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P r e l i m i n a r y  Report  on the  Incorporat ion  of Guanethid ine  and Reserpine  into Rat  Per i toneal  Mast  
Cells  in v i tro  

Guane th id ine  and  reserpine h a v e  been  ex tens ive ly  used 
in t he  s t u d y  of m o n o a m i n e s  in t he  cen t ra l  nervous  s y s t e m  
and  in several  nerve  ending  models  ~-a. The  m e c h a n i s m s  
by  which  these  drugs  exer t  the i r  effects  on the  amine  
s tores  are stil l  in m a n y  respec ts  unknown.  Ev idence  sug- 
gest ing an u p t a k e  of guane th id ine  by  an energy- requi r ing  
process  has  been p re sen t ed  ~-~. Guane th id ine  is known to  
accumula te  in  h u m a n  p la te le t s  by  an  ac t ive  m e c h a n i s m  
and  t h e  u p t a k e  b y  hea r t  sIices of th is  d rug  t akes  place by  
two  d i f fe ren t  mechan i sms ,  one  of wh ich  is ac t ive  9. 
Reserp ine  has  been  d e m o n s t r a t e d  to  in ter fere  w i t h  guane-  
th id ine  u p t a k e  and  b ind ing  in r a t  h e a r t  in v ivo ~. Reser -  
p ine  is also incorpora ted  in to  r a b b i t  b lood p la te le t s  and  
becomes  b o u n d  to  t he  p la te le t  g ranular  m e m b r a n e  n,  ~. 
I t  has  been shown by  f rac t ional  s tudies  t h a t  t he  locat ion 
of reserpine  in t he  mouse  h e a r t  is ma in ly  in t he  h e a v y  
f rac t ion  ~, and failure to  f ind incorpora t ion  of reserpine  
in to  specific amine  s tor ing  organelles  has been  repor ted  ~. 
Since reserp ine  is k n o w n  to  affect  the  endogenous  c o n t e n t  
of 5-HT and  depresses  t he  up t ake  of th i s  amine  in to  m a s t  
cells, and  b o t h  guane th id ine  and  reserpine  af fec t  t he  
u p t a k e  of 5-HT into  i so la ted  m a s t  cell  granules  ~ - ~ ,  a 
s t u d y  on the  incorpora t ion  of these  drugs  in to  m a s t  cells 
seemed mo t iva t ed .  

Adul t  Sprague-Dawley  ra t s  of b o t h  sexes were used. 
Per i tonea l  cells were washed  out  f rom the  abdomina l  and  
pleural  cavi t ies  w i th  10 ml  of an ice-chilled modif ied  ~s 
Krebs-Ringer -g lucose  solut ion (KRG).  The cells were  spun  
down  at  350 g × 10 rain, r e suspended  in fresh sal t  solut ion 
a n d  spun  d o w n  a d e ns i t y  g rad ien t  m a d e  up of 30% Ficoll  
(Pharmacia)  in  saline for 15 min  a t  350 g. The  30% layer  
con ta in ing  some 60-80% of t he  t o t a l  m a s t  cell coun t  a n d  
w i t h  a degree  of p u r i t y  of t he  m a s t  cells rang ing  f rom 70 
to  95% was collected.  The cells were washed  twice wi th  
f resh K R G ,  c o u n t e d  in a Bue rke r  c h a m b e r  a n d  used in 
incuba t ion  exper imen t s .  

The  leucocytes  r emained  above  the  30% Ficoll  layer  
and  were  also col lected and  processed ident ica l ly  to t he  
m a s t  cell f ract ion.  All t he  e x p e r i m e n t s  excep t  those  
concern ing  the  t e m p e r a t u r e  dependence  of incorpora t ion  
were carr ied out  in a wa te r  b a t h  under  agi ta t ion.  The d rug  
concen t r a t ions  used were 5 x 10-SM for reserpine  (Sigma 
Chemical  Co.) and  5 × 10-5M for guane th id ine  (Ciba AG), 
referr ing to  the  bases.  Af te r  incuba t ion  the  cells were  s p u n  
d o w n  and  washed  three  t i m e s  before assay.  The  m a s t  cells 
were  deg ranu la t ed  by  freezing and  t h a w i n g  3 t i m e s  in 
0.3 N/ sucrose p H  6.9. Nuclear  and  granular  f rac t ions  
were col lected b y  d i f ferent ia l  cen t r i fuga t ion  a t  350 g x 
10 rain and  2700 g x 30 min,  respect ively .  B o t h  f ract ions  
and  f inal  s u p e r n a t a n t s  were  assayed.  5-HT was assayed 
spec t ro fo to f luoromet r i ca l ly  using the  m e t h o d  of Boa -  
DANSKI as descr ibed  by  WEISSBACH 1.. Reserp ine  was 
assayed  I luorometr ica l ly  af ter  ch loroform ex t rac t ion  
accord ing  to JAKOVLEVIC et  a l3  °. Guane th id ine  was 
assayed  spec t ro fo to f luoromet r i ca l ly  according to  a semi-  
micro  modi f i ca t ion  of t he  m e t h o d  given b y  SCttANKER 
e t  M. ~. The same  samples  were  used for t he  d e t e r m i n a t i o n  
of 5-HT and  b o t h  d r u g s .  

The cel lular  d i s t r i bu t ion  s tudies  showed t h a t  wi th in  t he  
per i tonea l  cells, reserpine  and  guane th id ine  are t a k e n  up  
in to  m a s t  cells as well as leucocytes.  The  a m o u n t  of 
guane th id ine  inco rpo ra t ed  was 98.3 ng/10 ~ mas t  cells 
and  32.5 ng/10 e leucocytes  in 1 h a t  37°C (17 and  4 exper-  
iments ,  respect ively ,  i ncuba t ed  and  d e t e r m i n e d  in t r ipl i -  
cate).  The cor responding  figures for reserpine  were 227 
ng/10 ~ m a s t  cells and  54.8 ng/10 s leucocytes  (21 exper-  
i me n t s  i ncuba ted  and  d e t e r m i n e d  in t r ipl icate) .  One m a y  
specula te  as to  w h e t h e r  th is  specif ic i ty  of d rug  b ind ing  to  
m a s t  cells is in some way  re la ted  to  o the r  specific charac te -  
r is t ics  of m a s t  cells, e.g. the i r  c a p a c i t y  to  t ake  up and  s tore  
biogenic amines ,  or  w h e t h e r  i t  m e r l y  ref lects  the  grea te r  in- 
t racel lu lar  vo lume of m a s t  cells c o m p a r e d  wi th  leucocytes .  

Table I. Distribution of 5-HT, guanethidine and reserpine in sub- 
cellular fractions of isolated rat peritoneal mast ceils 

Fraction Guanethidine(%) 5-HT (%) Reserpine (%) 5-HT(%) 

350 xg 64 66 57 58 
2700 xg 36 34 43 42 

Distribution expressed as a percentage of the total spun down (nu- 
clear and granular fractions). Degranulation and differential centri- 
Iugation as described in text. Means of 5 guanethidine and 5 reser- 
pine experiments. Figures rounded off. 

Table II. Incorporation of guanethidine and reserpine into isolated 
rat peritoneal mast cells 

Drug added Guanethidine Reserpine 
ng[10 s mast cells ng/10 s mast ceils 

Control 95.7 :t: 14,7 302.5 :t: 6.7 
Both drugs 93.0 :t: 12,0 301.7 :~z 7.3 

Incubation in KRG at 37 °C for 60 rain. Drug concentrations: guane- 
thidine 5 x 10-SM, and reserpine 5 x 10-SM. Means and S.E, of 2 ex- 
periments incubated and determined in triplicate. Control: either 
guanethidine or regerpine added to the medium. Both drugs: Guane- 
thidine and reserpine added to the medium simultaneously. 
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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 

I W. FI~LDBERG, R. D. MYERS and W. L. VEALE, J. Physiol., Lond. 
207, 403 (1970). 

2 W. FELDBERG and P. N. SAX~NA, J. Physiol., Lond. 211, 245 
(1970). 

a R. D. MYERS and W. L. VEALE, J. Physiol., Lond. 212, 411 (1971). 


