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24 Sprague-Dawley  male ra t s  of un i form age and 
weighing 266 :h 15 g were used. 12 of t he  an imals  were  
given 2 g of AMCA in wa te r  solut ion per  kg bodywe igh t  a 
day  in the i r  d r ink ing  wa te r  for 8 weeks. The animals,  
which  did no t  receive any  o ther  fluid, will ingly d rank  the  
solution.  12 ra t s  served as controls .  At  the  end of th is  
period,  the  ra t s  were killed and  the  hea r t s  immed ia t e ly  
r emoved  toge the r  w i th  the  large hea r t  vessels. The 
spec imens  were i m m e d i a t e l y  f rozen in l iquid ni t rogen.  
Cryos ta t  sect ions were placed in a p lane  th rough  the  
large vessels (aorta, a r ter ia  and  vena  pulmonal is)  im- 
med ia t e ly  af ter  the i r  origin in the  hea r t  ; o thers  in a p lane  
pass ing  t h rough  the  sulcus coronarius.  The sect ions were 
cut  8 Ixm th ick  and  collected on cleaned glass slides. 
4 slides wi th  6 sect ions on each were p repa red  for every  
sample.  The f ibr inolyt ic  ac t iv i ty  was de t e rmined  his to-  
chemical ly  wi th  t he  m e t h o d  of TODDa, as modif ied  and 
g raded  in a rb i t r a ry  uni ts  by  PANDOLFI6 

The resul ts  are given in the  Table. No s igni f icant  
differences were found  be tween the  ra t s  t r ea ted  wi th  
AMCA and  the  controls  of the  f ibr inolyt ic  ac t iv i ty  in the  
walls of the  large hea r t  vessels or of the  coronary  vessels. 
These f indings are compa t ib le  w i th  observa t ions  in organ 
cul ture  of veins in m e d i u m  wi th  an add i t ion  of AMCA. The 
ac t iva to r  con ten t  of these  vessel exp lan t s  did no t  differ 
f rom t h a t  of exp lan t s  cul tured  w i thou t  AMCA ( ~ S ~ D r ,  
to be publ ished) .  

Occurrence of m i c r o t h r o m b i  in the  glomeruli  ~-1~ has 
been repor ted  in some pa t i en t s  and a t h r o m b o t i c  s ta te  in 
one n dur ing  t r e a t m e n t  w i t h  EACA. B u t  in ex tens ive  

Fibrinolytic activity in the walI of the large heart vessels (aorta, art. 
and v. pulmonalis) and the coronary vessels of rats after treatment 
with AMCA 2 g/kg body weight a day for 2 weeks 

Groups Large heart vessels Coronary vessels 

AMCA 7.5 (6-8.5) 4.5 (2.0-6.0) 

Controls 6.0 (3.0-9.5) 4.25 (3.0-7,0) 

Arbitrary units. Median value and range. 

clinical invest igat ions ,  no increase in t h rombo t i c  com- 
pl ica t ions  has  occurred dur ing  such t r a e t m e n t  ~2-15 

In  the  previous  s tudy,  the  p o t e n t  f ibr inolyt ic  inh ib i to r  
AMCA was given in a large dose wi th  no effect  on the  
f ibr inolyt ic  ac t iva to r  co n t en t  in t he  vessel  wall. I n  
ag reemen t  wi th  t he  clinical experience,  the  results  thus  
argue against  AMCA, favour ing  the  deve lopmen t  of 
thrombosis .  

Zusammen/assung. R a t t e n  w u r d e n  mi t  hohen  Dosen 
des F ibr inolyse inhib i tors  T ranexamsgure  gefi~ttert. Die 
f ibr inolyt ische Ak t iv i tg t  der  grossen Herzgef/isse und  der  
Coronargef/~sse wurde  h i s tochemisch  un te r such t  und  mi t  
einer Kon t ro l lg ruppe  verglichen,  wobei  sich ergab, dass  
der  Gehal t  der  Gefgsswgnde an F ib r ino lyseak t iva to ren  
durch die Tranexams/ iure  n ich t  beeinf luss t  wurde.  
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Ciliary Action and Normal  Movement of Odorant 
Lepisosteus osseus 

The olfactory  receptors  of mos t  f ish are d i s t r ibu ted  on 
lamellae wi th in  the  nasal  capsule. Odoran t s  ord inar i ly  
reach the  o l fac tory  receptors  of f ish when  s t r eams  of 
wa te r  en te r  the  an te r ior  nares  and exi t  t h rough  the  poste-  
r ior  nares.  In  fish, th is  f low is normal ly  p roduced  by  
various combina t ions  of ac t ive  and passive mechan i sms  1. 

Since m o v e m e n t  of an odor/~nt wave- f ron t  across t he  
mucosa  m a y  be a re levan t  p a r a m e t e r  of o l fac tory  inpu t  e, 
i n fo rma t ion  concerning the  normal  m o v e m e n t  of odoran t  
wave  f ronts  would be useful to  those  s tudy ing  the  physio-  
logy of o l factory  s t imula t ion .  In  fish, flow pa t t e rn s  in the  
nasal  capsule have  been  s tud ied  only  in the  eel a. 

The  p re sen t  r epo r t  shows the  re la t ionsh ip  in t he  capsule 
be tween  flow p a t t e r n s  and  d i s t r ibu t ion  o5 receptors  on the  
lamellae of the  garfish,  Lepisosteus osseus. W e  suggest  t h a t  
ci l iary cur ren ts  are responsib le  for the  efficient del ivery  of 
odoran t  molecules to  the  o l fac tory  receptors ,  and  p r ev en t  
the  exis tence of an uns t i r red  layer  a long the  epi thel imn.  

Wavefronts in Garfish Nasal Capsule of 

Figure  1 i l lus t ra tes  the  left  nasal  capsule af ter  the  
dorsola tera l  wall has  been removed.  The lamellae are 
a t t a ch ed  to  the  capsule along the i r  media l  and  ven t ra l  
borders.  The nasal  capsule of the  garf ish has  no anci l lary 
p u m p i n g  s t ruc tures  such as are p resen t  in mos t  te leosts  1, 
and  flow is p roduced  by  act ion of cilia. In  a 0.75 m fish, 
the  capsular  vo lume (de te rmined  by  a para f f in -cas t ing  
procedure)  was 0.04 cm a, while t h a t  of a 1 m fish was 
0.065 cm 3. These volumes m a y  be over -es t imates  because 
of t issue shr inkage caused by  f ixa t ion  and t r e a t m e n t  
wi th  ho t  paraff in.  

1 H. KLEEREKOPER, Olfaction in Fishes (Indiana University Press, 
Bloomington 1969), p. 58. 

2 M. M. MOZELL and R. J. O'CoNr~ELL, J. Neurophysiol. 32, 51 
(1971). 
H. TEICmUAt,~N, Z. vergL Physiol. g2, 206 (1959). 
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The  flow p a t t e r n s  i nd i ca t ed  in F igure  1 were cons t ruc t -  
ed a) b y  app ly ing  t he  dye  s t r e ams  to t he  var ious  q u a d r a n t s  
of t he  an t e r io r  naris ,  whi le  measu r ing  t he  t i m e  an d  
loca t ion  of t h e i r  f i rs t  a p p e a r a n c e  a t  t he  pos te r ior  nar i s  in  
f ish h a v i n g  i n t ac t s  capsules  and  b) f rom obse rva t i o n s  of 

Fig. 1. Drawing of left nasal capsule of garfish, illustrating directions 
of water flow through the nasal capsule. Anterior is to the left, dorsal 
is upward. Linear dimensions of the capsule varied with size of fish. 

A) 

dye m o v e m e n t  in  f ish w i t h  a p o r t i o n  of t h e  capsu la r  wal l  
r emoved .  W a t e r  f low was obse rved  by  a l lowing a micro-  
d rop  of m e t h y l e n e  b lue  solut ion,  fo rmed  in f ron t  of a n  
an t e r i o r  naris ,  to  be  d r a w n  in to  t h e  nasa l  capsule  b y  t h e  
c i l iary  cu r r en t s  w i t h i n  t h e  capsule.  A dye s t r e a m  en te r ing  
t h e  a n t e r i o r  nar i s  t h r o u g h  i ts  a n t e r o - m e d i a l  q u a d r a n t  
t r a v e r s e d  a m u c h  longer  p a t h  p a s t  t h e  an t e r io r  l amel lae  
to  t h e  pos te r io r  nar i s  t h a n  dye  en t e r ing  a n y  o the r  qua-  
d r a n t  (Figure  1). Dye  en t e r i ng  o the r  q u a d r a n t s  of t he  
an t e r i o r  nar i s  passed  b e t w een  more  pos te r io r  lamellae.  
The  dye t a k i n g  t h e  longes t  p a t h  r equ i red  a p p r o x i m a t e l y  
twice  as long to  a p p e a r  a t  t h e  pos te r io r  na r i s  as t h a t  t a k i n g  
t h e  sho r t e s t  p a t h .  I n  d i f fe ren t  f ish t h e  t imes  were 3 to  
9 sec for t h e  long  p a t h  versus  2 to  5 sec for t h e  shor t  pa th .  
Physio logica l  cond i t ion  of t h e  f ish was also a var iab le .  

O b s e r v a t i o n  of dye  s t r e a m s  in p a r t i a l l y  opened  
capsules  showed t h a t ,  w h e n  a w a t e r  s t r e a m  a p p r o a c h e d  
t h e  surface  of a lamel la ,  i t  was  d r a w n  aga ins t  t h e  surface  
an d  prope l led  a long t h e  depress ions  t h a t  c o n t a i n  t h e  
receptors .  Therefore ,  t h e  ve loc i ty  of f low is g rea tes t  a long 
t h e  surface of t h e  lamellae .  To measu re  ve loc i ty  of dye  
f ron t s  across t h e  recep tor  surface  an d  to observe  f low 
pa t t e rn s ,  i n d i v i d u a l  lamel lae  were careful ly  r e m o v e d  f rom 
t h e  capsule  u n d e r  t h e  d issec t ion  microscope  a n d  t r ans -  
ferred to a d i sh  of garf i sh  R inge r  so lu t ion  ~. T h e  dye  
d rop le t  a p p a r a t u s  was t h e n  used to  p roduce  f ron t s  wh ich  
were obse rved  m o v i n g  across t h e  lamel la .  In  excised 
lamellae ,  t h e  ve loc i ty  of a dye f ron t  across t h e  l amel l a r  
face va r i ed  b e t w e e n  1.5 an d  2.9 m m / s e c  (average,  2.2 
mm/sec) .  A lamel la r  face would  t h e n  be  t r a v e r s e d  in 400-  
600 msec. 

Scann ing  e lec t ron  mic roscopy  an d  l igh t  mic roscopy  
show t h a t  t h e  cell t ypes  wh ich  cover  t h e  surface of t he  
lamel lae  an d  capsule  walls  are sepa ra t e ly  grouped,  
p r e s u m a b l y  accord ing  to  func t iona l  type .  Ceils h a v i n g  
mot i l e  cilia, t o g e t h e r  w i t h  mucus - sec re t ing  cells, are found  
l in ing  t h e  walls of t h e  capsule.  These  cell t ypes  are also 
found  a long t h e  l a t e ra l  an d  dorsa l  edges of t h e  lamellae,  as 
well  as on t h e  r idges of t h e  l amel la r  surface.  A p a t t e r n  of 
r idges  an d  depressions,  as shown  in t h e  s cann ing  e lec t ron  
m i c r o g r a p h  s in F igure  2A, is p r e s en t  on b o t h  sides of 
all t h e  lamel lae  in  t h e  nasa l  capsule.  Such  r idges also 

4 D. M. EASTON, Science 772, 952 (1971). 
5 R. BEUERMAN, prepared using unpublished technique to minimize 

tissue distortion. 

B) 

Fig. 2. A) SEM of single excised lamella, showing pattern of alternating ridges and depressions on the surface. Directions of flow are indicated 
by arrows. 13) Bodian silver stained cross section of 2 ridges and intervening depression of single lamella. Olfactory receptors are seen in the 
depression, while nuclei of non-sensory cells are seen on the ridges. Some mucous containing cells are also present. White bar represents 
20 [zm. 
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exis t  in t he  sea t r o u t  6. D i rec t ions  of f low across t he  lamel la r  
surfaces  are  i n d i c a t e d  b y  arrows.  A s i lve r - s ta ined  sect ion ! 
of r idges  a n d  a depress ion  (Figure  2]3) shows n u m e r o u s  
large cells c o n t a i n i n g  mucous  drople ts .  Some of these  
cells a p p e a r  to  h a v e  spi l led t h e i r  c o n t e n t s  on to  the  r idge 
surface.  WILSON an d  WESTERMA~r ~ r epo r t ed  t he  presence  
of m a n y  m u c o u s  cells of s imi la r  a p p e a r a n c e  in goldf ish 
o l fac to ry  lamellae .  I n  t he  l amel l a r  depressions,  t he  
r ecep to r  cells appea red  qu i te  n u m e r o u s  and  dense ly  
p a c k e d ;  r ecep to r  cells were no t  obse rved  on  t he  ridges.  
A s imi la r  loca l iza t ion  of r ecep tors  on  t he  nasa l  ep i the l i um 
recen t ly  has  been  r epo r t ed  in  t he  smo l t  a n d  sea t r o u t  s. 
F igure  2 t3 shows t h a t  t he re  are cells w i t h  cilia oil t he  
ridges.  The  mucus - sec re t ing  cells are no t  found  in t h e  
depress ions  on  t h e  lamellae,  b u t  t he  o l fac to ry  recep tors  
are c o n c e n t r a t e d  there .  

TEICHMAN a d e m o n s t r a t e d  t h a t  a v o l u m e  of w a t e r  
f lowing t h r o u g h  t he  nasa l  capsule  of t he  eel c i rcula tes  
pa s t  m a n y  lamel lae  consecut ive ly .  However ,  our  observa-  
t ions  show t h a t  in  t he  gar f i sh  a v o l u m e  of w a t e r  passes  
over  a lamel la ,  and  t h u s  over  the  r ecep to r  surface,  on ly  
once. 

Water forced by outside pressure through the nasal 
capsule would move most rapidly in the bulk solution and 
more slowly close to the surfaces ~. The rhythmic action of 
the cilia ensures that the hydrodynamic situation in fish 
nasal capsule is quite the reverse. We infer that the 
ciliary action, making for highest velocity of flow close 
to the surfaces, provides for efficient delivery of odorant 
to the receptors. 

Rdsumd. Le cours d'un courant d'eau produit par les 
cils dans la capsule nasale de Lepisosteus osseus est d~crit. 
Un certain volume d'eau ne passe sur l'6pithelium nasal 

q u ' u n e  seule fois a v a n t  de sor t i r  de la capsule,  une  
s i t u a t i o n  di f f~rente  de celle qu i  s ' obse rve  chez l 'angui l le .  
L ' e a u  effectue son pa rcour s  en 2 -9  see, selon la rou te  
su iv ie  ~ t r a v e r s  la cav i l6  e t  la cond i t i on  phys io log ique  
du  poisson.  Des cils sur  des lamel les  r6s6qu6es p r o d u i s e n t  

la surface  u n  6cou lement  d ' u n e  v i tesse  m o y e n n e  de 
2.2 m m  p a r  sec. 
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P h y s o s t i g m i n e  A t t e n u a t i o n  of Z lg -Tetrahydrocannabino l  Induced  H y p e r t h e r m i a  in Rats  

A d m i n i s t r a t i o n  of low doses of A 9 - t e t r a h y d r o c a n n a b i n o l  
(AO-THC) m a y  p roduce  h y p e r t h e r m i a  in rats1,  2. H y p o -  
t h e r m i a  appea r s  a f te r  h ighe r  doses 1-3. A s imi la r  dissocia- 
t ion  of t e m p e r a t u r e  effects is also r epo r t ed  for m o r p h i n e  4-e. 

A chol inergic  l ink  in cen t ra l  b o d y  t e m p e r a t u r e  regula-  
t i on  is impl ied  f rom e x p e r i m e n t s  showing  t h a t  when  
cen t r a l  chol inergic  t r a n s m i s s i o n  is blocked,  a rise in  
t e m p e r a t u r e  appea r s ;  t h e  oppos i te  effect  appea r s  a f t e r  
ace thy lcho l ine  (ACh) app l i ca t ion  v-s. T h a t  t he  m o r p h i n e -  
induced  h y p e r t h e r m i a  m a y  resu l t  f r om d imin i shed  ACh 
release has  ga ined  e x p e r i m e n t a l  s u p p o r t  s. P h y s o s t i g m i n e  
(0.1 mg/kg)  a t t e n u a t e d  m o r p h i n e - i n d u c e d  h y p e r t h e r m i a  
whereas  neos t i gmine  (0.08 mg/kg)  did  not .  Thus,  on ly  
t he  cen t r a l ly  ac t ive  es terase  i n h i b i t o r  exer ted  t he  a t t e n u -  
a t i n g  effect  6. 

This  f i nd ing  p r o m p t e d  us to  i nves t i ga t e  w h e t h e r  
p h y s o s t i g m i n e  would also a t t e n u a t e  T H C - i n d u c e d  h y p e r -  
t he rmia .  A d m i n i s t r a t i o n s  of equ imola r  doses of neo- 
s t igmine  would ind ica te  w h e t h e r  the  T H C  h y p e r t h e r m i a  
was of cen t r a l  or pe r iphe ra l  origin.  

Materials and methods. To answer  these  quest ions ,  male  
Sprague -Dawley  rats ,  we igh t ing  310-320 g, i nd i v idua l l y  
housed  w i t h  free access to  food and  water ,  were t r e a t e d  
w i t h  1.0 m g / k g  of AS-THC alone  or in  c o m b i n a t i o n  w i t h  
p h y s o s t i g m i n e  (0.1 a n d  0.2 mg/kg)  or neos t i gmine  (0.08 
a n d  0.16 mg/kg) .  T he  effects of t he  chol ine  es terase  
inh ib i to r s  a n d  t he  T H C  vehicle  w h e n  g iven  a lone were 
also assessed. T h e  drugs  were a d m i n i s t e r e d  in a b a l a n c e d  
order  accord ing  to  a L a t i n  square  des ign 1~ a n d  t h e  
t r e a t m e n t s  were spaced  5 days  apa r t .  The  effects of a 
m o d e r a t e  dose of m o r p h i n e  (2.5 mg/kg)  g iven  a lone  or  in  

c o m b i n a t i o n  w i t h  p h y s o s t i g m i n e  (0.1 or 0.2 mg/kg)  were 
also s tudied .  

W e  used 3 l a t i n  squares  (2 •  X5, F igure  A;  2 •  • 
Figure  ]3; 2 • 3 • 3, F igure  C) in order  to  min imize  t he  
n u m b e r  of in ject ions .  P h y s o s t i g m i n e  su lpha te ,  neo-  
s t igmine  bromide ,  and  m o r p h i n e  hydroc lo r ide  were 
dissolved in isotonic  saline,  whereas  Ag-THC was g iven  
as a suspens ion  of p ropy lene  glycol a n d  sal ine plus  
Tween-80.  Cont ro l  r a t s  received t he  T H C  vehicle.  The  
i.p. rou te  was used t h r o u g h o u t  a n d  t he  vo lume  in jec ted  
was 0.1 ml  pe r  100 g b o d y  weight .  I n  t h e  week  p receed ing  
t he  f i rs t  e x p e r i m e n t a l  session, t he  an ima l s  were sham-  
in jec ted  a n d  a c c u s t o m e d  to  t he  record ing  t echn ique .  

All  record ings  were pe r fo rmed  in a room v a r y i n g  be tween  
22-24~ in t e m p e r a t u r e .  The  rec ta l  t e m p e r a t u r e  was 
measu red  b y  a t h e r m i s t o r  rec ta l  probe,  in se r t ed  4 cm 
in to  t he  r ec tum,  Before  each  session 1 con t ro l  measure -  
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