i rec t ly  a 5. I t  has, 
for example ,  been  shown t h a t  while  a n u m b e r  of organo- 
phosphorus  insect icides cause sa l ivary  secret ion in 
t?. microplus, secret ion can be blocked by  p r e - t r e a t m e n t  
w i t h  t he  ca techo lamine-dep le t ing  drug  reserpine  4. Adren-  
ergic agonis ts  are also known  to s t imula te  t ick  sa l ivary  
gland secre t ion bo th  in vivo and  in v i t ro  ~,5. There  is 
now good evidence t h a t  dopamine  is the  t r a n s m i t t e r  a t  a 

Dopamine and noradrenaline in the salivary glands and brain of the 
tick. Effect of reserpine 

SaIivary glands 

Control Reserpinized Decrease (%) 

Dopamine 0.74 4- 0.04 (5) ~ 0.18 (4) b 76 o 
Noradrenaline 0.45 -~ 0.11 (3) 0.07 ~= 0.00 (3) 85 ~ 

Brain 

n u mb er  of insect  sa l ivary glands  a, 6-~. I t  was therefore  of 
in te res t  to ascer ta in  whe the r  a ca techo lamine  was p resen t  
in the  sa l ivary  glands of the  t ick  as well. 

Fed  t icks  (BoophiIus microplus Caneslrini) were 
ob ta ined  f rom the  V~Tellcome Research  Laborator ies ,  
Beckhams tead ,  England .  Reserp in ized  t icks  received 
10 bd of physiological  solut ion conta in ing  10 mg/ml  
reserpine (Sigma Chemical  Co) .  Controls  received 
physiological  solut ion only. Af ter  14 h, sa l ivary glands and 
brains  were dissected out,  weighed and frozen on d ry  ice. 
Tissue f rom at  least  7 t icks  was requi red  for each assay. 
The frozen t issues were t h e n  assayed for dopamine  and 
noradrena l ine  by  an enzymat ic - rad iochemica l  t echn ique  ~0 
in which  bovine  l iver ca techol -o-methyl t ransfe rase  is 
used to cata lyse a l l -me thy l  t r ans fe r  f rom aH-S-adenosyl-  
me th ion ine  to dopamine  and  noradrenal ine .  The 3- 
m e t h o x y t y r a m i n e  and n o r m e t a n e p h r i n e  formed are 
separa ted  f rom the  reac t ion  mi x t u r e  by  organic ex t r ac t ion  
and f rom each other  by  paper  ch roma tography ,  aH-3- 
m e t h o x y t y r a m i n e  and  aH-norme tanephr ine  are e luted 
f rom the  c h r o m a t o g r a m  and the  r ad ioac t iv i ty  de t e rmined  
by  l iquid scint i l la t ion counting.  D o p a m i n  e and  noradren-  
aline are q u a n t i t a t e d  by  compar ison  wi th  s t anda rds  carr ied 
th rough  the  above procedure.  The results  for r i ck ' sa l ivary  
glands and bra in  are summar ized  in t he  Table.  

Sal ivary  glands and bra in  conta in  b o t h  dopamine  and  
noradrenal ine .  D o p ami n e  is the  major  ca techolamine  in 
the  sa l ivary  glands of the  t ick  as in o ther  inver tebra tes ,  

Control Reserpinized Decrease (%) 

Dopamine 0.32 4- 0.05 (4) 0.21 4- 0.11 (3) 34 N.S. 
NoradrenaIine 0.36 -L 0.21 (4) 0.22 ~: 0.04 (3) 39 N.S. 

Values shown are means ({zg/g 4- S.E.M., number of determinations 
in brackets) of determinations on salivary glands from at least 
7 ticks, b 2 of the 4 determinations were below the detection level of 
the assay (0.11 b~g/g). ~ p < 0.05; N.S., not significant. 
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