
Pharmacology Biochemistry & Behavior, Vol. 4, pp. 531-534.  Copyright © 1976 by ANKHO International Inc. 
All rights of  reproduction in any form reserved. Printed in the U.S.A. 

Reduction by Propranolol of Raised Urinary 
Output of MHPG in Hyperactive Rats 

Z I P O R A  SPE I SER AND M A R T A  WEINSTOCK 3 

Department o f  Physiology and Pharmacology, Sackler School o f  Medicine, Tel Aviv University 
Ramat A viv, Israel 

(Rece ived  2 O c t o b e r  1975)  

SPEISER, Z. AND M. WEINSTOCK. Reduction by propranolol of raised urinary output of MHPG in hyperactive rats. 
PHARMAC. BIOCHEM. BEHAV. 4 (5)531-534 ,  1976. - Prolonged isolation of rats resulted in hyperactivity in the open 
field and a significant increase in 24 hr urinary excretion of MHPG (3-methoxy-4-hydroxyphenylglycol). Exploratory 
activity of group-housed rats in open field was not associated with raised MHPG excretion, compared with that of rats 
remaining in home cages. Exposure of group-housed rats to 4°C for 2 hr also increased urinary excretion of MHPG. 
Pretreatment of isolated rats with dl-, d-propranolol or practolol abolished hyperactivity of isolated rats and reduced 
MHPG output in these rats and in rats exposed to cold. dl-Propranolol did not reduce activity of group-housed rats in open 
field or their urinary excretion of MHPG. It is suggested that propranolol may have a selective inhibitory effect on 
stress-induced increases in noradrenaline turnover. 
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A n u m b e r  of  a t t e m p t s  have been  made  to evalua te  the  role 
of  cen t ra l  no rad rena l ine  in af fec t ive  d isorders  by measur ing  
changes  in the  ur inary  levels of  MHPG ( 3 - m e t h o x y - 4 -  
h y d r o x y p h e n y l e t h y l g l y c o l )  [ 15] ,  the  ma jo r  m e t a b o l i t e  of  
n o r a d r e n a l i n e  in the  cen t ra l  ne rvous  sys tem [ 1 0 ] .  Several 
au tho r s  have r epo r t ed  raised levels of  MHPG in the  ur ine  or  
ce rebrosp ina l  fluid of  some manic  pa t ien ts ,  which  r e t u r n e d  
to no rma l  when  the  manic  phase  subs ided  [ 7 , 1 9 ] .  Fu r the r -  
more ,  the  increased o u t p u t  of  MHPG in these  pa t i en t s  was 
associated wi th  s h o r t e n e d  REM (rapid eye m o v e m e n t )  sleep 
t imes,  s u p p o r t i n g  the  view tha t  MHPG exc re t i on  may  
reflect  cen t ra l  no rad rene rg ic  ac t iv i ty  [ 14] .  

In a s tudy  of  the  effect  of  p rop rano lo l  in acu te  
psycho t i c  pa t ien ts ,  it was found  tha t  a s ignif icant  clinical 
i m p r o v e m e n t  occur red  on ly  in those  subjec ts  having  high 
p r e t r e a t m e n t  ur inary  levels of  MHPG [ 1 ]. 

In add i t i on  to b lock ing /3  a d r e n o c e p t o r s  p r op r ano lo l  can 
also prevent  the  release of  no rad rena l ine  f rom s t imula ted  
s y m p a t h e t i c  nerves. This  p r o p e r t y  is shared by the  d- 
isomer,  which  is a m u c h  weaker /3  a d r e n o c e p t o r  an tagon i s t  
and by practolol ,  which  lacks local anaes the t i c  ac t ions  [5, 
10, 11] .  

All th ree  drugs selectively reduce  the  a b n o r m a l  hyper -  
act ivi ty p roduced  in rats  by p ro longed  social i sola t ion [ 16] .  
The i r  abi l i ty  to  do so may the r e fo re  be re la ted  to a 
r e d u c t i o n  in an excessive release of  no rad rena l i ne  r a the r  
t han  to b lockade  of  pos t synap t i c /3  ad renocep to r s .  

If i so la t ion- induced  hype rac t i v i t y  in rats  resul ts  f rom an 

increase in the  t u rnove r  of  cen t ra l  or  per iphera l  no rad ren -  
aline,  one  might  expec t  this  to be re f lec ted  by an e levated 
MHPG excre t ion  in the urine.  The  purpose  of  the present  
inves t iga t ion  was to test  this  h y p o t h e s i s  and to  f u r t he r  
d e m o n s t r a t e  the  use of  the  isolated rat  as a mode l  for  
hype rac t iv i ty  s ta tes  involving increased no rad rena l ine  
release. E x p e r i m e n t s  were also designed to see w h e t h e r  the  
selective t ranqui l iz ing  ef fec t  of  p rop rano lo l  was associated 
wi th  a r educ t i on  in MHPG ou tpu t .  

METHOD 

Animals 

Male Wistar a lb ino  rats  were housed  in individual  cages 
for 6 - 8  weeks af te r  weaning,  while  l i t te r  ma te  con t ro l s  
were housed  in groups  of  3 - 5 ,  as previously  descr ibed 
[ 1 6 ] .  

Procedure 

Open field test. On the  day of  the  e x p e r i m e n t ,  sol i tary- 
housed  or g roup-housed  rats  were in jec ted  s u b c u t a n e o u s l y  
wi th  one  of  the  fol lowing:  saline, 1 ml /kg,  d l -p ropranolo l ,  
d -p roprano lo l  or prac to lo l ,  all 1 mg/kg  in saline. F i f t een  
min  la ter  the  rats were i n t r o d u c e d  individual ly  in to  the  
open  field and  the i r  m o t o r  act ivi ty  scored for  10 min  as 
previously  descr ibed as a m b u l a t i o n  [ 16,191 • 

Immed ia t e ly  af te r  exposure  to the  open  field, the  rats  

1 This work forms part of a Ph.D. thesis to be submitted by Zipora Speiser to Tel Aviv University. 
2 Part of this study was presented at International Congress of Internal Medicine, Tel Aviv, Israel, September 1974. 
3 Send reprint requests to Marta Weinstock, Department of Physiology and Pharmacology, Sackler School of Medicine Tel Aviv University 

Ramat Aviv, Israel. 
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were t rans fe r red  to individual  m e t a b o l i s m  cages, suppl ied 
wi th  food  and water ,  and ur ine  was col lec ted  for  the  
fo l lowing 24 hours .  O t h e r  isolated or g roup-housed  rats  
were t aken  d i rec t ly  f rom the i r  h o m e  cages to m e t a b o l i s m  
cages w i t h o u t  exposu re  to the  open  field and  ur ine  
col lec ted  as above.  In each e x p e r i m e n t  4 - 5  g roup-housed  
rats  were c o m p a r e d  wi th  sol i tary housed  an imals  given 
saline and  one  of  the  drugs. All e x p e r i m e n t s  were carr ied 
ou t  at  a c o n s t a n t  a m b i e n t  t e m p e r a t u r e  o f  2 4 - 2 5 ° C ,  
be tween  900  and 1500 hr.  Act iv i ty  and  ur ine  analysis  da ta  
f rom app rop r i a t e  groups  were pooled  f rom the  individual  
e x p e r i m e n t s  and were analysed  for  s ignif icant  d i f fe rences  
be tween  t r e a t m e n t s  by S t u d e n t ' s  t test.  

Cold exposure  test. Male Wistar rats,  1 8 0 - 2 0 0  g, 
previously  housed  in g roups  of  5, were in jec ted  s u b c u t a n e -  
ously wi th  e i the r  saline, 1 ml /kg,  or  d l -p roprano lo l ,  l mg/kg  
and placed in indiv idual  me tabo l i sm cages. These  were 
ma in t a ined  at an e n v i r o n m e n t a l  t e m p e r a t u r e  of  e i the r  4°C 
or  24°C for  2 hr.  Urine was col lec ted  f rom each rat  dur ing  
these 2 hr  and for a s u b s e q u e n t  22 hr  when  all rats were 
t r ans fe r red  to an e n v i r o n m e n t a l  t e m p e r a t u r e  of  24°C. 
Crea t in ine  c o n c e n t r a t i o n  was d e t e r m i n e d  in a l iquots  of  all 
ur ine  samples.  The  r e m a i n d e r  of  the  ur ine  was acidif ied 
wi th  6NH2SO4 to pH 1 and  s tored at - 2 0 ° C  unt i l  assayed 
for  MHPG c o n t e n t ,  I - 3  weeks later.  

MHPG Es t ima t ions  

MHPG-su lpha te  was e s t ima ted  in all ur ine  samples  by a 
m o d i f i c a t i o n  of  the  m e t h o d  of  Wolf  et  al. [ 19] .  

Five ml a l iquo ts  of  ur ine  were adjus ted  to pH 5.2 wi th  
2N NaOH and i n c u b a t e d  for  18 hr  wi th  10 un i t s  of  
sulfatase  (0.1 ml so lu t ion  in 60% sa tu ra t ed  a m m o n i u m  
sulphate) .  Af te r  e thy l  ace ta te  ex t r ac t i on ,  4 ml of  the  
s u p e r n a t a n t  were evapora t ed  to dryness.  The  res idue was 
dissolved in 0 .15 ml e thy l  a lcohol  and 0.1 ml of  this  
so lu t ion  was c h r o m a t o g r a p h e d  in two d imens ions .  Af te r  
d ry ing  and  fixing at 100 ° C, the  spots  were deve loped  wi th  
d iazot i sed  pa ran i t roan i l ine ,  cut  f rom the  paper  and e lu ted  
wi th  m e t h a n o l  ca rbona te .  The  opt ica l  dens i ty  of  these  
so lu t ions  was d e t e r m i n e d  at 520 mu on  a Gi l ford spec- 
t r o p h o t o m e t e r .  The i r  MHPG c o n t e n t  was e s t ima ted  f rom a 
ca l ib ra t ion  curve provided by dens i ty  readings of  k n o w n  

a m o u n t s  of  MHPG piperaz ine  salt added to 5 ml wate r  and 
subjec ted  to the  same e x t r a c t i o n  p rocedure  on  each 
occas ion  tha t  e s t ima t ions  were pe r fo rmed .  

Drugs 

Drugs used were d l -p roprano lo l  hyd roch lo r ide ,  d- 
p rop rano lo l  h y d r o c h l o r i d e  and p rac to lo l  hyd roch lo r ide ,  
k indly  suppl ied by I.C.I. (Macclesf ield)  Ltd.,  Sulfatase,  
(Sigma)  and  MHPG piperaz ine  salt, (Sigma).  All doses are 
expressed as mg/kg  of  salt. 

RESULTS 

As in our  previous  s tudy,  6 - 8  weeks of  isolat ion 
p roduced  a s ignif icant  increase in the  act ivi ty  of rats in the  
open  field test  compared  with g roup-housed  controls .  One 
mg each of  d l -propranolo l ,  d -p roprano lo l  and prac to lo l  
marked ly  reduced  the  hype rac t iv i ty  of  the  isolated rats. 

In g rouped  rats  however ,  p rop rano lo l  caused a slight but  
s ignif icant  increase in exp lo r a to ry  act iv i ty  at this  dose level. 
(See Table  1.) There  were no s ignif icant  d i f fe rences  in the  
c rea t in ine  c learances  of  e i the r  isolated or g rouped  rats  
exposed  to the  open  field or  r emain ing  in the  me tabo l i sm 
cage. The ur ine  o u t p u t  was h igher  in isolated rats  w h e t h e r  
they  were exposed  to the  open  field or  not .  The /3 
a d r e n o c e p t o r  b lock ing  agents  and d -p roprano lo l  reduced  
the  ur ine  vo lume  in the  isolated rats  bu t  no t  in the  no rma l  
animals.  (See Table  I.) 

There  was no  d i f fe rence  in the  MHPG exc re t ion  in 
isolated or grouped  rats which  remained  in the i r  h o m e  
cages. However ,  10 min in the open  field resul ted in a 
marked  increase in the  o u t p u t  of  this  me tabo l i t e  in the  
ur ine  of  isolated rats, while the  a m o u n t  f rom group-housed  
animals  did not  d i f fer  f rom tha t  of  animals  no t  exposed  to 
the  open  field. P r e t r e a t m e n t  of  isolated rats  wi th  e i the r  d-, 
or d l -p roprano lo l  or prac to lo l  p reven ted  the  rise in u r inary  
exc re t ion  of  MHPG. d l -Propranolo l  had no  effect  on  the  
o u t p u t  of  MHPG in normal  rats  exposed  to the o p e n  field. 
(See Table  1.) 

Exposure  of  g roup-housed  rats  for 2 hr  to  4"C, p roduced  
no  s ignif icant  change  in e i the r  the  c rea t in ine  clearance or 
ur ine volume.  However ,  MHPG exc re t i on  was s ignif icant ly  

T A B L E  1 

THE EFFECTOF -BLOCKING AGENTSON ACTIVITY IN ()PEN FIELD TEST AND URINARY EXCRETION OF MHPG 

Treatment 

Motor 
Activity Creatinine Urine Vol. MHPG Level of Significance p 

No of Score mg/24hr/rat ml/24hr/rat p. g/24hr/rat Motor 
Rats +SE _+SE ±SE ±SE Activity MHPG 

Isolated rats 
1. Home cage 
2. Open field 
3. all-prop, lmg/kg 
4. d-prop. I mg/kg 
5. practolol Img/kg 

Grouped rats 
6. Home cage 
7. Open field 
8. dl-prop, lmg/kg 

30 - -  8.9 _+ 1.9 24.4 _+ 2.7 11.4 ± ( 1 . 8  - -  

45 140 = 9 11.2 _+ 0.9 23.1 ± 2.2 22.0 = 1.6 - -  ~1-21<0.01 
34 76 + 7 9.0 -+ 0.6 15.4 _- 1.8" 13.7 ± 1.7 (2-3)<(1.001 (2-3)<0.01 
20 77 +_ 7 8.9 ± 1.4 15.6 -. 1.4" 14.2 ± 3.0 (2-4)<0.(X)1 (2-4)<0.05 

8 64 -,- 14 9.2 _+ 1.2 16.0 ± 2.4* 16.4 ± 1.4 (2-5)<0.1101 (2-5)<0.05 

20 - -  8.8 -'- 0.1 16.4 +_ 2.4 1(I.8 +_ 2.2 - -  (I-61>0.1 
27 49.6 -+ 5.(I 8.3 -+ 1.3 11.2 +_ 3.2 11.7 .+_ 2.1 (2-71<0.001 (2-71<0.01 
12 72.0 ~ 8.0 8.8 .-r_ 0.2 13.5 +- 2.1 12.1 _+ 2.1 i7-8)<0.05 (7-8)>0.1 

*Signifcantly different from rats in Group 2. p<0.05. 
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T A B L E  2 

URINARY EXCRETION OF MHPG AFTER COLD EXPOSURE 

Creatinine Urine Vol. MHPG 
No of mg/24hr/rat ml/24hr/rat g.g/24hr/rat 

Treatment Rats +_SE -+SE -+SE 

I. Saline, 24°C 15 9.6-+0.4 18.9--2.0 16.5-+1.2 
2. Saline, 4°C 15 9.9-+0.8 19.6-+ 1.6 21.8-+2.2 
3. dl-propran- 

olol 1 mg/kg 10 8.8+--0.9 20.5-+5.3 13.8-+1.3 
4°C 

Level of 
Sig. p 

(1-2)<0.01 

(2-3)<0.01 
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elevated compared  with that  of  rats maintained at room 
tempera ture  (24°C). Pre t rea tment  with 1 mg of  dl- 
propranolol  prevented the increase in excre t ion  of  MHPG in 
cold exposed rats. (See Table 2.) 

DISCUSSION 

There is some evidence that the hyperact iv i ty ,  induced 
in rats by prolonged isolation, may be associated with an 
increase in noradrenal ine act ivi ty in the central  nervous 
system. Stolk et al. [15] showed that  social isolation 
increased the turnover  of  noradrenal ine but  not  that of  
serotonin in the brain. Fur thermore ,  the hyperact iv i ty  
syndrome can be abolished when brain noradrenal ine,  but  
not  dopamine,  is reduced by 40% by intraventr icular  
6 -hydroxydopamine  [ 17].  

In the present s tudy the hyperac t ive  behaviour  o f  
sol i tary-housed rats in the open field was accompanied  by a 
significantly increased excre t ion  of  MHPG in the urine, 
compared  with such animals which remained in their  home  
cages. Rats which had been raised in groups did not  excrete  
more MHPG than did animals which were not  exposed to 
the novel si tuation.  There was also no difference in the 
urinary excre t ion  of  MHPG in isolated and group-housed 
rats remaining in their home cages. This suggested that  
significant differences in the amount  of  noradrenal ine 
released in sol i tary-housed and grouped rats only occurred 
when the animals were exposed to the open field. 

There is some evidence that emot iona l  stress can cause a 
reduct ion  of  noradrenal ine in the brains of  various animal 
species [2 ,3] ,  and an increase in the urinary excre t ion  of  
MHPG in normal  human subjects [ 12]. Thus it is possible 
that emot iona l  stress results in an increase in the release of  
noradrenal ine in the central  nervous system. Exposure  of  
human subjects to cold also results in an elevated urinary 
excre t ion  of  MHPG but not  o f  VMA (vanil lylmandelic  acid) 
[4] ,  while cold exposure  of  rats results in an increase of  

MHPG in rat brain with no change in noradrenal ine levels, 
indicating increased central  noradrenal ine turnover  [9] .  

On the o ther  hand, physical exercise alone in normal  
human subjects [6] or animals [2 ] ,  not  accompanied  by 
emot iona l  stress, does not  alter ei ther  the level of  noradren- 
aline in the brain [2] or the amount  of MHPG excre ted  in 
the urine. Urinary output  of  MHPG was also increased in 
normal  rats in our  exper iments  by exposing them to 4°C 
under condi t ions  in which moto r  activity was severely 
l imited by the small size of  the conta iner  housing them. 
This suggests that  the excre t ion  of  raised amounts  of  MHPG 
in the urine of  isolated rats may not  result f rom the 
increased motor  activity,  but  is associated with a psychic or 
emot iona l  stress which is produced in the rats by the novel 
situation. It therefore  appears that soli tary conf inement ,  in 
which there is prolonged deprivat ion of  social contact ,  
makes rats become overactive to si tuations which are 
relatively innocuous  to animals reared in groups. 

Pre t reatment  of  isolated rats with dl-, d-propranolol  or 
practolol  reduced both the hyperact ivi ty  syndrome and the 
elevated MHPG excret ion.  At the same time, activity of  
group-housed rats in the open field, was, if anything,  
increased by propranolol  and urinary ou tpu t  of MHPG 
remained unchanged. In normal  rats exposed to cold, 
however,  propranolol  also reduced MHPG output .  

This selective effect  of  propranolol  on abnormal  behav- 
ior contrasts with the general sedative action of  diazepam, 
which reduced both the hyperact ivi ty  of  isolated rats and 
normal  explora tory  activity at the same dose of  1 mg/kg 
[17] .  This suggests that propranolol  acts by inhibit ing 
specihcally,  a process which increases noradrenal ine release 
in response to either cold exposure  or  to the stress of  a 
novel envi ronment  in susceptible rats. 

Our findings also support  that  of  Atsmon et  al. [ 1 ], and 
suggest that  propranolol  may have a beneficial  effect  in 
psychot ic  patients with excessive noradrenal ine turnover,  as 
indicated by high urinary levels of  MHPG. 
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