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The  i nco rpo ra t i on  of reserp ine  dif fered m a r k e d l y  f rom 
t h a t  of g u a n e t h i d i n e  in t h a t  i t  was  c o m p l e t e l y  i ndepend -  
e n t  of t e m p e r a t u r e ,  t h e  u p t a k e  b e i n g  a b o u t  t he  same  a t  
0.23 a n d  37°C. The  i n c o r p o r a t i o n  of g u a n e t h i d i n e  was  
t e m p e r a t u r e  d e p e n d e n t ,  be ing  10% a t  0°C a n d  35% a t  
23°C of t he  u p t a k e  a t  37°C. T h e  i n c o r p o r a t i o n  of n e i t h e r  
d rug  was i n h i b i t e d  b y  N a C N  a t  10 -5 M of F C C P  a t  
3 × 10 -6 M.  I n c u b a t i o n  of m a s t  cells w i t h  5 -HT a d d e d  
30 rain  before  t h e  a d d i t i o n  of r ese rp ine  d id  n o t  af fec t  t h e  
u p t a k e  of r e se rp ine  e v e n  a t  a 5 -HT c o n c e n t r a t i o n  of 
2 . 5 × 1 0  -~ M .  T h e  i n c o r p o r a t i o n  of g u a n e t h i d i n e  was  
r educed  to  a b o u t  50% of t h e  con t ro l  level  b y  5 -HT a t  
6 × 10 -" M a d d e d  15 m i n  before  t h e  a d d i t i o n  of g u a n e t h i -  
dine.  

The  in t r ace l lu l a r  loca t ion  of b o t h  d rugs  seems to  b e  
m a i n l y  g ranu la r ,  j u d g i n g  f rom t h e  a s say  of n u c l e a r  a n d  
g r a n u l a r  f r ac t ions  co l lec ted  as  desc r ibed  a b o v e  a f t e r  in-  
c u b a t i o n  w i t h  drugs.  T h e  p e r c e n t u a l  d i s t r i b u t i o n  of 5 -HT 
a n d  g u a n e t h i d i n e  a n d  5 - H T  a n d  rese rp ine  was  a l m o s t  
iden t ica l  (Tab le  I). T h e  subce l lu la r  loca t ion  of 5 -HT a n d  
h i s t a m i n e  is m a i n l y  g r a n u l a r  X~, 21, ~2. T a k i n g  5 - H T  as a 
g r a n u l a r  marke r ,  t h i s  leads  to  t h e  conc lus ion  t h a t  reser-  
p ine  a n d  g u a n e t h i d i n e  are  a l m o s t  exc lus ive ly  loca ted  in 
t he  a m i n e  s to r ing  g ranu les  in  m a s t  cells. 

B o t h  d r u g s  seem to  b e c o m e  i n c o r p o r a t e d  in to  m a s t  
cells i n d e p e n d e n t l y  of each  o t h e r  s ince rese rp ine  a t  
5 X 10 -~ M did  n o t  a f fec t  t h e  u p t a k e  of g u a n e t h i d i n e .  
N e i t h e r  d id  g u a n e t h i d i n e  a t  5 × 10 -5 M affec t  t he  u p t a k e  
of reserp ine  (Table  II) .  

These  p r e l i m i n a r y  resu l t s  i n d i c a t i n g  i n c o r p o r a t i o n  of 
b o t h  drugs  in to  m a s t  ceils, where  t he  d rugs  b e c o m e  b o u n d  
to  t h e  a m i n e  s to r ing  gramules ,  are in  close co r r e spondence  
w i t h  ear l ier  o b s e r v a t i o n s  xs-x7 showing  t h a t  b o t h  d rugs  
t e s t ed  in te r fe re  w i t h  5 -HT k ine t i c s  in  m a s t  cells. E x p e r -  
i m e n t s  des igned  to  r evea l  t he  e x a c t  m e c h a n i s m s  u n d e r -  
ly ing  these  effects  a n d  to  e x p l a i n  t h e  dif ference in  a c t i o n  
of r ese rp ine  a n d  g u a n e t h i d i n e  on  5 - H T  k ine t i c s  in  m a s t  
cells a n d  s imple  n e u r o n a l  mode ls  a re  in  progress .  

Zusammen/assung. I so l ie r te  pe r i t onea l e  Mas tze l l en  
d e r  R a t t e  w u r d e n  in  K R G - P u f f e r  m i t  I~eserpin u n d  
G u a n e t h i d i n  i nkub ie r t .  Be ide  S u b s t a n z e n  s che inen  un-  
abh~ingig v o n e i n a n d e r  a u f g e n o m m e n  zu werden ,  d a  die  
gle ichzei t ige  I n k u b a t i o n  m i t  Rese rp in  u n d  G u a n e t h i d i n  die 
A u f n a h m e  i m  Verg le ich  m i t  den  K o n t r o l l e n  n i c h t  h e r a b -  
se tz t .  
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Hyperthermic Effect of Disodium Edetate Injected into the Lateral Cerebral Ventricle of the 
Unanesthet ized Cat 

FELDBERG et  al.1 r epo r t ed  t h a t  pe r fus ion  of phys io lo-  
gical NaC1 so lu t ion  t h r o u g h  t he  ce rebra l  v e n t r i c u l a r  
s y s t e m  of u n a n e s t h e t i z e d  ca t s  r e su l t ed  in t he  r a p i d  
d e v e l o p m e n t  of h i g h  fevers,  whe reas  b o d y  t e m p e r a t u r e  
was no t  a l t e red  if t he  so lu t ion  also c o n t a i n e d  a phys io logi -  
cal  c o n c e n t r a t i o n  of ca l c ium ion. A t a t e r  r e p o r t  s e x t e n d e d  
these  o b s e r v a t i o n s  to  t h e  u n a n e s t h e t i z e d  r a b b i t  a n d  also 
d e m o n s t r a t e d  t h a t  inc reas ing  ca l c ium ion c o n c e n t r a t i o n s  
a b o v e  those  n o r m a l l y  p r e s en t  in  ce reb rosp ina l  f lu id  (CSF) 
caused h y p o t h e r m i a  in  some  a n i m a l s  a n d  a n t a g o n i z e d  t he  
pyrogen ic  effect  of l enkocy t i c  pyrogen .  S imi l a r  effects  
h a v e  also been  p r o d u c e d  in u n a n e s t h e t i z e d  ca t s  b y  
per fus ion  in  t he  pos te r io r  h y p o t h a l a m u s  ~. No  c h a n g e  in  
t e m p e r a t u r e  was  p roduced ,  however ,  p r o v i d e d  t he  r e l a t i ve  
c o n c e n t r a t i o n s  of sod ium a n d  ca l c i um  ions in  t h e  per fus-  
ing  f luid were k e p t  t he  s a m e  as  t hose  in ex t r ace l lu l a r  
f luid.  T h e  a u t h o r s  sugges ted  t h a t  t h e  b a l a n c e  b e t w e e n  
s o d i u m  and  ca lc ium ions in  t h e  h y p o t h a l a m u s  m a y  be 
r e spons ib le  for  d e t e r m i n i n g  t h e  se t  p o i n t  of t h e  t h e r m o -  
r e g u l a t o r y  t h e r m o s t a t  ~-3 a n d  t h a t  py rogens  m a y  ac t  b y  
a l t e r i n g  t h i s  ba l ance  2. T he  pu rpose  of t h e  p r e s en t  exper i -  
m e n t s  was  to  d e t e r m i n e  the  effect  o n  b o d y  t e m p e r a t u r e  
of  ca l c ium ion b i n d i n g  in C S F  b y  t h e  c h e l a t i n g  a g e n t  
d i s o d i u m  e d e t a t e  (Na2EDTA).  

Methods and materials. Cats, we igh ing  b e t w e e n  2.4 a n d  
5.0 kg, were p r e p a r e d  w i t h  l a te ra l  ce rebra l  v e n t r i c u l a r  
eannu las ,  j u g u l a r  venous  ca the t e r s  and  r e t r o p e r i t o n e a l  
t h e r m o c o u p l e s  as in  p rev ious  e x p e r i m e n t s  4. B o d y  t e m p e r -  
a t u r e  was r ecorded  a u t o m a t i c a l l y  on a m u l t i p o i n t  recorder  
a t  i n t e r v a l s  of 3 m i n  d u r i n g  t he  1st h a f t e r  each  t e s t  
i n j e c t i o n  a n d  a t  leas t  eve ry  15 m i n  t h e r e a f t e r  u n t i l  
recovery .  The  a v e r a g e  of t e m p e r a t u r e  read ings  0, 15 a n d  
30 m i n  before  v e n t r i c u l a r  in j ec t ion  was used as t h e  

base l ine  f r o m  w h i c h  changes  were measured .  E n v i r o n -  
m e n t a l  t e m p e r a t u r e  was m a i n t a i n e d  a t  75 -t- 2 °F. 
V e n t r i c u l a r  in jec t ions  (all 0.10 m l  in  vo lume)  were m a d e  
a t  t h e  same  t i m e  of d a y  in each  cat ,  u sua l ly  a t  da i ly  
n t e r v a l s .  A n t i p y r e t i c s  were a d m i n i s t e r e d  i.v., 30 m i n  
before  v e n t r i c u l a r  in j ec t ions  of N a ~ E D T A ,  a n d  were  
f lushed  in w i t h  1.0 m l  of sa l ine  so lu t ion .  Cannu la s  a n d  
c a t h e t e r s  were  also f lushed  3-4  h before  tes ts .  A H a r v a r d  
syr inge  p u m p  was  used for i n lus ions  i n to  t h e  v e n t r i c u l a r  
cannu las ,  

Commerc ia l ,  n o n p y r o g e n i c  sa l ine  so lu t ion  was used Ior  
al l  so lut ions ,  con t ro l  in jec t ions  a n d  f lushes.  Al l  con ta ine r s ,  
sy r inges  a n d  needles  were e i t h e r  of  .the commerc ia l ,  
nonpyrogen ic ,  d i sposab le  t y p e  or  were  s ter i l ized in d r y  
h e a t  a t  ove r  200°C for a t  l eas t  2 h. S tock  so lu t ions  of  
N a ~ E D T A .  2H20  a n d  of ca l c ium d i s o d i m n  e d e t a t e  
(CaNa~EDTA) were s to red  a t  4°C un t i l  needed .  F r e s h  
so lu t ions  of s o d i u m ' s a l i c y l a t e  (100 mg/ml )  a n d  a c e t a m i -  
n o p h e n  (10 mg/ml )  w'ere p r e p a r e d  for each  in jec t ion .  

Results. Dose- re la t ed  h y p e r t h e r m i c  responses  were  
p roduced  b y  i n t r a v e n t r i c u l a r  in j ec t ions  of Na2EDTA.  
F igure  1 shows responses  to  va r ious  doses in  one  of t he  
cats .  A 200 ~g dose  was ef fec t ive  in al l  cats .  T r e m o r  of t h e  
ears usua l ly  deve loped  w i t h i n  30 sec, fol lowed b y  a f ine 
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t r emor  over  the  body and then  shiver ing beginning 3-5 
rain af ter  inject ion.  A rise in t empera tu re  was usual ly  
appa ren t  wi th in  3 rain. Cessation of shiver ing and devel-  
o p m e n t  of marked  t achypnea  (80-170 respirat ions/rain),  
wi th  or w i thou t  pant ing,  coincided wi th  a t t a i n m e n t  of 
m a x i m a l  hype r the rmia  and the  beginning of recovery.  
Recove ry  of body t empe ra tu r e  began abrupt ly ,  resul t ing 
in a character is t ic  spiking wi thou t  any apprec iab lep la teau  
phase. H y p e r t h e r m i a  was enhanced  and prolonged ei ther  
by repeated  inject ions at  the  t i m e  recovery  was beginning 
or by  infusion following a p r iming  injection.  An example  
is shown in Figure  2 in which the  responses of a ca t  to 
1, 2 and 3 successive inject ions of 200 Fg are plot ted.  
Te rmina t ion  of t he  rise af ter  single injections,  therefore,  
was apparen t ly  no t  due  to decreasing sens i t iv i ty  to t he  
drug  or  to  a t t a i n m e n t  of a m a x i m a l  response, bu t  ra ther  
to  t he  short  du ra t ion  of drug action.  Tolerance  to t he  
hype r the rmic  response did no t  deve lop  wi th  10 or  more  
dai ly  inject ions of a given dose of N a 2 E D T A  in the  3 cats  
so tested.  H y p e r t h e r m i a  was re la ted  nei ther  to the  ac id i ty  
of the  N a 2 E D T A  solutions (pH about  4.7) nor  to t he  
molecule  per  se, bu t  was appa ren t ly  due to its chela t ing  
action.  I n t r aven t r i cu l a r  inject ion of NaC1 solut ion adj ust- 
ed wi th  HC1 to p H  3.6 did no t  cause any  change in 
t empe ra tu r e  and nei ther  did inject ions  of up to 1 mg 
CaNa2EDTA,  which can not  chelate  calc ium ions. F igure  3 
shows the  means  and ranges of responses of 6 cats to 250 ~g 
Na~EDTA and to 1 mg  CaNa~EDTA. 1 m g / k g  Na~EDTA 
adminis te red  i,v. did not  a l te r  body  tempera ture .  

The  hype r the rmic  effect  of Na~EDTA was blocked by  
pen tobarb i t a l  anesthesia.  However ,  ne i ther  of the  ant i -  
pyret ics ,  ace taminophen  (10 or  25 mg/kg) and sodium 
sal icyla te  (40 or 100 mg/kg),  an tagonized  this  effect  of 
Na~EDTA.  

In  addi t ion  to  the  effects on the rmoregu la to ry  mecha-  
nisms, a n u m b e r  of behaviora l  and o ther  effects were 

observed following vent r icu lar  in jec t ion  of Na2EDTA.  
Af te r  single inject ions of the  lowest  doses, vocal izat ion.  
g rooming  and mydriasis  were observed.  Increased loco- 
moto r  ac t iv i ty ,  sa l iva t ion  and pi loereet ion were c o m m o n  
af ter  i n t e rmed ia t e  doses. Recove ry  f rom these effects 
coincided wi th  recovery  from hyper thermia .  "With stil l  
h igher  doses (up to 750 Fg), repea ted  inject ions  or infusions, 
the  effects were enhanced and associated wi th  increasing 
exc i tab i l i ty  and even convulsions,  leading to dea th  in 
1 animal .  Recove ry  wi th  these higher  doses was prolonged 
wi th  evidence of sympa the t i c  s t imulat ion,  hyperexc i ta -  
b i l i ty  and aggressive behav ior  tast ing for 2-3 days.  

Discussion.  I t  has  been shown t h a t  a l te ra t ions  in body  
t empera tu re  of unanes the t ized  animals  can be p roduced  
by perfusing the  cerebral  ven t r i cu ta r  sys tem or  the  poste-  
r ior  h y p o t h a l a m u s w i t h  solutions conta in ingunphys io logic  
sodium to ca lc ium ion rat ios  ~-3. The  results  of the  present  
exper iments  wi th  Na~EDTA are compat ib le  wi th  the  
prev ious  observat ions  t h a t  increasing the  sodium to  
calc ium ion concent ra t ion  rat io  causes hyper the rmia .  
Na~EDTA,  which reduces the  ava i lab i l i ty  of ca lc ium ions, 
caused rapid  d e v e l o p m e n t  of hyper thermia ,  while control  
in ject ions  of CaNa2EDTA did no t  affect  body tempera tu re .  
I t  is h igh ly  unl ikely t h a t  the  hype r the rmic  responses 
were due to con tamina t ion  by  agents  such as bac t e r i a l  
endotoxins  or  leukocyt ic  pyrogen since the  onset  of 
responses to these  pyrogens  in jec ted  in t r avcn t r i cu la r ly  
are slower, and the  dura t ion  of act ion is considerably  
longer  t han  af te r  Na2EDTA~,% In  fact, l eukocyt ic  

4 W. G. CLARK and J. S. PAGE, J. Bact, 96, 1940 (1968). 
D. L. JACKSON, J. Neurophysiol. 30, 586 (1967). 

8 U. K. SHETrt and H. L. BORISON, J. Pharmac. exp. Ther. 130, 41t 
(1960). 
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Fig. 2. Hyperthermic responses of t eat to 1 or more intraventricular 
injections of Na2EDTA. Arrows indicate the time of successive injec- 
tions in each series. 
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pyrogen,  a substance l ikely to be the  cause of a va r i e ty  of 
expe r imen ta l  and pathologic  fevers, when in jec ted  
d i rec t ly  into sensit ive areas of the  hypo tha l amus  st i l l  
causes fevers w i th  longer  la tencies  and dura t ions  5, v 

The  present  s tudy  doesn ' t  specif ical ly bear  on the  
quest ion of whether  f luc tuat ions  of sodium-calc ium ion 
balance wi th in  the  CNS p lay  a physiologic role in the rmo-  
regulation.  I t  does suggest  t h a t  the  changes in ca lc ium 
ion concent ra t ion  caused by  N a 2 E D T A  act  downs t ream 
from the  si te a t  which  pyrogens  ac t  since ace t aminophen  
and sodium sal icylate  in doses which effect ively  anta-  
gonize the  pyrogenic  act ions of endotox in  s and leukocyt ic  
pyrogen  in cats  a f t e r  e i ther  i.v. or  in t r aven t r i cu la r  admin-  
i s t ra t ion  9, lo, were ineffect ive  in an tagoniz ing  the  ac t ion  
of Na2EDTA.  An act ion downs t ream f rom the  t he rmos t a t  
is also indicated by  the  findings 8 t h a t  only  perfusions of 
the  poster ior  hypo tha l amus  w i t h v a r i e d  salt  concent ra t ions  
cons is tent ly  a l tered t empera tu re .  Perfusion of the  anter ior  
hypo tha lamus ,  a region which is c lear ly  invo lved  in 
normal  the rmoregu la t ion  and which is assumed to  be the  
s i te  of the  major  centra l  control  mechanisms  in models  of 
t empe ra tu r e  regula t ion xx produced inconsis tent  responses. 
I n  favor  of an  ac t ion  on the  the rmos ta t ,  however ,  is the  
observa t ion  t h a t  the  responses to  Na~EDTA appeared  to 
result  f rom coordinated  effector  a c t i v i t y  s imilar  to t h a t  
seen af ter  pyrogens  x2. Thus, shiver ing was present  dur ing  
the  deve lopmen t  of t he  h y p e r t h e r m i a  w i thou t  s ignif icant  
an tagon i sm by  hea t  loss mechanisms.  As the  peak  was 

reached, shiver ing was replaced by t achypnea  and 
pant ing .  

Al though  no t  s tudied extensively ,  N a , E D T A  seemed to 
differ  f rom pyrogens  which ac t  d i rec t ly  or indi rec t ly  on 
the  cent ra l  nervous  sys tem in tha t  no appa ren t  ceil ing to  
its effect  was reached when repea ted  inject ions  or  
infusions were made. Af ter  a m a x i m a l l y  pyrogenic  dose of 
bacter ia l  endotoxin  or s taphylococcal  en te ro tox in  is 
de termined,  increasing the  dose 50-100 t imes  does no t  
increase the  he ight  of the  fever  10. 

The  behaviora l  effects seen af ter  N a , E D T A  were 
considerably  dif ferent  f rom those repor ted  af ter  perfusion 
of the  ven t r icu la r  sys tem of cats  w i th  NaCt solutions for 
30 min  1 The  obvious  distress, sympa the t i c  a c t i v i t y  and 
exc i tab i l i ty  produced by  N a , E D T A  were no t  repor ted  
to occur wi th  the  perfusions, even  wi th  comparab le  
increases in t empera tu re .  However ,  longer  perfusions in 
t he  r abb i t  s did cause restlessness, s t ruggl ing and even  
convulsions.  Perhaps  longer  perfusions in the  ca t  would  
have  produced behav ior  more l ike t h a t  seen af ter  Na  n 
E D T A  13 

Conclusions. Chelat ion of ca lc ium ions by  N a z E D T A  
injected in t raven t r i cu la r ly  in unanes the t ized  cats  caused 
a hype r the rmic  response charac ter ized  by  a ve ry  rapid  
onset  and brief durat ion.  The response could be blocked 
by pen tobarb i t a l  anesthesia  bu t  not  by  the  ant ipyret ics ,  
ace taminophen  and sodium salicylate.  The  results  f avor  
an  act ion downs t ream f rom the  si te a t  which pyrogens  act.  

E 

o0se(p0) m~an ran~ 
Naz[0TA 250 [ ]  

caNa~ EOTA1000 . . . .  

-11 

~me afler in}ecfion 

Fig. 3. Responses of 6 cats to intraventricular injections of Na2EDTA 
and CaNa,EDTA. 

Rdsumd. La ch61ation des ions de calc ium par  I ' E D T A  
Na~ inject6 dans  le vent r icu le  c6r6bral des cha t s  non 
anesth6si6s a p rodui t  une r6action h y p e r t h e r m i q u e  carac- 
t6ris6e par  une ins ta l la t ion  rap ide  et  une dur6e br~ve. 
Cet te  r6act ion peu t  6tre bloqu6e par  l 'anesth6sie  au 
pentobarb i ta l ,  mais  non pas  par  les ant ipyr6t iques ,  le 
N-ac6ty l -paraaminoph6nol  ou le sa l icyla te  de sodium. 
Les r6sultats  ind iquen t  une ac t ion  plus t a rd ive  dans la 
chaine des 6v6nements  que  celle des pyrog~nes. 
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Electronmicroscope Studies of Crayfish Setae (Austropotamobius pallipes) 

Al though  the  setae of decapods are  conspicuous,  and 
occur  in grea t  profusion, l i t t le  is known of the i r  ana tomy.  
A s tudy  of the  setae present  on the  crayfish Austropota- 
mobius 7)allipes at  the  opt ical  level, failed to resolve some 
aspects  of the i r  a n a t o m y  1, par t icular ly  the  na tu re  of the  
se ta l  t ips  and ou tg rowths  of t he  setal  wall.  

The  presence of an  apical  pore on cer ta in  decapod setae 
has been suggested by  some authors  ~, bu t  never  figured. 
Stereoscan e lec t ronmicroscope studies on the  setae of A.  
pallipes show conclus ively  t h a t  an  apical  pore  is p resent  
(Figures  la ,  b and  c). The  exac t  posi t ion of the  pore 

differs f rom one seta  to  ano the r  bu t  has  a cons tan t  posi- 
t ion for a g iven  setal  var ie ty .  A great  va r i e ty  of apices 
occurred amongs t  the  different  setae (Figures l a -d ) ,  the  
pore rare ly  being t e rmina l  in posi t ion bu t  often set some- 
w a y  behind  the  t ip  (Figures l a  + c). None  of t he  m a n y  
and  var ied  ou tg rowths  f rom the  setal  wal l  appeared  to  
bear  pores, and no pores were de tec ted  over  the  shaf t  
surface. 

F igure  l a  shows the  apical  region of a serrate  seta  t aken  
f rom the  dac ty lopod i t e  of the  th i rd  maxil l iped,  no te  t he  
apical  pore jus t  behind the  smoo th ly  poin ted  t ip.  The  


