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somes  ~8,14 a n d  m i t o c h o n d r i a  ~5,1% Recen t ly ,  se leni te  has  
been  r e p o r t e d  to  r eac t  w i t h  g l u t a t h i o n e  fo rming  seleno- 
i n t e rmed ia t e s ,  such  as se leno-persul f ide  a n d  - t r isul f ide  1~. 
T h u s  a s e l eno - in t e r m ed i a t e  m a y  fac i l i t a te  t h e  t r a n s f e r  of 
e lec t rons  f rom g l u t a t h i o n e  to  m e t h e m o g l o b i n ,  caus ing  
r e d u c t i o n  of t he  la t te r .  
W e  found  t h a t  t he  m e a n  se len ium level  in  r a t  p l a s m a  was 
3.45 • 10 -6 M. T h u s  t h e  acce le ra t ion  of m e t h e m o g l o b i n  
r e d u c t i o n  b y  se l en ium m a y  be  a phys io log ica l  p h e n o m -  
enon.  The  ox ida t i ve  d a m a g e  of h e m o g l o b i n  obse rved  in 
s e l en ium def ic ien t  an i m a l s  m a y  also be  due  to lack of 
s e l en ium-ca t a lyzed  r e d u c t i o n  of m e t h e m o g l o b i n  as well  
as def ic iency of g l u t a t h i o n e  peroxidase .  
F r o m  in v i t ro  s tud ies  in t h e  absence  of se lenium,  Sco t t  
e t  al. is e s t i m a t e d  t h a t  m e t h e m o g l o b i n  r e d u c t i o n  b y  
g l u t a t h i o n e  r ep re sen t s  13% of t he  t o t a l  r educ t ion .  How-  

ever,  our  d a t a  suggests  t h a t  u n d e r  phys io logica l  condi-  
t ions ,  t h e  c a p a c i t y  of g l u t a t h i o n e  to reduce  m e t h e m o -  
g lobin  in t he  p resence  of se l en ium m a y  be  g rea t e r  t h a n  
this .  

13 R.F.  Burk, A. M. Mackinnon and F. R. Simon, Biochem. Bio- 
phys. Res. Comnmn. 56, 431 (1974). 

14 R.F. Burk and B. S. S. Masters, Arehs Bioehem. Biophys. 170, 
124 (1975). 

15 O.A. Levander, V. C. Morris and D. J. Higgs, Biochemistry 12, 
4586 (1973). 

16 O.A. Levander, V. C. Morris and D. J. Higgs, Biochemistry 12, 
4591 (1973). 

17 H.E.  Ganther, Biochemistry 10, 4089 (1971). 
18 E.M. Scott, I. W. Duncan and V. Ekstrand, J. biol. Chem. 2gO, 

481 (1965). 
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Summary. The  presence  of a n  agg rega t ion  p h e r o m o n e  ha s  b e e n  d e m o n s t r a t e d  for  t h e  f i rs t  t i m e  in ind igenous  A u s t r a l i a n  
t icks .  F i l t e r  p a p e r  discs exposed  to  e i t he r  A u s t r a l i a n  pa ra lys i s  t i cks  Ixodes  ho locyc lus  or e c h i d n a  t i cks  A p o n o m m a  
concolor  showed  in te r - sex  or i n t r a - s ex  a t t r a c t i o n  for t i cks  of t h e i r  own  species. N y m p h a l  exuv iae  of Ap.  concolor  were  
h i g h l y  a t t r a c t i v e  to  a d u l t  t icks.  Discs  were s ign i f i can t ly  a t t r a c t i v e  to  I. ho locyclus  a t  d i s t ances  up  to  80 cm. 

A n  agg rega t i on  p h e r o m o n e  h a s  been  d e m o n s t r a t e d  in 
a rgas id  t i cks  a-5, in  a n  ixod id  t i ck  6 a n d  sex p h e r o m o n e s  
in a n u m b e r  of ixod id  t i ck  spec ies~-% A m b l y o m m a  
a m e r i c a n u m  a n d  A. m a c u l a t u m  5,7, Dermacel l tOr  va r i a -  
bil is a n d  D. andersoniT,  lo, males  are  a t t r a c t e d  b y  pher -  
omones  secre ted  b y  females  whi le  A. m a c u l a t u m  Ie- 
malesS, 9 a n d  A. h e b r a e u m  n y m p h s  ~ a re  a t t r a c t e d  to  se- 
c re t ions  of a t t a c h e d  males .  T h e  p r inc ipa l  hos t s  of t he  
pa ra lys i s  t ick ,  Ixodes  holocyclus ,  are  3 species of b a n d i -  
coot  11 (omnivorous  m a r s u p i a l s  - Pe rame le s  n a s u t a ,  
I soodon  obesu lus  a n d  I. mac rourus )  b u t  i t  a t t a c h e s  to  a 
large  n u m b e r  of hos t s  inc lud ing  ca t t l e  a n d  domes t i c  pets ,  
caus ing  pa ra lys i s  a n d  some fa ta l i t ies .  T he  e c h i d n a  t ick ,  
A p o n o m m a  concolor,  appea r s  to  be  found  on ly  on  t h e  
2 e c h i d n a  11 species ( m o n o t r e m e s  - Tachyg lossus  aculea-  
t u s  a n d  T. setosus)  a n d  i ts  effect  on t h e  h o s t  is u n k n o w n .  
B o t h  t i cks  are  a l m o s t  c e r t a i n l y  conf ined  to  Aus t ra l i a .  

Materials and methods. 1. Gene ra l  aggrega t ion .  Tes t s  were  
ca r r ied  o u t  us ing  un fed  t icks  b y  t he  ' pe t r i -d i sh '  m e t h o d  
essen t i a l ly  as desc r ibed  b y  L e a h y  e t  al. s, e x c e p t  t h a t  in  
some expe r imen t s ,  4 sec tors  were used i n s t ead  of 8. 
I .  ho locyc lus  t i cks  were h u m i d i f i e d  d u r i n g  t e s t s  b y  a t -  
t a c h i n g  a m o i s t e n e d  f i l ter  p a p e r  ins ide  t h e  l id a n d  il lu- 
m i n a t i n g  a r t i f i ca l ly  b u t  Ap. concolor  t i cks  were n e i t h e r  
h u m i d i f i e d  n o r  i l l u m i n a t e d %  F i l t e r  p a p e r  discs were 
he ld  w i t h  a d u l t  I. ho locyc lus  13 for  e i t he r  7 days  a f t e r  
ecdysis,  or b e t w e e n  days  7-21 or 42-63  a f t e r  ecdysis,  a n d  
t h e n  a s sayed  as cen t res  of agg rega t ion  w i t h  t icks  aged 7, 
21 or 63 days  respec t ive ly .  Discs were also he ld  w i t h  
a d u l t  Ap. concolor  13 b e t w e e n  days  36-42, d a y s  70-126,  
days  166-168 or days  231-238 a f t e r  ecdysis  a n d  assayed  
w i t h  t i cks  aged 42, 126, 168 or 238 days  respec t ive ly .  I n  
add i t ion ,  assays  of sa l ine  e x t r a c t e d  discs 14 a n d  of n y m -  
p h a l  exuv iae  were m a d e  for  Ap. concolor .  Signif icance 
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Fig. 1. Aggregation of unfed male or female ticks at discs previously treated by exposure to other ticks of the same.age (approximately 20 
ticks per test), a I. holocyclus (7 days post ecdysis), b Ap. concolor (42 days post ecdysis). 
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of  d i s t r i b u t i o n  i n  t h e  t r e a t e d  a n d  u n t r e a t e d  a r e a s  w a s  
t e s t e d  b y  c h i - s q u a r e  w i t h  1 d f  a s s u m i n g  t h a t  1/8 o r  1/~ of  
t h e  t i c k s  ( a c c o r d i n g  t o  t h e  n u m b e r  of  s ec to r s )  m a y  be  
p r e s e n t  b y  c h a n c e  in  e a c h  s ec t o r .  
2. D i s t a n c e  t e s t .  M a l e  a n d  f e m a l e  I.  h o l o e y c l u s  a g e d  
4 2 - 5 6  d a y s  a n d  Ap .  c o n c o l o r  f e m a l e s ,  a g e d  238 d a y s  ~a, 
w e r e  d i s t a n c e  t e s t e d  in  t h e  d a r k  b y  i n t r o d u c i n g  2 0 - 2 5  
t i c k s  c e n t r a l l y  i n t o  a h o r i z o n t a l  i c m  d i a m e t e r  p l a s t i c  
a n d  g l a s s  e x t e n s i b l e  t u b e  c l o sed  off  a t  o n e  e n d  b y  e i t h e r  a 
b l a n k  o r  t r e a t e d  d i sc  c o n t a c t e d  b y  t i c k s  for  7 d a y s .  

Table 1. Percentage aggregation in 15 cm petri-dishes* of unfed, 
unmated ticks on filter paper discs (4 cm 2 area) contacted by con- 
specific ticks of that  age (approximately 20 tick. per test) 

Assay 
I. holocyclus Ap. concolor 
Age: 
7 21 63 42 126 
(days post ecdysis) (days post eedysis) 

168 

to~  40 80 25** 75 74 15"* 
to~ 64 10"* 29 82 78 25** 
to~ 45 67 55 82 45 -*** 
to~  83 35 10 '*  80 40** -*** 

*Method similar to that  of Leahy et al. a. **The number  aggregated 
not  statistically significant (Z~'] "test)'L~ ***Not tested. 

Table 2. Percentage of exposed female ticks of each species moving 
towards and aggregating at discs in plastic and glass extensible* 
tubes 

I. holocyclus 
Distance (em) 

10 20 60 
Percent aggregated 

Ap. eoneolor 
Distance (era) 

80 10 20 40 
Percent aggregated 

On disc 92 86 95 82 90 85 47** 
In  disc end of tube 92 93 100 97 90 95 71"* 

Discs treated by contact with female ticks, over a range of distances, 
after 24 h exposure (20 ticks per test). *Varying lengths of glass 
tubing inserted into plastic centre piece. **The number  aggregated 
not  statistically significant (Z~l]-test). 

Results  and discussion. S t a t i s t i c a l l y  s i g n i f i c a n t  a g g r e g a -  
t i o n  (p < 0.05) a t  t r e a t e d  b u t  n o t  u n t r e a t e d  d i s c s  
o c c u r r e d  b o t h  w i t h i n  a n d  b e t w e e n  s e x e s  a n d  a n  a p p a r e n t  
p l a t e a u  w a s  r e a c h e d  a f t e r  150 m i n  for  b o t h  s p e c i e s  ( f i gu re s  
l a  a n d  l b ) ;  i t  s e e m s  l i k e l y  t h a t  b o t h  s p e c i e s  l i b e r a t e  
a g g r e g a t i o n  p h e r o m o n e s .  P e a k  I .  h o l o c y c l u s  a g g r e g a t i o n  
o c c u r r e d  e i t h e r  a t  7 o r  21 d a y s ,  t e n d i n g  t o  d e c l i n e  a f t e r  
21 d a y s  ( t ab l e  1). A g g r e g a t i o n  of  Ap .  c o n c o l o r  w a s  
m a i n t a i n e d  a t  a s i m i l a r  l eve l  f r o m  42 to  126 d a y s  fo r  
t e s t s  of  w i t h i n  s e x e s  a t t r a c t i o n  w h i l e  i t  d e c l i n e d  m a r k e d l y  
b e t w e e n  s e x e s  b u t  b y  168 d a y s  a l l  r e s p o n s e s  h a d  a p p a r e n t -  
l y  d e c l i n e d  m a r k e d l y .  T h i s  m a y  h a v e  b e e n  d u e  t o  t h e  s h o r t  
p r i o r  e x p o s u r e  of  d i sc s  to  t i c k s  b e c a u s e  t h e  t i c k s  r e m a i n e d  
a c t i v e  a n d  w e r e  r e s p o n s i v e  u p  t o  238 d a y s  in  t h e  s h o r t  
d i s t a n c e  t e s t s .  N e i t h e r  t h e  I.  h o l o c y c l u s  n o r  t h e  A p .  
c o n c o l o r  a s s a y s  d i s t i n g u i s h e d  b e t w e e n  t h e  e f f ec t s  o v e r  
t i m e  of d e c l i n i n g  s e c r e t i o n  of  t h e  p h e r o m o n e  a n d  d e c l i n i n g  
r e s p o n s i v e n e s s .  T h e  s i g n i f i c a n t  a g g r e g a t i o n  of  Ap .  c o n -  
co lo r  a t  d i s c s  t r e a t e d  w i t h  s a l i n e  e x t r a c t s  of  t i c k -  

1 New South Wales Department  of Agriculture, Cattle Tick 
Research Station, Wollongbar, N.S.W., 2480. 

2 Our thanks to Mr I. J. Lewis, Director, Cattle Tick Research 
Station, for initiating the s tudy  of possible pheromones in 
I. holocyelus, and for his continued encouragement throughout.  

3 M.G.  Leatly, R. Vandehey and R. Galun, Nature, Lond. 246, 
515 (1973). 

4 M . G .  Leaby, G. Karuhize, C. Mango and R. Galun, J. med. 
Ent.  12 284 (1975). 

5 M.G .  Leahy, S. Sternberg, C. Mango and R. Galun, J. med. 
Ent.  72, 413 (1975). 

6 Y. Reehav, G. B. Whitehead and M. M. Knight,  Nature, Lond. 
259, 563 (1976). 

7 R . S .  Berger, J. Dukes and Y. Chow, J. med. Ent.  8, 84 (1971). 
8 W. Gladney, Nature, Lond. 232, 401 (1971). 
9 W . J .  Gladney, R. Grabbe, S. Ernst  and D. Dehler, J. med. Ent.  

11, 303 (1974). 
10 D . E .  Sonensbine, R. Silverstein, E. Layton and P. Homsber, 

J. med. Ent.  11,307 (1974). 
11 F. H. S. Roberts, in: Australian Ticks. CSIRO, Melbourne 

1970. 
12 I. holocyclus ticks are very sensitive to desiccation while Ap. 

concolor are relatively inactive in daylight. 
13 Tile difference in ages was due to the initial experiments being 

conducted independently. Ap. concolor appears to have a much  
greater longevity than  I. holoeyclus. 

14 4-6 discs were soaked in 1 ml of 1% NaC1 solution for 24 h and 
the extract reapplied to fresh discs. 

15 These ticks were derived from the original batch which was the 
only one available for use throughout this series of experiments 
but  remained active at this advance age. 
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Fig. 2. Aggregation of unfed male or female Ap. concolor at discs 
treated with saline extracts of discs previously exposed to female 
ticks. Ticks (20 per test) were 35 days post eedysis. 
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Fig. 3. Aggregation of female Ap. coneolor at nymphal  exuviae. 
Ticks (20 per test) were 35 days post ecdysis. 
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c o n t a c t e d  discs (figure 2) was  s imi la r  to  agg rega t ion  a t  
t h e  or ig ina l  discs, d e m o n s t r a t i n g  t h a t  p h e r o m o n e  can  be  
successful ly  e x t r a c t e d  in  th i s  m e d i u m .  This  is in  a g r e e m e n t  
w i t h  f ind ings  for  Argas  pers icus  3. 
H i g h l y  s ign i f i can t  aggrega t ion  of female  Ap. eoncolor  on  
n y m p h a l  exuv iae  of t h a t  species (p < 0.001) occur red  
w i t h i n  30 m i n  (figures 3 a n d  4), and  far  exceeded  t h e  
level  of agg rega t ion  ach i eved  w i t h  t i c k - c o n t a c t e d  discs 
ove r  t he  same  period,  a l t h o u g h  t h e  f ina l  agg rega t ion  
ach ieved  w i t h  t h e  disc assays  was  s imilar .  I t  is no t  k n o w n  
w h e t h e r  t h e  exuv iae  r e p r e s e n t e d  a more  c o n c e n t r a t e d  
source of p h e r o m o n e  t h a n  the  discs, or w h e t h e r  t he  more  
r ap id  aggrega t ion  was  due  to  a d i f fe ren t  p h e r o m o n e .  
F e m a l e - c o n t a c t e d  discs p roduced  s igni f icant  aggrega t ion  
of female  t icks  of I. ho locvc lus  a n d  Ap.  concolor  a t  

d i s t ances  up  to  80 cm a n d  40 c m  respec t ive ly  ( table  2). 
Aggrega t ion  u n d e r  n a t u r a l  cond i t ions  m a y  ass is t  b o t h  
species in  t h e i r  h o s t  seeking  success. I n  t he  case of I. 
holocyclus,  where  c o p u l a t i o n  be tween  unfed  adu l t s  h a s  
been  r e p o r t e d  16 and  where,  p r e s u m a b l y ,  of f -hos t  m a t i n g  
m a y  occur  u n d e r  n a t u r a l  condi t ions ,  aggrega t ion  of ma les  
a n d  females  could be  an  i m p o r t a n t  f ac to r  in  t he  fer t i l iza-  
t i on  of females.  The  a t t r a c t i o n  of n y m p h a l  cut icles  for 
adu l t s  of Ap. concolor  would  c e r t a i n l y  in tens i fy  t he  
aggrega t ion .  However ,  t he re  is no  i n f o r m a t i o n  ava i l ab le  
of t h e  local  d i s t r i b u t i o n  of adu l t s  of e i t he r  species in  a n  
in fes ted  site. 

16 D.F.  Moorehouse, J. med. Ent. 3, 168 (1966). 

N a t r i u r e s i s  after  w a t e r  l o a d i n g  in ra t s  b e a r i n g  t r a n s p l a n t s  of pars  i n t e r m e d i a  
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Summary. Af te r  w a t e r  loading,  r a t s  b e a r i n g  ocular  g ra f t s  of t he  pars  i n t e r m e d i a  of t he  p i t u i t a r y  showed  t h a t  t he  
c o n t e n t  of s o d i u m  increased  in ur ine,  whe reas  p o t a s s i u m  exc re t ion  a n d  diuresis  d id  n o t  v a r y  s ignif icat ively .  These  
resu l t s  sugges t  t h a t  in  t h e  r a t  t he  pa r s  i n t e r m e d i a  is i n v o l v e d  in  t he  r egu la t i on  of t he  e lec t ro ly te  me tabo l i sm.  

Orias  a n d  M c C a n n  *,3 showed  t h a t  na t r i u r e s i s  rose in  
w a t e r  loaded  r a t s  a f t e r  t h e  i n j ec t i on  of mela l iocy te -  
s t i m u l a t i n g  h o r m o n e  (MSH).  W h e t h e r  t h e  n a t r i u r e t i c  
effect  e l ic i ted b y  t h e  dose level  used  b y  these  a u t h o r s  
ev idenced  a n  a c t u a l  ' phys io log ica l '  response,  or w h e t h e r  
i t  shou ld  be  ass igned to  a ' pha rmaco log i ca l '  one, is a 
p o i n t  u n d e r  d iscuss ion since l i t t l e  is k n o w n  on  t h e  ab i l i t y  
of t h e  pa r s  i n t e r m e d i a  to  secre te  M S H  a t  levels s imi la r  to  
t he  ones  r e ached  in  b lood  a f t e r  t h e  exogenous  t r e a t m e n t .  
Moreover ,  t h e  ques t i on  r e m a i n s  if t h e  h o r m o n e  secre ted  
b y  t h e  r a t  p i t u i t a r y  could evoke  a n a t r i u r e t i c  response  in 
i t s  own  species. 
IZastili  a n d  Ross  4 were  t h e  f i rs t  to  Show in r a t s  w h a t  is 
n o w a d a y s  a well  accep ted  fac t  t h a t  t he  pa r s  i n t e r m e d i a  
d i s connec t ed  f rom t h e  h y p o t h a l a m u s  oversecre tes  M S t t .  
Th i s  o b s e r v a t i o n  al lows us to  des ign  a s imple  mode l  for  
o b t a i n i n g  an ima l s  w i t h  e o n t i l m o u s  h i g h  levels of circu-  
l a t i ng  e n d o g e n o u s  MSH,  offer ing a c o n d i t i o n  useful  for  
c la r i fy ing  t h e  p rob lem.  
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Urine sodium excretion in grafted and control rats. Values are the 
mean of 5 rats. Dotted bars eorrespond to grafted animals and clear 
bars to controls, p-values are at the top of each bar. 

Materials and methods. Male S p r a g u e - D a w l e y  r a t s  weigh-  
ing 250-260 g a t  t h e  m o m e n t  of t h e  t r a n s p l a n t a t i o n  were 
used. One n e u r o i l i t e r m e d i a t e  lobe pe r  r ecep to r  a n i m a l  
was  g ra f t ed  in to  t h e  a n t e r i o r  c h a m b e r  of t he  r i g h t  eye, 
accord ing  to  t he  t e c h n i q u e  of Olson alld Malmfors  5. 
Donor s  were  r a t s  of t h e  same age a n d  sex. Af t e r  70 days  
t h e  g ra f t s  were obse rved  u n d e r  a s t e reomicroscope  a n d  
those  r a t s  showing  h e a l t h y ,  well g rowing  t r a n s p l a n t s  
were selected t o g e t h e r  w i t h  a n  equa l  n u m b e r  of s h a m  
o p e r a t e d  an imals .  F r o m  the  m o m e n t  of t r a n s p l a n t a t i o n  to  
t h e  comple t i on  of t he  s tudies ,  t h e  r a t s  were  m a i n t a i n e d  
in  a p h o t o p e r i o d  of 12 h of d a r k n e s s  a n d  12 h of i l lumi-  
na t i on ,  a t  a t e m p e r a t u r e  19-21 ~ 
5 g ra f t ed  r a t s  a n d  5 con t ro l s  were p laced  i n d i v i d u a l l y  in  
m e t a b o l i c  cages a n d  a t  t h e  t i m e  of t h e  e x p e r i m e n t  (09.00 
a.m.) t h e  r a t s  were g iven  b y  s t o m a c h  t u b e  10 ml  t a p  
water .  1 h l a t e r  t h e y  rece ived  a second gavage  of t he  same  
vo lume.  U r i n e  was  col lected for  2 h f rom t h e  m o m e n t  of 
t h e  second w a t e r  loading.  Af t e r  t h e  v o l u m e  was measu red ,  
sod ium a n d  p o t a s s i u m  c o n t e n t  was  e s t i m a t e d  b y  f l ame  
s p e c t r o p h o t o m e t r y  a n d  expressed  as ~xEq of ca t ion  ex-  
cre t ion.  D u r i n g  u r ine  col lec t ion t h e  an ima l s  were de-  
p r ived  of w a t e r  a n d  food in take .  
Af t e r  c o m p l e t i o n  of t h e  expe r imen t ,  t he  r a t s  were  de-  
c a p i t a t e d  a n d  b lood  col lected in hepa r in i zed  tubes .  P l a s m a  
was o b t a i n e d  a f t e r  c e n t r i f u g a t i o n  a n d  i t  was  d i lu t ed  2 : 1 
w i t h  dis t i l led  water .  P l a s m a  M S H  a c t i v i t y  was  t e s t e d  in 
t h i s  ma te r i a l ,  s e m i q u a n t i t a t i v e l y ,  us ing  skins  of t h e  t o a d  
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