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water  as the  solvent :  Di luent  A 8.5 g NaC1, 26.7 g sucrose, 
0.7 g glucose, 0.4 g fructose;  Di luent  B 8.5 g NaC1, 26.7 g 
sucrose, 0.4 g fructose;  Di luent  C 8.5 g NaC1, 26.7 g 
sucrose, 0.7 g glucose; Di luent  D 8.5 g NaC1, 0.7 g glucose, 
0.4 g fructose;  Saline 8.5 g NaC1. 

F ive  replicates of the  following step-wise procedure 
were run for each of t h e  saline and sugar di luents:  A, B, 
C, and D. 4 tes t  tubes, hereafter  noted as 1, 2, 3, and 4, 
were used in each replicate. Tubes 1 and 2 each received 
1 mI of saline d i luent ;  tubes 3 and 4 each received I mi  
of the  saline and sugar di luent  being tested. 

Step A:  1 ~1 of honey bee  semen int roduced into each 
tube  and gent ly  mixed  wi th  the  diluent.  Step B:  1 drop 
of the  mix tu re  f rom each tube  placed on a separate  
microscope slide, covered wi th  a coverslip, and spermato-  
zoal mot i l i ty  and morphology appraised by phase con- 
t r as t  microscopy. Step C: Moti t i ty  of spermatozoa  in 
tube  1 rechecked, and then  3 drops (approx. 0.16 ml) of 
the  tes t  saline and sugar di luent  added to it. Moti l i ty  
checked again after  t h i s  addit ion.  (Final approx ima te  
sugar concentra t ions  here and at  Step E below were 
0.39% for di luents  A, B, and C and 0.016% for di luent  D.) 
Step D:  Mot i l i ty  in tube  2 rechecked and then  oxygen  
bubbled th rough  the  mix tu re  for 1 min  followed by  
another  check for mot i l i ty .  Step E :  3 drops of the  test  
saline and sugar di luent  added to oxygena ted  tube  2 and 
again checked for mot i l i ty .  Step F :  Final  reexamina t ion  
of tubes  3 and 4 to ver i fy  observat ion  in Step B. 

In  addit ion,  a series of on-slide mot i l i ty  examina t ions  
was m a d e  for each saline and sugar diluent,  using saline 
as a control,  as folIows: i drop of saline was placed on 
each of 2 slides, i drop of saline and sugar di luent  was 
placed on a th i rd  slide. Then  i drop of semen was placed 
into the  fluid on each slide, covered wi th  a coverslip, and 
examined  microscopical ly for spermatozoa l  moti l i ty .  Nex t  
a drop of saline was placed adjoining the  coverslip on one 
of the  saline slides, and a drop of saline and sugar di luent  
was placed likewise on the  o ther  saline slide. All 3 slides 
were again examined  microscopically.  

Results and discussion. In both  series of tests, differences 
in spermatozoal  mot i l i ty  be tween saline-semen mix tures  
and saline and sugar-semen mixtures  were so great  t h a t  
quant i f ica t ion  in terms of percent  mot i le  spermatozoa  
was unnecessary. The response was near ly  all-or-none. 

Few spermatozoa  (not more than  1-2%) were capable  
of m o v e m e n t  in the  sal ine-semen mixtures .  Near ly  all 
were folded a t  the  center  of their  length.  In  comparison,  
near ly  all spermatozoa  in all of the  saline and sugar- 
semen mixtures  exhibi ted  vigorous, normal -appear ing  
mot i l i ty  and normal  morphology.  No differences were 
detected in relat ion to the  omi t ted  sugars in di luents  B, 
C and D. 

Oxygenat ion  of the  semen-saline mix tures  did not  
induce mot i l i ty  and did not  seem to al ter  the  folded 
conf igurat ion of the  spermatozoa.  In  contrast ,  adding 
3 drops of any saline and sugar di luent  to ei ther  oxy-  
genated  or unoxygena ted  saline-semen mixtures  imme-  

dia te ly  produced vigorous m o v e m e n t  of the spermatozoa  
a l though most  remained folded. 

The  results of the  on-slide mot i l i ty  tests were consis tent  
wi th  the foregoing. Semen placed in saline remained in a 
t ight  d u m p ,  and near ly  all of the spermatozoa  were 
immoti le .  Semen placed in any of the  saline and sugar 
diluents immedia te ly  dispersed into swirling loci of mot i le  
spermatozoa.  Addi t ional  saline allowed to diffuse into the  
original semen-saline preparat ions  had no effect o ther  
than  par t ia l  d isrupt ion of the  c lump by s t reaming diluent.  
In  contrast ,  swirling loci of mot i le  spermatozoa formed 
rapidly when any  of the  saline and sugar diluents were 
allowed to diffuse into the  semen-saline preparat ions.  

These results suggest t ha t  sugars in concentra t ions  as 
low as 0.016% can induce spermatozoal  mot i l i ty  in di lute 
mix tures  of honey bee semen and 0.85% saline. They  also 
indicate  t h a t  no one of the  sugars tes ted is indispensable 
for the induct ion and suppor t  of spermatozoal  mot i l i ty :  
We  suppose tha t  mot i l i ty  occurred in mixtures  conta ining 
sugar because the  sugar provided a metaboIizable  energy 
source not  previously avai lable.  This  conjecture  is sup- 
por ted  by  similar  findings in o ther  species 1 and by 
observat ion  of rapid  fructolysis in honey bee semen 2. 

The mot i l i ty  difference be tween  saline and sugar-semen 
mixtures  and saline-semen mixtures  of equiva len t  di lut ion 
is evidence tha t  sugar was more impor t an t  to spermato-  
zoal mot i l i ty  than  the  di lut ion itself. This  is inconsistent  
wi th  the  conclusion of others a, ~ tha t  mot i l i ty  is induced 
merely  by  dilution, p robably  wi th  secretions of the  
spermathecal  gland, when spermatozoa  are released or 
r emoved  from the  spermatheca.  Fu r the r  work  should be 
done on the  composi t ion of spermathecal  gland secretion 
to determine  whether  it  too contains  significant  sugar. 

Zusammen/assung. Es wird gezeigt, dass fr ischgewonne- 
nes Sperms  der Honigbiene  Apis melli/era L. in 0,85% 
NaC1-L6sungen mi t  Rohr- ,  Frucht -  und Traubenzucker-  
zusatz bewegungsf~hig bleibt,  w~hrend in 0,85% NaC1 
nur  wenige Spermien bewegungsf~hig sind. 

H. K. POOLE a n d  JO~N F. EDWARDS 

USDA Bee Research Laboratory, 2000 E. Allen Rd., 
Tucson (Arizona 85779, USA), 2 March 7970. 

1 T. MANN, The Biochemistry o] Semen and o] the Male Reproductive 
Tract (John Wiley and Sons, Inc., NewYork 1964). 

2 ]V~. S. BLUM, Z. GLOWSKA and S. TABER III, Ann. eat. Soc. Am. 
55, 135 (1962). 

3 H. SCHINDLER and R. VOLCANI, Factors Acting in Long-Term 
Storage o] Sperm in vivo. Final report of research conducted under 
grants authorized by US Public Law 480 (1968). 

4 V.. ALUMOT, Y. LENSKY and P. HOLSTEIN, Comp. Biochem. Phy- 
siol. 28, 1419 (1969). 

5 y.  LENSKY and H. SCHINDLER, Annls Abeille 10, 5 (1967). 

Interrelationships Between the Contractile Effects of Metabolic Substrates,  /~-Adrenergic Blocking 
Agents  and Endogenous Catecholamine Depletion on Isolated Rat Atria 1 

The effects of adrenergic  influences on the  contract ion terist ics of the  isolated myocard ium.  However ,  l i t t le  is 
of the  hear t  muscle have  been ex tens ive ly  s tudied over  known regarding the  possible mura l  influences be tween  
the  years. On the  o ther  hand we have  explored l-a the  these two aspects. 
impor tance  of metabol ic  substrates  and enzyme inhibi tors  In  the  present  s tudy  we have  a t t e m p t e d  to explore 
to ma in ta in  and modi fy  electrical and contract i le  charac-  whether  the  myocardia l  contract i le  effects elicited by 
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c a t e c h o l a m i n e  dep le t ion  or adrenerg ic  b lock ing  agen ts  
cou ld  be a l t e red  b y  t he  p resence  of d i f fe ren t  m e t a b o l i c  
subs t r a t e s .  Also, t he  inf luences  of c a t e c h o l a m i n e  deple t ion  
a n d  adrenerg ic  b lock ing  agen t s  upon  t he  myoca rd i a l  
e f fec ts  of s n b s t r a t e s  were s tudied.  

Methods. F e m a l e  a d u l t  r a t s  were decap i t a t ed ,  t he  a t r i a  
removed ,  suspended  in a modi f ied  Krebs -R inge r -B ica r -  
b o n a t e  m e d i u m  (KRB)  a t  p H  7.4 and  30~ and  s t im-  
u l a t ed  a t  a r a t e  of 200/min w i t h  twice  the  t h r e sho ld  
in tens i ty ,  as p rev ious ly  r epo r t ed  ~-5. The  subse ra te  for 
t h e  m e d i u m  was glucose or p y r u v a t e  a t  5.5 raM.  A 60 m i n  
e q u i l i b r a t i o n  per iod  was al lowed before  read ings  of the  
i somet r i c  deve loped  tens ion ,  recorded  b y  means  of a s t r a in  
gauge,  were t aken .  The  recorded  deve loped  t ens ion  a t  t he  
end  of t he  equ i l ib ra t ion  per iod  is referred to in  t he  t e x t  
as  the  in i t ia l  deve loped  t ens ion  (IDT).  

I n  one  group of exper imen t s ,  t he  con t r ac t i l e  effects of 
1 0 - 5 M  DL-propranolol  or 10 -SM DL-MJ 1999 were t e s t ed  
b y  add i t ions  pe r fo rmed  a t  t he  end  of the  equ i l ib ra t ion  
per iod .  (Unless o the rwise  s t a t e d  t he  c o n c e n t r a t i o n  of 
d rugs  ind ica t ed  in t he  t e x t  refer  to  t he  f ina l  c o n c e n t r a t i o n  
in t h e  t i ssue  ba th . )  I n  o rder  to  t e s t  t he  adequacy ,  as well  
as to  c o m p a r e  t he  degree of t h e  f l -adrenergic  b lock ing  
ac t ion ,  t h e  t i ssue  was exposed  to 0.01 [zg/ml i sopro te renol  
o r  to  0.2 ~g/ml  no rep inephr ine ,  before  a n d  a f t e r  t he  
a d d i t i o n  of t he  blockers .  Only  those  a t r i a  on  w h i c h  t he  
f i-blockers r educed  b y  100% or 50% t he  s t i m u l a t i o n  of 
deve loped  t ens ion  el ici ted b y  i sopro te reno l  or norep ine-  
p h r i n e  respect ively ,  were cons idered  for e x p e r i m e n t a l  
ana lys i s .  

I n  a n o t h e r  g roup  of e x p e r i m e n t s  t he  con t r ac t i l e  effects  
of 11.0 m M  p y r u v a t e  were t e s t ed  on  n o r m a l  a t r i a  equi-  
l i b r a t e d  in  K R B  m e d i u m  w i t h  5.5 m M  glucose, b o t h  in 
t h e  absence  or in t he  presence  of 1 0 - 5 M  DL-propranolol  
or  10 -SM DL-MJ 1999 a d d e d  to t he  b a t h  30 m i n  pr io r  
to  t h e  a d d i t i o n  of p y r u v a t e .  

A f ina l  g roup  of e x p e r i m e n t s  were pe r fo rmed  on a t r i a  
i so la ted  f rom n o r m a l  or reserpin ized  an i m a l s  rece iv ing  
i.p. in jec t ions  of 5 m g / k g  reserp ine  24 h pr ior  to  t he  
sacrifice.  A t r i a l  dep le t ion  of ca t echo lamines  was com- 
p l e m e n t e d  in all cases b y  t he  in v i t ro  add i t i on  of t y r a m i n e  
(7 vg/ml)  up  to t he  p o i n t  of absence  of response.  

All t he  deve loped  t ens ion  va lues  were recorded  in rag, 
a n d  e x p e r i m e n t a l  va r i a t ions ,  expressed  as p e r c e n t a g e  
changes  u n d e r  d i f fe ren t  e x p e r i m e n t a l  condi t ions ,  were 
c o m p a r e d  us ing  t he  S t u d e n t ' s  t- test .  Differences  were 
cons ide red  s ign i f ican t  if p was  0.05 or less. 

]~esults. The  s t ab i l i t y  of deve loped  t ens ion  (SDT) of 
con t ro l  and  c a t e c h o l a m i n e  dep le ted  a t r i a  was s tud ied  
in  p r e p a r a t i o n s  suspended  in K R B  m e d i u m  w i t h  5.5 m M  
glucose or  p y r u v a t e ,  b y  d e t e r m i n i n g  t he  s p o n t a n e o u s  
changes  of t he  I D T  over  a pe r iod  of 60 min .  S D T  was 
s imi l a r  in  b o t h  groups,  a 5 - 6 %  s p o n t a n e o u s  d e c r e m e n t  
of con t r ac t i l e  t ens ion  be ing  obse rved  a t  the  end  of 
60 min.  

F igure  1 shows t h a t  t he  I D T  of c a t e c h o l a m i n e  dep le ted  
r a t  a t r i a  su spended  in 5.5 m M  glucose was c o m p a r a b l e  
to  t h a t  of controls ,  t he  resu l t  be ing  in a g r e e m e n t  w i t h  
t h a t  of TANZ a n d  IV~ARCUS ~, on  ca t  pap i l l a ry  muscle.  
However ,  as can  be  seen in F igure  1, t he  IDT,  of ca techol-  
a m i n e  dep le ted  a t r i a  suspended  in a m e d i u m  w i t h  5.5 m M  
p y r u v a t e  was g rea te r  t h a n  in all t h e  o the r  cases. 

The  con t rac t i l e  effects of a c o n c e n t r a t i o n  of DL-pro- 
p rano lo l  or DL-MJ 1999, t h a t  p roduced  a c o m p a r a b l e  
b lockade  of t he  s t i m u l a t i o n  of the  deve loped  t ens ion  
el ici ted b y  i sopro te reno l  or n o r e p i n e p h r i n e  were  exp lored  
on  con t ro l  r a t  a t r i a  suspended  ill K R B  m e d i u m  w i t h  
5.5 m M  glucose or p y r u v a t e  as t he  subs t r a t e .  The  T a b l e  
shows t h a t  t he  d e c r e m e n t  of deve loped  t en s i on  induced  
b y  1 0 - 5 M  DL-propranolol  is s ign i f i can t ly  g rea te r  w h e n  

t he  s u b s t r a t e  was  glucose t h a n  w h e n  i t  was  p y r u v a t e .  
On t he  o the r  hand ,  t he  smal l  b u t  cons i s t en t  depress ion  
of t h e  deve loped  t ens ion  obse rved  a f te r  10 -~ M DL-MJ 1999 
to  a t r i a  suspended  in K R B  m e d i u m  w i t h  5.5 m M  glucose, 
is no  longer  p re sen t  w h e n  t he  s u b s t r a t e  is p y r u v a t e .  

As can  be seen in F igures  2 a n d  3, curves  I, t h e  add i t i on  
of 11.0 m M  p y r u v a t e  to  n o r m a l  con t ro l  a t r i a  suspended  
in K R B  m e d i u m  w i t h  5.5 m M  glucose, p roduced  in i t iMly 
a t r a n s i e n t  and  m a r k e d  depress ion  of t h e  IDT ,  fol lowed 
b y  a la te  a n d  pa r t i a l  r ecovery ;  t he  levels of deve loped  
t ens ion  1 h a f te r  t he  add i t i on  be ing  s ign i f ican t ly  smal le r  
t h a n  those  of u n t r e a t e d  a t r i a  (percentage  change  of 
I D T  60 m i n  a f te r  p y r u v a t e :  --  1 6 - -  1.8, n =  7). This  
effect  of p y r u v a t e ,  wh ich  is n o t  mere ly  d e p e n d e n t  on  
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Fig. 1. Initial developed tension of normal and catechoIamine 
depleted rat atria suspended in different substrates. White columns, 
IDT mean values of normal rat atria; shaded columns, IDT mean 
values of catecholamine depleted rat atria by a combination of 
in vivo reserpinization and in vitro tyraminization. Vertical bars, 
SEM. Numbers in parentheses refer to the number of atria. 

Effect of I)L-propranolol and DL-MJ-1999 on the developed tension 
of isolated rat atria suspended in different substrates 

Substrate DL-Propranolol DL-MJ-1999 
(10-5M) (10-3M) 
% Change of developed tension b 

Glucose (A) --29.5 4- 2.3 (C) --9.2 4- 2.6 
(5.5 mM) (n = 6) (n = 7) 
Pyruvate (B) --12.9 4- 4.5 (D) --0.7 4- 4.0 
(5.5 mM) (n = 6) (n = 10) 

(A) vs (B) p < 0.01 (C) vs (D) p < 0.05 

The concentrations of oL-propranolol and DL-MJ-1999 employed 
produced a 50% blockade of the stimulation of developed tension 
elicited by norepinephrine and a 100% blockade of the stimulation 
of developed tension elicited by isoproterenol, b The percentage 
changes of developed tension reported are those observed at the 
end of a 90 min period after the addition of the drugs. Mean 4- S.E.M. 
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the  accompany ing  No+ ions of the  molecule, nor  i t  is 
re la ted  to changes  in the  osmolar i ty  of the  med i u m or 
to  cholinergic mechan i sms  ~, is however  clearly a l tered 
by  adrenergic  fi=blockers as well as by  the  deple t ion of 
atr ial  endogenous  ca techolamines  by  reserpine and tyr -  
amine.  Indeed,  Figure  2, curve 3, shows t h a t  the  p a t t e r n  
of atr ial  contract i le  ac t iv i ty  af ter  p y r u v a t e  is modif ied  
in the  ca techolamine  deple ted  group, the  late depress ion 
of deve loped  tens ion being s ignif icant ly  smaller  t h a n  
t h a t  of t he  normal  controls  (percentage change of IDT 
60 rain af ter  p y r u v a t e  : - -  0.59 -t- 4.2, n = 8 ; ca techolamine  
deple ted  vs controls,  p < 0.01). Also, as shown in Figures  2 
and 3, curve 2, a modi f ica t ion  of the  late contrac t i le  
influence induced  by  11.0 m M  p y r u v a t e  was observed  
on a t r ia  incuba ted  wi th  10-5M nn-propranolo l  (percen- 
tage  change of IDT 60 rain af ter  p y r u v a t e :  q- 6.9 • 3.6, 

= 7; nL-propranolol  t r e a t ed  vs controls ,  /5 < 0.001) or 
wi th  10-3M DL-MJ 1999 (percentage change  of I D T  
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Fig. 2. Effect of pyruvate on the developed tension of normal, 
eatecholamine depleted and DL-propranolol treated rat atria. Atria 
were equilibrated in 5.5 mM glucose medium and the IDT recorded. 
11.0 mM pyruvate was added inmediately after (0 time). The effect 
of 10-~M propranolol on a control series of experiments was also 
tested. Each point represents the mean of 6 to 8 experiments. 
Curve 1: Pyruvate on 7 normal atria with no extra additions. 
Curve 2: Pyruvate on 7 atria incubated in 10-5M Db-propranolol. 
Curve 3 : Pyruvate on 8 eatecholamine depleted atria by reserpiniza- 
tion and tyraminization. Curve 4: wL=propranolol 10-bM on 6 
normal atria. 
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Fig. 3.33ffeqt of pyruvate on the developed tension of normal and 
~L-MJ-1999 treated rat atria. Conditions as described in Figure 1. 
The effect of 10-~M mL-MJ-1999 on a control series of experiments 
was also tested. Curve 1: Pyruvate on 7 normal atria with no extra 
additions. Curve 2: Pyruvate on 10 atria incubated in 10-~M 
DL-MJ-1999. Curve 3 : DL-MJ-1999 on 7 normal atria. 

60 min  af ter  py ruva t e :  --  6.0 q- 3.2, n = 7; DL-MJ 1999 
t r ea t ed  vs controls,  p < 0.01). On t h e  contrary ,  the  pre-  
sence of these  adrenergic  fi-blockers, Or the  deple t ion  of 
endogenous  ca techolamines  by  reserpine and t y r a m i n e  
were unable  to  modi fy  s ignif icant ly  the  early t r ans i en t  
depress ion of atr ial  IDT observed af ter  the  addi t ion  of 
11.0 m M  pyruva te .  

Discussion.  The results  of th is  inves t iga t ion  ind ica te  
t h a t  there  are ev iden t  in te r re la t ionships  be tween  a t r ia l  
cont rac t i le  e f fec ts  of metabol ic  subs t ra tes ,  f i-adrenergic 
blocking agents  and deple t ion  of endogenous  ca techol-  
amines.  

The exper imen ta l  evidence also indicate  t h a t  the  e f fec t  
of DL-propranolol and DL-MJ 1999 on the  deve loped  
tens ion  of isolated ra t  a t r ia  canno t  be s imply  exp la ined  
by  the  b lockade of fi-receptors. This  f inding is in ag ree -  
m e n t  w i th  t h a t  of LEvy  and  RICHARDS 7, and  LEVY s, 
on isolated r abb i t  atria.  

We have  also shown t h a t  the  reduc t ion  of deve loped  
tens ion induced by  the  add i t ion  of DL-propranolol o r  
DL-MJ 1999 to a t r ia  suspended  in K R B  m e d i u m  wi th  
glucose as the  subst ra te ,  was s ignif icant ly  grea ter  t h a n  
t h a t  observed  wi th  p y r u v a t e  as t he  subs t ra te .  F u r t h e r -  
more,  the  IDT of ca techolamine  deple ted  a t r ia  su spended  
in K R B  med i u m wi th  pyruva te ,  was grea ter  t h a n  t h a t  
in glucose as well as t h a n  t h a t  of control  a t r ia  suspended  in 
glucose or py ruva te .  Therefore,  it  is ev iden t  t h a t  a f t e r  
ca techolamine  deplet ion,  or in the  presence of fl-adrenergic 
blockers, p y r u v a t e  became a be t t e r  subs t r a t e  t h a n  glucose 
for the  ma in t enance  of h igher  levels of the  developed 
tens ion of isolated ra t  atr ia .  

I t  is ev iden t  f rom the  p resen t  results  t h a t  ca techol-  
amine  deple t ion by  a combina t ion  of reserp in iza t ion-  
ty ramin iza t ion ,  as well as the  presence of adrenergic  
//-blockers, can s ignif icant ly  a l ter  the  late phase  of t h e  
depress ive  influence of h igh concen t ra t ions  of p y r u v a t e  
on the  contrac t i le  tens ion  of isolated ra t  atria.  However ,  
as t he  same t r e a t m e n t s  d id  no t  al ter  t he  ear ly  t r a n s i e n t  
depress ion of developed tens ion  induced  by  py ruva te ,  
it  would appear  t h a t  the  effects of p y r u v a t e  on atr ia l  
con t rac t ion  are complex  and possibly associated to dif-  
fe rent  mechanisms .  As previously  descr ibed 1-3,5 t h e  
developed tens ion  of isolated r a t  a t r ia  is par t i cu la r ly  
sensi t ive  to the  presence of exogenous glucose and  to  
t he  in tegr i ty  and  normal  opera t ion  of t he  E m b d e n -  
Meyerhof  p a t h w ay .  Also it was pos tu la ted ,  based on 
b iochemical  f indings 9 14, t h a t  t he  depress ion of a t r ia l  
contract i le  tens ion  observed af ter  the  add i t ion  of increas- 
ing concen t ra t ions  of p y r u v a t e  or af ter  t r e a t m e n t s  able  
to  induce a l tera t ions  on the  ra te  of ut i l izat ion of p y r u v a t e  
via  t he  t r i ca rboxy la t e  cycle, could be a consequence  of 
t he  inh ib i t ion  of the  me tabo l i sm of glucose ~, 5. 

A l though  the  p resen t  expe r imen ta l  evidence does no t  
p e rmi t  a def ini t ive conclusion regard ing  the  possible  
mechanism(s)  responsible  for the  modi fy ing  effect  t h a t  
ca techotamine  deple t ion  or adrenergic  fl-blpckers have  
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s V. LEVY, Archs. int. Physiol. Biochem. 75, 381 (1967). 
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10 j .  R. WILLIAMSON, Biochem. J. 93, 97 (1964). 
11 j .  R.  WILLIAMSON, J .  biol .  Chem. 2dO, 2308 (1965). 
13 j .  V. PASSANEAO and O. H. LowRY, Biochem. biophys. Res. 

Commun. 13, 372 (1963). 
13 A. PARMEOOIANI and R. It. BOWMAN, Biochem. biophys. Res. 

Commun. 12, 268 (1963). 
1~ E. J. DAvis and J. H. QUASTEL, Can. J. Biochem. 42, 1605 (1964). 
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o n  t h e  con t rac t i l e  inf luences  of p y r u v a t e ,  we suggest,  as 
a work ing  hypothes i s ,  t h a t  such  ac t ion  could be  associa ted  
w i t h  a fas te r  r a t e  of t he  m e t a b o l i s m  of p y r u v a t e ,  a sub-  
:strate which,  w h e n  a c c u m u l a t e d  readi ly ,  depresses  the  
deve loped  t ens ion  of i so la ted  r a t  a t r i a  1,3. Indeed ,  t he  
.effects of c a t echo l amine  deple t ion,  f i -adrenergic b lock ing  
a g e n t s  and  ca t echo lamines  on t he  m y o c a r d i a l  m e t a b -  
ol ism of f a t t y  acid ~5,16 could resu l t  in changes  of t he  
t i ssue  levels of A-CoA, a m e t a b o l i t e  k n o w n  as a con t ro l le r  
of t he  a c t i v i t y  of p y r u v a t e  d e h y d r o g e n a s e  17 and  t h e r e b y  
as a r egu la to r  of t he  r a t e  of e n t r y  of p y r u v a t e  in t he  
~cricarboxylate cycle ~s, 19 

dans  les orei l le t tes  d6pl6t ion6es de ca th6cho lamines  ou en  
pr6sence de DL-propanolol  ou du  MJ  1999. 
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Rdsumd. La  r6duc t ion  de l ' a m p l i t u d e  de la t ens ion  
.contract i le  aur icu la i re  p rodu i t e  p a r  le DL-propanolol  ou 
pa r  le M J  1999 ne  p e u t  6tre consid6r6e u n i q u e m e n t  
c o m m e  une  cons6quence  du  b locage  des r6cep teurs  
f l -adr6nergiques .  D ' a u t r e  par t ,  Fac t ion  i no t rop ique  des 
drogues  cit6es est  n e t t e m e n t  d i f f6rente  s u i v a n t  que les 
ore i l le t tes  se t r o u v e n t  dans  u n  mil ieu c o n t e n a n t  de la 
g lucose  ou du p y r u v a t e .  L a  d6press ion con t rac t i l e  pro- 
voqu6e  p a r  l ' ag r6ga t  du  p y r u v a t e  fur  n e t t e m e n t  m o i n d r e  

la S. MALLOV and A. A. ALOUSI, Am. J. Physiol. 276, 794 (1969). 
16 p. B. GARLAND and P. J. RAXDLE, Bioehem. J. 97, 6c (1964). 
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On the Mechanism of Amphetamine Potentiation by Iprindole 

R e c e n t  s tudies  w i t h  ty ros ine  h y d r o x y l a s e  i nh ib i t o r s  
h a v e  sugges ted  t h a t  a m p h e t a m i n e  is an  ind i rec t ly  ac t ing  
s y m p a t h o m i m e t i c  a m i n e  whose  cen t r a l  ac t ion  depends  
u p o n  t he  u n i n t e r r u p t e d  syn thes i s  of c a t echo l amines  1 3. 
D e s i p r a m i n e  (DMI) a n d  o the r  t r icycl ic  a n t i d e p r e s s a n t s  
w h i c h  b lock  t h e  u p t a k e  m e c h a n i s m  for n o r e p i n e p h r i n e  in 
c e n t r a l  n o r e p i n e p h r i n e  fibers4, ~ h a v e  been  shown to 
e n h a n c e  and  to  p ro long  t he  cen t r a l  effects el ici ted b y  
a m p h e t a m i n e  in t h e  rat6-% The  e n h a n c e m e n t  and  t he  
p r o l o n g a t i o n  of t h e  ac t ion  of a m p h e t a m i n e  a f te r  t he  
a d m i n i s t r a t i o n  of DMI- l ike  a n t i d e p r e s s a n t s  appea r s  to  be  
t he  consequence  of an  i nh ib i t i on  of t he  m e t a b o l i s m  of 
amphetamine1~ Ipr indole ,  a new t r icycl ic  an t idepres -  
sant ,  does n o t  a p p e a r  to  b lock  t he  u p t a k e  of norep ine-  
p h r i n e  t h r o u g h  t h e  n e u r o n a l  m e m b r a n e  b u t  never the les s  
s t r ik ing ly  enhances  m a n y  cen t r a l  effects of a m p h e t -  
a m i n e  15. The  p re sen t  s tudies  were u n d e r t a k e n  to  deter -  
m i n e  w h e t h e r  these  ac t ions  of ip r indole  m i g h t  also be  t he  
consequence  of a modi f i ca t ion  of t he  d i s t r i b u t i o n  or 
m e t a b o l i s m  of a m p h e t a m i n e .  

Male Sp rague -Dawley  r a t s  (180-220g)  were used. 
A m p h e t a m i n e  was a d m i n i s t e r e d  i.v. as t h e  su l fa te  sa l t  
a n d  ip r indole  was in jec ted  i.p. as t he  h y d r o c h l o r i d e  
30 m i n  before  t he  a d m i n i s t r a t i o n  of a m p h e t a m i n e .  
D - A m p h e t a m i n e - H S - s u l p h a t e  (general ly  labeled,  4.23 
c /mmol)  was  o b t a i n e d  f rom t he  New E n g l a n d  Nuc lea r  
Corpora t ion .  The  d rug  was assayed  b y  a mod i f i ca t ion  of 
t he  m e t h o d  of AXELROD 16 as p rev ious ly  descr ibed  10. 
P s y c h o m o t o r  s t i m u l a t i o n  was m e a s u r e d  in W i l l i a m s o n  
a c t i v i t y  cages over  a per iod  of 10 h. 

A single dose of ip r indole  enhances  and  s t r ik ing ly  
pro longs  t he  p s y c h o m o t o r  a c t i v i t y  el ici ted b y  D-amphe t -  
a m i n e  (Figure 1). Fo r  example ,  in r a t s  p r e t r e a t e d  w i t h  
ipr indole  (2 mg/kg);  D - a m p h e t a m i n e  (2 nlg/kg) el ici ted a 
m a r k e d  p s y c h o m o t o r  s t i m u l a t i o n  as long as 9 h a f te r  i ts  
a d m i n i s t r a t i o n .  I n  an i m a l s  wh ich  h a d  no t  been  p r e t r e a t e d  
w i t h  ip r indole  t he  ac t ion  of the  same  dose of a m p h e t a m i n e  
pers i s ted  for on ly  2 h, w i t h  t h e  m a x i m u m  a c t i v i t y  
occurr ing  a t  1 h. Ip r indo le  g iven  a lone  d id  no t  evoke  a 
m e a s u r a b l e  s t imu la t ion .  I t  is n o t e w o r t h y  t h a t  a f ive-fold 

increase  in t he  dose of ipr indole  did  n o t  increase  t he  
p o t e n t i a t i o n  and  p ro longa t i on  of t h e  ac t ion  of a m p h e t -  
amine .  

The  m e a s u r e m e n t  of H a - D - a m p h e t a m i n e  in b r a i n  
revea led  t h a t  t he  levels of D - a m p h e t a m i n e  decreased  
loga r i t hmica l ly  (Figure 2) in  b o t h  con t ro l  and  ip r indole  
p r e t r e a t e d  animals .  I n  an ima l s  p r e t r e a t e d  w i t h  ipr indole ,  
t he  b r a i n  levels of D - a m p h e t a m i n e  were no t  on ly  h igher  
t h a n  those  of con t ro l  an ima l s  b u t  decl ined a t  a s lower 
r a t e  (t-1/2 for a m p h e t a m i n e  a p p r o x i m a t e l y  1 h, t-1/2 for 
ipr indole  and  a m p h e t a m i n e  a p p r o x i m a t e l y  4 h ) .  The  
analys is  of the  h o m o g e n a t e s  of t he  bodies  of these  an ima l s  
showed t h a t  p r e t r e a t m e n t  w i t h  ipr indole  no t  on ly  resu l ted  
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Fig. 1. Effect of iprindole on psychomotor stimulation elicited by 
D-amphetamine. O--Q, n-amphetamine; A--A, iprindole (2 mg/kg) 
+ D-amphetamine; A--A, iprindole (10 mg/kg) + D-amphetamine; 
----, iprindole (10 mg/kg). Psychomotor activity is expressed as 
integrated counts per hour. Each value represents the mean of 6 10 
animals. Iprindole was given i.p. 30 min before D-amphetamine 
(2 mg/kg per i.p.). 


