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PyroRallol and Vasopressin Tachyphylaxis 

I t  is well established tha t  repeated inject ions of vaso-  
pressin will resul t  in a rapid loss of its abi l i ty  to raise 
blood pressure. Because of this reproducible  act ion vaso- 
pressin is f requent ly  cited as a classical example  of a drug 
displaying the  character is t ic  of tachyphylaxis* .  In spite 
of sporadic invest igat ions,  t achyphy lax i s  to vasopressin 
has not  been adequa te ly  explained.  WOOD~URY" showed 
tha t  ouaba in  could p reven t  the  deve lopmen t  of tachy-  
phylaxis  when given before vasopressin and could restore 
the  pressor response af ter  the  es tab l i shment  of tachy-  
phylaxis.  More recently,  NASH 3 has repor ted  tha t  in the 
reserpinized dog, t achyphy lax i s  is grea t ly  reduced. In  the 
present  repor t  da t a  are  presented to show t h a t  pyrogallol  
(1, 2, 3- t r ihydroxybenzene) ,  a catechol  o -methy l  trans-  
ferase (COMT) enzyme inhibi tor ,  can also p reven t  and 
in te r rup t  t achyphy lax i s  to vasopressin.  

In  this s tudy  42 dogs of e i ther  sex were anes the t ized  
wi th  pen tobarb i t a l  sodium, 30 mg/kg  body weight  in t ra-  
venously.  Blood pressure by  mercury  manomete r  and 
respirat ion by Marey t a m b o u r  were recorded on a kymo-  
graph.  Cons tant  in ject ions  of vasopressin,  0.3 U/kg  body  
weight,  were given eve ry  30 rain th roughou t  the expel i -  
merit. This  dose schedule has been shown previous ly  4 to 
produce near ly  comple te  loss of pressor effects wi th in  3 
to 4 doses. 

In  the  first  series of exper iments  pyrogallol  was given 
af ter  t achyphy lax i s  to the  pressor response of vasopressin 
had developed.  Doses of pyrogallol  var ied from 0.5 to 
32 mg/kg  and were g iven  3 to  5 min  pr ior  to  the  5th and 
subsequent  doses of vasopressin.  Of the 24 dogs in this 
group,  pyrogallol  s l ightly increased the  pressor responses 
to vasopressin in 5, b rought  the  response back to abou t  
half  the  control  in IlL and complete ly  restored the  original  
response in 9 dogs (Figure 1). In several  of these la t te r  

animals  pyrogatlol  was repea ted  jus t  before addi t iona l  
doses of vasopressin and the pressor responses were well 
mainta ined.  The init ial  inject ion in lqgure  1 i l lustrates 
the  t r iphasic  blood pressure response t h a t  is somet imes  
obta ined  with vasopressin.  This  includes a depressor com- 
ponen t  t ha t  is though t  to be due to coronary  a r te ry  con- 
str ict ion.  Tachyphy lax i s  apparen t ly  occurs to this de- 
pressor effect also, but  pyrogallol  only  restored the pressor 
component .  

In general,  the  higher  doses of pyrogalh)l were likely to 
have more effect than  smaller  doses, l)oses of 1-2 mg/kg  
were somet imes  effect ive  and somet imes  not, 4 mg/kg  
were more predictable ,  and 8 mg/kg  appeared to be an 
ot) t imum amount .  1)oses grea te r  than  this usual ly failed 
to produce any  grea te r  response. A single dose of pyro-  
gallol general ly  affected only tha t  dose ol vasopressin 
which immedia te ly  followed it, a l though in a few cases 
the next  two doses were influenced.  

In a separa te  group of animals,  pyrogallol  was given 
jus t  before the second dose of vasopressin and repeated  
jus t  before each succeeding dose. In this way  it may  be 
possible to p reven t  the deveh)pment  of t achyphy lax i s  or 
to grea t ly  delay its appearance.  Figure  2 shows an experi-  
ment  in which the first and four th  responses to vaso- 
pressin were ident ical  in ampl i tude .  

A few exper iments  with isomers of pyrogallol  suggest  
tha t  1, 2, 4 - t r ihydroxybenzene  has v i r tua l ly  no such effect 
while 1 ,3 ,5 - t r ihydroxybenzene  (phloroglycin) has some 
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Fig. I. F .es torat ion b y  pyrogalh) l  of 
the  pres.~or response to  vasopress in  
a f t e r  t a c h y p h y l a x i s  h a d  deveh)ped .  
T rac ings  f rom top to b o t t o m :  respi- 
riltiolt, llleall b lood pressure ,  zero 
reference,  a n d  t ime in 1 rain in ter -  
vals,  Pyrogalh) l  was  giw, n j u s t  p r io r  
to the  5th  a n d  tith doses  of vaso- 
pressin.  
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Fig. 2. P reven t ion  of t a c h y p h y l a x i s  
to  vasopress in  b y  pyroga l lo l .  "l'rae- 
ings are the same as in Figure I. 
Vasopress in  was  giVell eve ry  30 mill 
w i th  the  '2nd, 3rd ,  a n d  4 th  doses  
be ing  p receded  b y  pyrogal lo l .  The  
pressor  response to the  -lth dose of 
vasopress in  was  the  saiIle as  the  
first.  
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a c t i v i t y  b u t  m u c h  less t h a n  pyrogal lot .  T h e  COMT in-  
h ib i to r ,  ca techo l  (1, 2-dihydroxybenzene), did  n o t  a p p e a r  
to  be  ac t ive  in th i s  regard.  

The  f ind ing  t h a t  t he  b lood  pressure  response  to  vaso-  
press in  is m a r k e d l y  affected b y  pyrogal lo l  m a y  h a v e  wide 
i m p o r t  because  of t h e  c u r r e n t  i n t e r e s t  in  agen t s  t h a t  a f fec t  
t h e  m e t a b o l i s m  of ca techo lamines .  I t  is now k n o w n  t h a t  
one  of the  m a j o r  rou tes  of d e g r a d a t i o n  of ep i neph r i ne  a n d  
no rep ineph r ine  is via o - m e t h y l a t i o n  5. T he  e n z y m e  in-  
volved,  ca techol  o - m e t h y l  t ransferase ,  c an  be  e f fec t ive ly  
i n h i b i t e d  b y  fu rn i sh ing  a c o m p e t i t i v e  s u b s t r a t e ,  such  as 
pyrogallol6,L T h e  presence  of pyroga l lo l  slows t h e  de-  
st laJction of ep ineph r ine  a n d  n o r e p i n e p h r i n e  a n d  e x t e n d s  
t h e i r  d u r a t i o n  of ac t ion  8, ~. However ,  vasopress in  h a s  long 
been  classed as a d i r ec t - ac t ing  v a s o c o n s t r i c t o r  w i t h  a 
m e c h a n i s m  of ac t ion  u n r e l a t e d  to  ca t echo lamines ,  a n d  i t  
was  surpr is ing,  therefore ,  to  f ind  t h a t  a COMT i n h i b i t o r  
would mod i fy  i ts  response.  I t  is well  k n o w n  t h a t  ad rene r -  
gic b lock ing  agen t s  do  no t  p r e v e n t  t he  p resso r  r e sponse  to  
vasopress in ,  and  NASH 3 has  s h o w n  t h a t  comple t e  deple-  
t ion  of ca t echo lamines  b y  reserp ine  p r e t r e a t m e n t  n o t  
on ly  does no t  depress  t he  response  b u t  a c t u a l l y  increases  
i t .  

T h e  d a t a  r e p o r t e d  here  m i g h t  be  i n t e r p r e t e d  as i nd i ca t -  
ing a n  i n t i m a t e  r e l a t i onsh i p  b e t w e e n  c a t e c h o l a m i n e s  a n d  
vasopress in  vascu la r  effects.  S u p p o r t  for  t h i s  concep t  
could be  found  in t he  work  of GARDIER 1°'11, who  ha s  
d e m o n s t r a t e d  a r e l a t ionsh ip  b e t w e e n  t h e  s y m p a t h e t i c  
ne rvous  s y s t e m  a n d  t he  effect  of va s op r e s s i n  on  b lood  
pressure.  O t h e r  workers  h a v e  i m p l i c a t e d  cyclic 3", Y - A M P  
in t h e  m e c h a n i s m  of ac t ion  of b o t h  e p i n e p h r i n e  a n d  vaso-  
press in  x~, x~. 

I n  the  p re sen t  case, however ,  t h e  we igh t  of ev idence  
opposes th i s  view. In  add i t i on  to  t h e  fa i lure  of ad rene rg ic  
b lockade  or c a t e c h o l a m i n e  d e p l e t i o n  b y  rese rp ine  to  re- 
duce  t h e  pressor  ac t ion  of vasopress in ,  i t  a p p e a r s  t h a t  
ce r t a in  o t h e r  COMT inh ib i to r s  (e.g. ca techol )  do  n o t  h a v e  
th i s  ac t ion  of pyrogal lol .  These  d a t a  i nd i ca t e  t h a t  t he  
COMT inh ib i t i ng  ac t ion  of pyroga l lo l  is n o t  t he  mech-  
an i sm involved .  The  sugges t ion  of a n o n - C O M T  i n h i b i t i n g  
ac t ion  is also s u p p o r t e d  b y  t h e  r e c e n t  work  of HALMA~VI 

e t  al. 14, who  h a v e  s h o w n  a p u l m o n a r y  a n t i s p a s m o d i c  ac-  
t i on  of pyroga l lo l  wh ich  is u n r e l a t e d  to COMT inh ib i t i on .  
A l t e rna t i ve ly ,  i t  is sugges ted  t h a t  py roga l lo l  is able  to  
a l t e r  in  some  way  t h e  r ecep to r s  for  vasopres s in  or to  in-  
crease t he  d i s soc ia t ion  of vasopres s in  f rom i t s  r e cep to r  
comp lex  in  s u c h  a w a y  as  to  p e r m i t  r e p e a t e d  responses  to  
occur .  T h e  bas i s  for  t h i s  a c t i o n  is obscu re  a n d  requ i res  
f u r t h e r  s t u d y  15, ~s. 

Rdsumd. Le pyrogal lo l  emp~che  le d 6 v e l o p p e m e n t  d ' u n e  
t a c h y p h y l a x i e  ~ la  vasopress ine .  I1 r e s t i t ue  ta r~ac t ion  
p ressor ique  apr~s  l ' a p p a r i t i o n  d ' u n e  t a c h y p h y l a x i e .  Cet  
effe t  ne  sembte  pas  ~tre  ti6 & Fac t ion  i nh ib i t r i c e  de  c e t t e  
s u b s t a n c e  sur  l ' e n z y m e  t r ans f~rase  o -m6thy l .  
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T h e  Ef fec t  of  I s o x s u p r i n e  on  t h e  M o t i l i t y  P a t t e r n  
of  t h e  I s o l a t e d  H u m a n  M y o m e t r i u m  1 

I n  a p rev ious  r e p o r t  2 i t  was  d e m o n s t r a t e d  t h a t  t h e  ac-  
t ion  of p r o s t a g l a n d i n  on  the  isola ted h u m a n  n o n - p r e g n a n t  
m y o m e t r i u m  could be  affected b y  v a r i a t i o n s  in  t h e  ex t r a -  
cel lular  c o n c e n t r a t i o n  of po tass ium.  T he  n o r m a l  effect  of 
p r o s t a g l a n d i n  on  t he  m y o m e t r i u m  is t h a t  of i nh ib i t i on .  A 
decrease  in t he  ex t ra -ce l lu la r  p o t a s s i u m  c o n c e n t r a t i o n  en-  
h a n c e s  t he  i n h i b i t o r y  response  of h u m a n  i so la ted  myo-  
m e t r i u m  to  p ros t ag land in .  However ,  t he  a d d i t i o n  of 
p r o s t a g l a n d i n  to  a m y o m e t r i u m  p laced  in a p o t a s s i u m -  
r ich b a t h  fluid produces  on ly  a smal l  i n h i b i t i o n  of mo t i -  
l i ty,  or, in  some ins tances ,  even  induces  a s t i m u l a t i o n  of 
t he  p repa ra t i on .  

I n  o rder  to  s t u d y  t he  specif ic i ty  of t h i s  effect  of POtas - 
s ium on the  r eac t i v i t y  p a t t e r n  of h u m a n  m y o m e t r i u m  to  
p ros tag land in ,  a s imi lar  s t u d y  h a s  b e e n  pe r fo rmed  w i t h  
isoxsuprine,  a c o m p o u n d  wh ich  also inh ib i t s  t he  spon-  
t a n e o u s  a c t i v i t y  of t he  h u m a n  m y o m e t r i u m  3. 

T h e  e x p e r i m e n t a l  cond i t ions  were t h e  s ame  as  in  t h e  
p rev ious  s tudy ,  i.e. t h e  mo t i l i t y  of excised s t r ips  f rom t he  
h u m a n  u te rus  was s tud ied  in vitro using  a lmos t  i sometr i -  
cal recordings .  F o u r  s t r ips  f rom each  u t e rus  were s tud ied  
s imul taneous ly ,  each  s t r ip  m o u n t e d  in s epa ra t e  40 ml  

c u v e t t e s  in  a n  o rgan  b a t h .  The  b a t h  f luid was a s l igh t ly  
modi f ied  T y r o d e  so lu t ion  a e r a t e d  w i t h  5 %  CO 2 in O~, p H  
be ing  7 . 3 5 ± 0 . 0 5 .  T h e  a c t i v e  c o m p o u n d  was  a l w a y s  
a d d e d  to  t h e  b a t h  d i l u t ed  in  I mt  of a f luid w i t h  t h e  s a m e  
compos i t ion  a n d  t e m p e r a t u r e  as t h e  b a t h  fluid.  A con-  
t i n u o u s  inf low of f resh T y r o d e  f rom be low a t  a r a t e  of 
1.5 m l / m i u  s lowly w a s h e d  a w a y  t he  a d d e d  c o m p o u n d .  
Th i s  p r o c e d u r e  was a d o p t e d  s ince i t  gave  s t ab l e  exper i -  
m e n t a l  cond i t i ons  a n d  r e p r o d u c e a b l e  resul ts .  F o r  de ta i l s  
t h e  r e a d e r  is re fe r red  to  a p r ev ious  c o m m u n i c a t i o n  4 

I n  t h e  p r e s e n t  s t u d y  12 s t r ips  f rom t h r e e  u t e r i  all  in  la te  
p ro l i f e ra t ive  p h a s e  were used. The  ef fec t  of i soxsupr ine  on  
t h e  s p o n t a n e o u s  m o t i l i t y  of t h e  i so la ted  h u m a n  myo-  
m e t r i u m  u n d e r  d i f fe ren t  ex t r a -ce l lu l a r  p o t a s s i u m  concen-  
t r a t i ons ,  1-17 mEqv/1 ,  was  t es ted .  T h e  p r e p a r a t i o n  used  
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