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HRUSKA, R. E., P. D. THUT, R. J. HUXTABLE AND R. BRESSLER. Suppression of conditioned drinking by taurine 
and related compounds. PHARMAC. BIOCHEM. BEHAV. 3(4) 593-599,  1975. - Mice were conditioned to respond 
for water reinforcements on a FR-5 schedule. Taurine, injected intraperitoneally at doses of 9.0, 13.8, and 21.3 
mmole/kg, 30 min prior to the experimental session, produced a dose-related decrease in both the initial response rate 
and total number of reinforcements received by mice deprived of water for 24 hr. The structural analogues of taurine 
(aminomethanesulfonic acid, 3-aminopropanesulfonic acid, #-alanine, cysteamine, and glycine) also produced a hypo- 
dipsia. Doses of taurine which produced depression of responding for water reinforcements were used which produced 
no suppression of spontaneous motor activity, rotarod performance, Sidman avoidance, or shuttle-box avoidance. After 
intraperitoneal injection, the concentration of taurine increased in the hypothalamus and medulla, but not in other 
brain areas. We suggest that taurine might be acting by specifically depressing areas of the hypothalamus which stimu- 
late drinking. 

Taurine Drinking behavior Hypothalamus 

T A U R I N E  ( 2 - a m i n o e t h a n e s u l f o n i c  acid) has b e e n  r epo r t ed  
to be p resen t  in the  t issues of  n u m e r o u s  ve r t eb ra t e  and  
inve r t eb ra te  species [ 1 0 ] .  In ve r t eb ra t e s  the  h ighes t  concen-  
t r a t i ons  of  t aur ine  occur  in exc i t ab le  tissues. Ra t  skele ta l  
muscle  con ta ins  14 /~mole/g taur ine ,  while  the  rat  hear t  
con ta ins  a b o u t  40 ~m ol e / g  [8 ] .  

The  ef fec ts  of  t aur ine  on  exc i tab le  t issues have b e e n  
s tudied  by  app ly ing  taur ine  to  var ious  n e u r o n s  in the  spinal  
cord [ 3 ] ,  co r t ex  [ 2 ] ,  and  b r a i n s t e m  [6 ] .  S p o n t a n e o u s  elec- 
trical ac t iv i ty  of  n e u r o n s  was i nh ib i t ed  by  the  d i rec t  appli-  
ca t ion  of  t au r ine  in these expe r imen t s .  Recen t ly ,  t au r ine  
has been  p roposed  to  act e n d o g e n o u s l y  as an i n h i b i t o r y  
n e u r o t r a n s m i t t e r  [ 4 , 1 1 ] .  It was r epo r t ed  t h a t  e lectr ical  
impulses  could enhance  the  e f f lux  of  t au r ine  f rom rat  b ra in  
cort ical  slices, and  also t ha t  a h igh af f in i ty  u p t a k e  process  
exis ted for  t au r ine  [ 1 1 ] .  However ,  o the r s  have failed to 
conf i rm th is  obse rva t ion  [7,12 ].  

Despi te  these  s tudies  designed to d e t e r m i n e  the  effects  
of  t au r ine  on  exc i tab le  t issue, the  physio logica l  i m p o r t a n c e  
of  t aur ine  in ve r t eb ra t e s  is no t  k n o w n .  Since t au r ine  has  
been  r epo r t ed  to  be involved in the  o smoregu la t i on  o f  ma- 
rine species [13,  14, 15 ] ,  it was of  in te res t  to  d e t e r m i n e  if 
t au r ine  could  a l te r  the  abi l i ty  of  m a m m a l s  to  regulate  wa te r  
balance.  The  present  s tudy  has  measured  the  effects  of  tau- 
r ine and  various re la ted  c o m p o u n d s  on  wa te r  drive in mice,  
wh ich  had  been  t r a ined  to o b t a i n  all t he i r  daily wate r  allot-  
m e n t  as r e i n fo r cemen t s  in a behaviora l  chamber .  The  intra-  

pe r i tonea l  rou t e  of  admin i s t r a t i on  was used since intra- 
cerebral  admin i s t r a t i on  of  t au r ine  has been  r epo r t ed  to 
decrease m o t o r  act ivi ty  in the  mouse  [ 1 ] .  

METHOD 

Animals 

Male HaM/ICR Swiss mice,  o b t a i n e d  f rom Charles River  
Breeding Labora tor ies ,  weighing 35 + 4 g were used. The  
animals  were housed  in hang ing  cages to  min imize  copro-  
phagia and  access to  urine.  Food  and  wate r  were available 
ad lib un t i l  24 hr  pr ior  to  dr ink ing  expe r imen t s ,  w h e n  the  
wate r  was removed .  

Drugs 

Taur ine  (99% pure)  was o b t a i n e d  f rom Sigma Chemica l  
Co. and  was recrys ta l l ized un t i l  ch roma tog raph ica l l y  pure.  
A m i n o m e t h a n e s u l f o n i c  acid (AMSA),  /3-alanine, 3-amino-  
p ropanesu l fon i c  acid (3APSA) ,  cys teamine ,  and glycine 
were ob t a ined  in pure  fo rm f rom commerc ia l  sources. Since 
the  h ighes t  dose o f  t aur ine  (21.3 m m o l e / k g )  was no t  freely 
soluble in wate r  at sui table  concen t r a t i ons ,  it was p repared  
as a suspens ion  in 0.5% ca rboxymethy lce l lu lose  (CMC). All 
o the r  c o m p o u n d s  were also dissolved or  suspended  in 0.5% 
CMC and were admin i s t e r ed  in t r ape r i tonea l ly  in a vo lume 
of  20 ml/kg.  The  con t ro l  so lu t ions  were made  i soosmot i c  
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wi th  the  e x p e r i m e n t a l  so lu t ions  by  the  add i t ion  of  NaC1 to 
0.5% CMC. 

Procedure 

Conditioned drinking procedure. C o n d i t i o n e d  dr inking  
behav io r  was t ra ined  in a water  r e i n f o r c e m e n t  mouse  cham- 
ber.  The  l iquid d ipper  of  the  appara tus  del ivered approxi -  
mate ly  10 /~1 of tap water .  The  mice were al lowed ad lib 
access on ly  to food  in the i r  h o m e  cages. Water  was available 
only  in the  expe r im en t a l  c h a m b e r  (excep t  b e t w e e n  experi-  
men t s  when  wa te r  was available ad lib). Mice, depr ived of  
wate r  for  24 hr,  were t ra ined  to press a lever to  ob ta in  
water  rewards.  Animals  were t ra ined  on  FR-5 un t i l  a s table 
pe r fo rmance  was achieved dur ing daily 20 min  sessions. The  
t ra ined  animals  showed  a br isk  response  on  FR-5,  wi th  the  
expec ted  p o s t r e i n f o r c e m e n t  pauses,  dur ing  which  t ime  the  
reward was consumed .  The animals  also appeared  to satiate 
dur ing  the  20 rain sessions. 

Each  e x p e r i m e n t  consis ted of  at least one  t ra in ing  day,  
fo l lowed by  a non - t r ea t ed  con t ro l  day. The  non - t r ea t ed  
con t ro l  day was fo l lowed by  an e x p e r i m e n t a l  day on  which  
the  animals  were p re t r ea t ed  wi th  e i ther  an expe r imen t a l  
c o m p o u n d  or  wi th  an i soosmot ic  con t ro l  so lu t ion  of  NaC1 
30 min  pr ior  to  the  e x p e r i m e n t a l  session. The  expe r imen t a l  
day was fol lowed by a non - t r ea t ed  con t ro l  day. A cross- 
over  design was used so tha t  the  behav io r  of  each  an imal  
served as its own  cont ro l .  The  average n u m b e r  of  mice per  
dr inking  e x p e r i m e n t  was 11. 

Two measures  of  response  were used. Firs t ,  the  to ta l  
n u m b e r  of  r e in fo rcemen t s  received by  each animal  was 
recorded,  and  is r epo r t ed  as a percentage  of  the  n u m b e r  of  
r e in fo rcemen t s  received on  the  non - t r ea t ed  con t ro l  day. 
Second,  the  ra te  of  r e spond ing  dur ing  the  first 5 min  of  the  
session was calculated.  This  init ial  response  ra te  appeared  to 
be linear. Ini t ial  response  rates are also r epo r t ed  as a per- 
centage of the  non - t r ea t ed  con t ro l  day ini t ial  response  rate.  
Each mouse  showed  l i t t le  var ia t ion  in this  p a r a m e t e r  over 
many  weeks of  con t ro l  observat ions .  In all expe r imen t s  
mice r e sponded  at con t ro l  ra tes  24 hr  a f te r  in jec t ion .  

Conditioned eating procedure. This was ident ica l  to  the  
cond i t i oned  dr ink ing  p rocedure ,  excep t  tha t  the  rewards  
were 20 mg food  pellets  and  the  sessions were 25 rain long. 
In this  p rocedure  the  animals  did no t  satiate.  There fore ,  in 
order  to  ma in t a in  cons t an t  body  weights,  a p p r o x i m a t e l y  
1.5 g of  food  was freely given each animal  at the  end  of 
each day. 

Motor activity. S p o n t a n e o u s  l o c o m o t o r  act ivi ty was 
measured  in doughnu t - s haped  cages, which  were 30.5 cm in 
d iameter ,  wi th  a 7.5 cm wide circular  r u n w a y  [ 2 1 ] .  As a 
mouse  traversed the  runway ,  4 equal ly-spaced f loor  panels 
w e r e  a l t e rna te ly  depressed,  t he r eby  act ivat ing micro-  
switches  c o n n e c t e d  to  counters .  Animals  were placed one  
to a cage in a dark,  ven t i l a ted ,  sound  a t t e n u a t i n g  chamber ,  
30 rain af ter  the  in jec t ion  of  t aur ine  or  of  the  i soosmot ic  
con t ro l  so lu t ion .  Motor  act ivi ty  was m o n i t o r e d  at suc- 
cessive 15 rain intervals  for  2 hr  by  p h o t o g r a p h i n g  the  
counters  every 15 min  au tomat i ca l ly  [ 2 2 ] .  

Rotarod. The  ro t a rod  is a w o o d e n  rod,  2.5 cm in diam- 
eter  and  14 cm long, ro t a t i ng  at 8 rpm.  The  r o t a rod  was 
suspended 50 cm above a foam r u b b e r  pad o n t o  which  the  
animals  fell when  they  lost the i r  pos i t ion  on  the  ro ta rod .  
Un t ra ined  mice were placed on  the  ro t a rod  for  3 rain and  
the  n u m b e r  of  falls dur ing  the  session was r ecorded  for  each 
mouse.  Animals  fall ing dur ing  the session were immedia t e ly  
r e tu rned  to the  ro ta rod .  

Sidman avoidance. Sidman  avoidance  [19]  was t ra ined  
in a Plexiglas c h a m b e r  (12.7  X 14 X 14 cm) wi th  an elec- 
t r i f iable  grid floor.  The  response  m a n i p u l a n d u m  was a 3.4 
cm dia. d rum m o u n t e d  1.3 cm above  the  f loor  in the  cen te r  
of  one of  the  c h a m b e r ' s  walls. Responses  were registered 
when  the  d rum was moved  t h r o u g h  a 30 ° arc. A 5 sec, 1.0 
m A  scrambled  shock  was p resen ted  to the  grid f loor  every 
10 sec unless the  mouse  responded .  Each d r u m - t u r n i n g  
response  delayed the  shock  for 30 sec and  t e r m i n a t e d  a 
shock  being delivered.  Mice were t ra ined  in 1 hr sessions for  
2 weeks,  at wh ich  t ime  there  was no  fu r t he r  s ignif icant  
change in the i r  day- to-day pe r fo rmance .  Each  e x p e r i m e n t  
consis ted of  a t ra in ing  day,  a non - t r ea t ed  con t ro l  day,  and 
an e x p e r i m e n t a l  day.  On the  e x p e r i m e n t a l  day each  mouse  
received e i the r  taur ine  or an i soosmot ic  con t ro l  so lu t ion  30 
min  pr ior  to  the  s tar t  of the  1 h r  session. A cross-over 
design was used so tha t  the  behav io r  of  each animal  af ter  
the  i soosmot ic  con t ro l  t r e a t m e n t  could be  compared  to its 
behav ior  af ter  the  t aur ine  t r e a t m e n t .  Tota l  responses ,  and 
the  percentage  of  avoidances  and escapes were calcula ted 
for  each 15 rain interval  of  the  session. These  pa ramete r s  
were t h e n  used as a pe rcen t  of  the  non - t r ea t ed  con t ro l  day 
for  b o t h  i soosmot ic  con t ro l  so lu t ions  and  taur ine  solut ions .  

Shuttle-box avoidance. The mouse  shu t t l e -box  was sim- 
ilar in design to tha t  descr ibed by  Seiden [ 1 8 ] .  Two equal  
c o m p a r t m e n t s  (12.3 X 9.3 X 15.5 cm) were divided by  a 
Plexiglas pa r t i t ion  reaching to 3 cm above the  e lect r i f iable  
grid f loor .  Each trial consis ted of  a 20 sec in ter- t r ia l  inter-  
val, fo l lowed by a tone .  Five sec af ter  the  tone  onset ,  a 5 
sec sc rambled  shock  was delivered to  the  grids on  the  side 
of the  c h a m b e r  occupied  by  the  mouse  at the  t ime the  
sound  cue s tar ted .  Af te r  the  shock,  the  20 sec inter- t r ia l  
t imer  res tar ted .  Each daily session consis ted of  40  trials. An 
avoidance  was recorded  when  the  an imal  changed sides of  
the c h a m b e r  dur ing  the  sound  cue bu t  be fore  the  onse t  of 
the  shock.  An escape was recorded  when  the  mouse  
changed sides of  the  c h a m b e r  dur ing the  shock.  A shu t t l e  
failure was recorded  w h e n  the  an imal  failed to cross dur ing 
e i ther  the  sound  cue or shock.  An avoidance  or escape 
tu rned  off  the  sound  cue. However ,  the  sound  cue resumed 
if  a recrossing was made  dur ing  e i ther  the  tone  per iod  or 
shock  period.  Re t rac ing  was always pun ished  by  having the  
shock  remain  o n  for  the  to ta l  5 sec. A cross-over design was 
also used in this  e x p e r i m e n t  so tha t  the  behav io r  of  each 
animal  a f te r  the  i soosmot ic  con t ro l  so lu t ion  could be com- 
pared to its behav io r  af ter  the  t aur ine  solut ion.  Again,  this  
data  is p resen ted  as a percentage  of  the  n o n t r e a t e d  con t ro l  
day. 

Taurine assays. Taur ine  assays were pe r fo rmed  as previ- 
ously descr ibed [9 ] .  Briefly,  the  t issue sample  was homog-  
enized in wa te r  and  t r i ch lorace t ic  acid was added.  Prote in  
was separa ted  by  cen t r i fuga t ion  and  t r i ch lorace t ic  acid was 
r emoved  by  e the r  ex t rac t ion .  The  s u p e r n a t a n t  was t aken  to 
dryness  and ref luxed wi th  HC1. The  s u p e r n a t a n t  was again 
t aken  to dryness  and the  residue was t aken  up  in water ,  
which  was layered on  an ion-exchange  co lumn  con ta in ing  
AG 50 H ÷ ca t ion  exchange  resin layered over an AG 1 C1- 
an ion  exchange  resin. Taur ine  was e lu ted  wi th  wate r  and 
d e t e r m i n e d  using an amino  acid analyzer .  

Dissection. Taur ine  analyses were pe r fo rmed  on specific 
areas of  the  mouse  bra in .  The mice were anes the t i zed  wi th  
e the r  and  the  b o d y  cavity opened .  The  descending aor ta  
was c lamped and  a small  slit was cut  in the  r ight  ventr ic le  of 
the hear t .  T w e n t y  ml of  0.9% NaC1 was per fused  t h r o u g h  
the  bra in  by  in jec t ing in to  the  left  vent r ic le  o f  the  hear t .  
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Af te r  pe r fus ion  the  bra in  was r em oved  and  dissected in to  
five par ts  as previously  descr ibed  for  the  rat  bra in  [5]  w i th  
the  mod i f i c a t i on  t ha t  the  h i p p o c a m p u s  and  m i d b r a i n  were 
inc luded  w i th  the  cerebral  cor tex .  

Statistics. S t u d e n t ' s  t tes t  was used in mak ing  s ta t is t ica l  
compar i sons .  In e x p e r i m e n t s  in wh ich  the  behav io r  of  each  
an imal  served as i ts  o w n  con t ro l ,  t he  pa i red  t m o d i f i c a t i o n  
of  S t u d e n t ' s  t tes t  was used.  P o t e n c y  ra t ios  and  95 pe rcen t  
conf idence  l imits  were p e r f o r m e d  accord ing  to the  pro-  
cedure  of  Li tchf ie ld  and  Wi lcoxon  [ 1 6 ] .  

RESULTS 

Effect o f  Taurine and its Analogues on Water Responding 

Taur ine  p r o d u c e d  a dose-re la ted  decrease  in b o t h  the  
to ta l  n u m b e r  of  rewards  o b t a i n e d  in the  20 min  session and  
in the  ini t ial  ra te  of  r e spond ing  dur ing  the  session,  as com- 
pared  to the  n o n - t r e a t e d  c o n t r o l  day (Fig. 1). The  ra te  of  
r e spond ing  and  the  n u m b e r  of  rewards  received dur ing  the  
i soosmot ic  vehicle  con t r o l  days were e i the r  no  d i f fe ren t  
f rom the  n o n - t r e a t e d  con t ro l  days  or  were increased b y  
those  so lu t ions  wh ich  had  high osmolar i t ies .  Several com- 
p o u n d s  which  are analogues  or  h o m o l o g u e s  of  t au r ine  also 
r educed  the  ini t ial  ra te  and  n u m b e r  o f  responses  made  for  
wate r  by  24 h r  wa te r  depr ived  mice.  /3-Alanine, the  car- 
b o x y l  analogue of  t aur ine ,  p r o d u c e d  a dose-re la ted  decrease  
which  was ind i s t ingu ishab le  in p o t e n c y  f rom the  r e d u c t i o n  
p roduced  by  taur ine .  The  es t ima ted  dose of  t au r ine  to 
p roduce  a 50 pe rcen t  decrease  in in i t ia l  response  ra te  was 
17.0 m m o l e / k g  w i th  95% conf idence  l imits  of  1 2 . 6 - 2 3 . 0  
mmole /kg ,  whi le  tha t  of /3-a lan ine  was 14.0 m m o l e / k g  w i th  
95 pe r cen t  conf idence  l imi ts  of  1 0 . 5 - 1 8 . 6  m m o l e / k g .  
3APSA,  the  th ree  c a r b o n  h o m o l o g u e  of  t aur ine ,  was more  
p o t e n t  than  e i the r  t au r ine  or /3-alanine.  T he  es t ima ted  dose 
o f  3APSA requ i red  to p roduce  a 50 pe rcen t  decrease  in 
ini t ial  response  ra te  for  wate r  was 3.4 m m o l e / k g  w i th  95 
pe rcen t  conf idence  l imits  of  2 . 0 - 5 . 8  m m o l e / k g .  This  dose 
is s ta t is t ical ly  lower  t h a n  the  doses of  e i the r  t au r ine  or  
/3-alanine requi red  to  p r oduce  a 50 pe rcen t  decrease  in 
dr ink ing  behav io r  ( p < 0 . 0 5 ) .  The  2.2 m m o l e / k g  dose of  
3APSA was made  h y p e r t o n i c  by  the  add i t i on  o f  NaC1 (f inal  
mola r i ty  = 0 .3479  molar) .  
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FIG. i .  The effect of taurine, #-alanine, and 3-aminopropanesulfonic 
acid (3APSA) on total rewards and initial rate of 24 hr water 
deprived mice responding on a FR-5 schedule for water 
reinforcements. Data are presented as a percent of the non-treated 
control day. Open symbols are isoosmotic control and the closed 
symbols are treated animals. The vertical bars represent the 
standard error. Mice were injected 30 min prior to the start of the 
20 min session. Significance as compared to the isoosmotic control 

is indicated by (a) p<0.05, (1o) p<0.01,  and (c) p<0.001. 

The  effects  of  AMSA ( the  one c a r b o n  analogue of  tau-  
rine),  glycine (a pu ta t ive  i n h i b i t o r y  n e u r o t r a n s m i t t e r  amino  
acid),  and  cys teamine  (a p roposed  me tabo l i c  p recursor  of  
t au r ine  [10]  ) on  pe r cen t  con t ro l  rewards  and  pe r cen t  con-  
t ro l  ini t ial  ra tes  are r epo r t ed  in Table  1. All three  com- 
p o u n d s  r educed  r e spond ing  for  wate r  by  reduc ing  the  rate 
of  response  as well as the  n u m b e r  o f  to ta l  rewards  received 
dur ing the  session. AMSA and glycine did no t  d i f fer  signifi- 
cant ly  f rom 3APSA.  However ,  cys teamine  was the  mos t  
p o t e n t  of  the  c o m p o u n d s  tes ted .  Cys teamine  at a dose o f  
2.2 m m o l e / k g  was h y p o t o n i c ,  and  because  of  this  h y p o -  
ton ic i ty ,  t he  con t ro l  so lu t ion  was observed  to reduce  the  
to ta l  n u m b e r  of  rewards  and  init ial  response  rate be low 
n o n - t r e a t e d  con t ro l  values. There fore ,  w h e n  the  1.5 

T A B L E  1 

THE EFFECTS OF TAURINE ANALOGUES ON RESPONDING FOR WATER REINFORCEMENTS IN MICE* 

% Control Rewards % Control Rate 
Dose 

Drug (mmole/kg) N Control Treated Control Treated 

AMSAt 9.0 12 92.0 ± 6.4 12.8 -+ 6-75 103.5 ± 6.3 10.0 +~ 7.6:~ 

Cysteamine§ 2.2 12 65.9 ± 7.0 5.6 ±4.25 81.1 ± 11.0 9.4 ± 7.5:~ 

Cysteamine a 1.5 6 127.4 ± 8.8 22.5 ± 6.4 :~ ND b ND 

Glycine 21.3 18 135.3 +-7.5 3.9 -+1.95 108.1 ± 3.5 3.8 ±2.6:~ 

*Data presented as mean ± standard error of the mean of the non-treated control day. 
t AMSA = aminomethanesulfonic acid. 
~p<0.001. 
§ Hypotonic (0.1078 molar). 
aMade hypertonic by the addition of NaC1 (made 0.6922 molar, which is the same as for the 13.8 mmole/kg doses). 
bND = not determined. 
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m m o l e / k g  dose was tes ted,  the  so lu t ion  was made  hyper -  
ton ic  by  the  add i t i on  of  NaC1 so t ha t  i t  had  the  same osmo-  
larity as the  13.8 m m o l e / k g  dose of  the  t aur ine  (0 .6922  
molar) .  The  animals  which  received the  e x p e r i m e n t a l  com- 
pounds  still showed  a br isk response  on  FR-5 ,  however ,  the  
p o s t r e i n f o r c e m e n t  pauses were longer.  The  animals  also 
appeared  to sat iate,  and  there  was no  r e b o u n d  effec t  on  the  
non- t r ea t ed  con t ro l  day which  fo l lowed the  expe r imen t a l  
day. 

The  du ra t i on  of  the  ef fec t  of  t aur ine  on  wa te r  re- 
sponding  is i l lus t ra ted  in Figure 2. B o t h  the  ini t ial  response  
rate and  to ta l  n u m b e r  of  responses  were decreased b y  the  
21.3 m m o l e / k g  dose of  t aur ine  wi th in  30 min  of  the  injec- 
t ion  and r ema ined  depressed for  3 hr .  The  depressan t  effect  
of  taur ine  on  the  ini t ial  response  ra te  was no  longer  ob- 
served 4 hr  a f te r  in jec t ion .  However ,  the  to ta l  n u m b e r  of  
r e in fo rcemen t s  received by  the  t aur ine  t rea ted  group  was 
greater  t han  the  i soosmot ic  con t ro l  4 h r  af ter  the  in jec t ion  
of taur ine .  The  i soosmot ic  con t ro l  so lu t ion  did n o t  affect  
the  rate of  r e spond ing  dur ing the  tes t  session at any  t ime  
poin t ,  or the  to ta l  n u m b e r  of  rewards  in e x p e r i m e n t s  con-  
duc ted  3 hr  or 4 hr  af ter  the  in jec t ion .  However ,  the  to ta l  
n u m b e r  of  rewards  was increased above the  non - t r ea t ed  
con t ro l  day at 1/2, 1, and 2 hr  af ter  in ject ion.  
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FIG. 2. The effect of taurine (21.3 mmole/kg) as compared to the 
non-treated control day as a function of pretreatment time on 
total water rewards and initial response rate. Open symbols a r e  

isoosmotic controls and closed symbols are taurine treated. 
Vertical bars represent the standard error. Significance as 
compared to the isoosmotic control is indicated by (a) p<0.05, 

(b) p<0.01, and (c) p<0.001. 

The  i soosmot ic  cont ro l s  for  t au r ine  (21.3 mmole /kg ) ,  
3APSA (21.3  mmole /kg ) ,  /3-alanine (13.8 mmole /kg ) ,  and  
cys teamine  (1.5 m m o l e / k g )  increased the  to ta l  n u m b e r  of  
rewards  above those  o b t a i n e d  in the  non - t r ea t ed  con t ro l  
day. The  ini t ial  response  ra te  was on ly  increased b y  one  
t r e a t m e n t ,  the  i soosmot ic  con t ro l  for  the  2.2 m m o l e / k g  
dose of  3APSA. The  init ial  response  ra te  is, t he re fo re ,  a 
very s table  pa ramete r .  

Effect o f  Taurine on Responding for Food 

At one-ha l f  af ter  in jec t ion ,  the  21.3 m m o l e / k g  dose of  
t aur ine  depressed cond i t i oned  ea t ing rate to  50% -+ 9% of  
cont ro l ,  while the  9.0 m m o l e / k g  dose did n o t  depress  con-  
d i t ioned  ea t ing rate  (102% -+ 7% of  cont ro l ) .  

Effect of' Taurine and some o f  its Analogues on General 
Behavior 

Spontaneous locomotor activity. Taur ine  (21.3 m m o l e /  
kg) in jec ted  30 min pr ior  to the  s tar t  of  the  2 h r  session 
depressed m o t o r  act ivi ty  in the  per iod  be tween  15 rain and 
60 rain w h e n  compared  to the  m o t o r  ac t iv i ty  o f  the  isoos- 
mot i c  con t ro l  animals  (Fig. 3). There  was no  s ignif icant  
depress ion  for  the  first 15 min,  dur ing  which  t ime the  
init ial  rate of  r e spond ing  for  wate r  was s ignif icant ly  depres- 
sed. At a dose of  13.8 m m o l e / k g ,  t aur ine  p roduced  no  
depress ion  of  m o t o r  act ivi ty over the  2 h r  per iod  (Fig. 3). 
This  dose of  t aur ine ,  however ,  was effect ive in reducing  
b o t h  the  init ial  response  ra te  and to ta l  n u m b e r  of  rewards  
received in the  dr ink ing  expe r imen t .  The  9.0 m m o l e / k g  
dose of  t au r ine  also did no t  affect  m o t o r  act ivi ty ,  b u t  did 
decrease wate r  responding.  

Cys teamine  p roduced  a dose-rela ted decrease in m o t o r  
act ivi ty  which  was an order  of  magn i tude  more  p o t e n t  t h a n  
tha t  p roduced  by  taur ine .  Even the  lowest  dose used (1.5 
m m o l e / k g )  p roduced  a s ignif icant  depress ion  of  2 h r  cumu-  
lative m o t o r  act ivi ty  to  less than  67 percen t  of  cont ro l .  The  
2.2 m m o l e / k g  dose of  cys t eamine  reduced  the  2 hr  cumula-  
tive m o t o r  ac t iv i ty  to  41 pe rcen t  of  con t ro l .  There fore ,  it 
was no t  possible to  dissociate  the  general  m o t o r  depressant  
effects  of  cys teamine  f rom its abi l i ty  to  reduce  re spond ing  
for wate r  rewards.  

Rotarod. The highest  dose of  t aur ine  used in these 
expe r imen t s  (21.3 m m o l e / k g )  did no t  affect  the  abi l i ty  of  
ro tarod-na ive  mice to ma in t a in  the i r  pos i t ion  on  the  rota-  
rod  e i the r  20 min  af ter  in jec t ion  or when  t hey  were re- 
tes ted  40 min af te r  in jec t ion .  The  average n u m b e r  of  falls in 
3 rain for the  i soosmot ic  con t ro l  group (N = 16) was 0.6 + 
0.2 (mean  + SE) at  20 min and 0.1 -+ 0.1 at 40 rain af te r  
in jec t ion .  The  taur ine  t r ea ted  group (N = 16) had  an aver- 
age of  0.2 -+ 0.1 falls at 20 min and 0.1 + 0.1 falls at 40 
min.  

Sidman avoidance performance. The effect  of  t aur ine  on  
S idman avoidance  pe r fo rmance  did no t  appear  to  be dose- 
re la ted (Table  2). The  on ly  ef fec t  on  wheel  tu rn ing  re- 
sponses was p roduced  by  the  lowest  dose o f  t aur ine  (9.0 
m m o l e / k g )  in the  first  30 min and in the  to ta l  1 hr  session. 
This effect  was no t  observed  af te r  the  h igher  doses of  tau-  
fine. This  appa ren t  s tat is t ical  ef fec t  may  have resul ted  f rom 
the  s t imu la t i on  p roduced  by  the  i soosmot i c  con t ro l  solu- 
t ion  for  the  lowest  dose ins tead  of  f rom a depress ion  
p roduced  by  taur ine .  Also, there  were no  effects  of  t aur ine  
on  S idman  avoidance  dur ing the  first  15 min ,  w h e n  the  
init ial  ra te  of  wate r  r e spond ing  was depressed.  The  pe rcen t  
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FIG. 3. The effect of two doses of taurine and their isoosmotic 
controls on spontaneous locomotor activity in mice. Animals were 
injected 30 min before being placed in the chambers. Twelve mice 
are in each group. Vertical lines represent the standard error. 

Significance is indicated by (b) p<0.01 and (c) p<0.05. 

avoidances are also affected,  but  not  in a dose-related fash- 
ion. In general, as the dose o f  taurine was increased, the 
avoidance per formance  improved instead of  worsening. This 
effect  was opposi te  to the result expected  if there had been 
a general dose-related behavioral  depression p roduced  by 
taurine. The percent  escapes was not  affected by  taurine at 
any dose and this result indicates that  the animals were 
capable o f  responding to this aversive st imulus (i.e. shock). 

Shuttle-box performance. Taurine did no t  produce  any 
disrupt ion of  shut t le-box per formance  at any dose studied, 
as compared  to the i soosmot ic  control  solut ion,  when the 
taurine was adminis tered 30 rain prior to the start of  a 40 
trial session. The percent  per formance  of  the isoosmotic  
control  solut ion treated group (N = 7) as compared to their  
non- t reated cont ro l  day was 97.5 -+ 8.1 (mean + SE) for 
total  shuttles,  135.2 + 37.0 for inter-trial shuttles,  134.7 + 
20.2 for percent  avoidance,  and 100.0 -+ 0.0 for  percent  
escapes. The percent  per formance  of  the taurine t reated 
group (21.3 mmole /kg ,  N = 7) as compared  to the non- 

t reated control  day was 99.0 + 7.0 for total  shuttles,  117.1 
+ 34.2 for inter-trial shuttles,  87.2 + 12.5 for percent  avoid- 
ance, and 100.0 +- 0.0 for percent  escapes. The 9.0 and 13.8 
mmole /kg  doses of  taurine were similarly wi thou t  effect  as 
compared to their  i soosmotic  controls.  

Taurine Concentration in Various Areas o f  the Brain 

The 21.3 mmole /kg  dose of  taurine increased taurine 
levels only in the hypotha lamus  and medulla  30 min after  
the intraperi toneal  inject ion (Table 3). The taurine levels in 
the o ther  brain areas, the cerebellum, s tr iatum, and cerebral 
cortex,  were not  affected by this dose o f  taurine 30 min 
after inject ion.  

DISCUSSION 

Taurine has been proposed as an osmotical ly  active sub- 
stance o f  impor tance  in the osmoregula t ion  of  marine 
invertebrates,  such as the mussel and echinoderms [13 ,14] ,  
and in two  species of  fish, the f lounder  and the three-spined 
stickleback [15] .  In the mussel, taurine appears to be se- 
questered by cells to increase the osmolar i ty  needed for 
normal  cell size and thus spare o ther  amino acids f rom this 
role. In the o ther  invertebrates  and fish, taurine appears to 
be released f rom cells to reduce their  osmolar i ty  and main- 
tain normal  cell size and keep the funct ional  amino acids at 
normal  levels. 

This func t ion  of  taurine appears inappropriate  for non- 
marine vertebrates that  do not  have to maintain an osmot ic  
balance with their  surroundings. Indeed,  the increase of  
osmot ica l ly  active particles in the b lood would increase 
thirst, not  decrease it. However ,  in vertebrates o ther  effects 
of  taurine have been shown which may resolve this para- 
dox. The mic ro ion tophore t i c  applicat ion of  taurine and 
related substances to neurons in the spinal cord [3] ,  brain- 
stem [6] ,  and cor tex  [2] decreases their  spontaneous  firing 
rate and may cause a hyperpolar iza t ion  of  these neurons 
[3]. 

In vertebrates,  certain of  the control  mechanisms for 
body fluid balance appear to reside in the hypotha lamus ,  
and a drinking circuit  has been proposed that  includes 
various hypotha lamic  areas [ 17,20] .  If taurine depressed 
the neuronal  activity of  these hypotha lamic  circuits which 
p romote  drinking, then the hypodipsic  effects o f  taurine 
would  be predicted f rom this model .  Since the hypotha l -  
amus would  regulate thirst s t imulat ion,  a depression in this 
area would  negate the hyperosmot ic  s t imulat ion of  the 
injected solut ion [17] .  Fur thermore ,  the int raper i toneal  
adminis t ra t ion of  taurine leads to increases in the concen-  
t ra t ion of  taurine only in the hypotha lamus  and medulla,  
but  not  in the o ther  brain areas. The significance of  the 
increase in the medulla is not  known,  t ]owever,  these re- 
sults suggest that intraperi toneal  injections of  taurine,  which 
selectively increase hypotha lamic  taurine concentra t ion,  
might result in changes only in those behaviors which are 
mediated by the hypothalamus.  In this light, it is not  sur- 
prising that  under  the same exper imenta l  design there is 
also a depression by taurine of  condi t ioned eating. How- 
ever, taurine does not  depress condi t ioned eating behavior  
to the same ex ten t  as drinking behavior.  This implies a 
partial separat ion of  the effects  of  taurine on condi t ioned 
drinking and eating. After  the intraperi toneal  taurine 
administrat ion,  there is no increase in the taurine concen- 
trat ions of  areas of  the brain which are involved with mo to r  
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TABLE 2 
THE EFFECT OF TAURINE, INJECTED 30 MIN PRIOR TO THE START OF A 60 MIN SESSION, ON SIDMAN AVOIDANCE 

PERFORMANCE IN MICE. PERCENTAGE CHANGE AS COMPARED TO NON-TREATED CONTROL DAY.* 

Wheel Turning Responses % Avoidances % Escapes 
Time Doset 
(min) (mmole/kg) lsoosmotic Taurine lsoosmotic Taurine Isoosmotic Taurine 

15 9.0 138.5 _+ 16.1 98.3 ± 13.7 106.3 ± 7.6 87.0 ± 5.8 101.7 ± 1.7 100.0 -+ 0 

13.8 93.1 ± 13.2 98.3 -+ 19.0 99.1 ± 1.6 91.3 • 3.85 100.0 ± 0.0 100.0 _+ 0 

21.3 87.5 _+ 17.8 76.3 ± 18.6 98.8 ± 0.7 92.4-+ 5.8 100.0 ± 0.0 100.0± 0 

30 9.0 139.3 _+ 14.6 85.8 ± 13.65 102.5 -+ 4.1 87.3 ,+ 5.0 101.2 +_ 1.2 100.0 ± 0 

13.8 98.7 ± 14.9 100.I ,+ 23.6 99.9 ,+ 1.0 93.7 ± 2.85 95.8 _+ 4.2 100.0 ,+ 0 

21.3 94.9 ± 10.2 78.2 ± 13.8 99.5 ,+ 0.6 94.4 ,+ 3.4 100.0 ,+ 0.0 100.0 _+ 0 

60 9.0 136.2 + 12.8 89.7 ± 14.05 101.0 ± 1.9 92.7 _+ 3.3 101.2 ,+ 1.2 100.0 +- 0 

13.8 94.5 ,+ 13.7 77.8 ,+ 12.9 99.9 ,+ 0.7 96.6 ,+ 1.55 96.9 + 3.1 100.0 ,+ 0 

21.3 99.2 ,+ 9.7 74.0 -+ 9.9 100.0 ,+ 0.4 96.4 ,+ 1.65 100.0 ,+ 0.0 100.0 ,+ 0 

• Data is presented as mean +_ standard error. 
tEight animals were used at each dose. 
$p<0.05 as compared to the isoosmotic control day. 

TABLE 3 

TAURINE LEVELS (#mole/g wet wt)* IN VARIOUS REGIONS 
OF THE MOUSE BRAIN 30 MIN AFTER INTRAPERITONEAL 

INJECTION 

Brain Region Control t Taurine$ p Value 

Cerebellum 9.05 +- 0.36 8.77 ± 0.15 NS§ 

Medulla 5.33 ± 0.26 6.18 -+ 0.23 <0.05 

Hypothalamus 4.76 -+ 0.07 5.62 +- 0.13 <0.005 

Striatum 11.92 ± 0.73 12.32 -+ 0.45 NS 

Cerebral Cortex 9.95 -+ 0.42 9.16 -+ 0.28 NS 

*Four samples per value _+ standard error. 
tControl (0.5% CMC). 
STaurine (21.3 mmole/kg). 
§NS = not significant, p>0.05. 

cont ro l  and o ther  behavioral funct ions .  The present  s tudy 
shows that  doses of  taurine which affec ted  drinking did no t  
produce  a general behavioral  depression.  The 9.0 and 13.8 
mmole /kg  doses of  taurine produced  no d is rupt ion  of spon- 
taneous l o c o m o t o r  activity (Fig. 3) or shu t t le -box  perfor-  
mance.  The highest  dose of  taurine used in this s tudy (21.3 
mmole /kg)  only depressed spon taneous  m o t o r  activity in a 
consistant  manner  (Fig. 3). This dose was wi thou t  ef fect  on 
ro tarod pe r fo rmance  and shu t t l e -box  avoidance.  The effect  
of taurine on Sidman avoidance pe r fo rmance  (Table 2) was 
not  dose-related and was not  consis tent ly  p roduced  on any 
one of  the parameters  measured.  For  example ,  escape 
responding was not  af fected,  while wheel  turning and avoid- 
ance responding were variably reduced.  

To solve this discrepancy,  ano the r  active avoidance per- 
formance  was also measured.  Shut t l e -box  avoidance is more  
difficult  for  the animal to learn and is a more  sensitive 
measure of behavior  than Sidman avoidance.  If taurine 
caused a general behavioral  depress ion in the Sidman avoid- 
ance procedure  that  was partially h idden ,  this depress ion 
should become  more apparent  in shut t le -box  avoidance.  
However,  there  was no effect  o f  taurine on shu t t l e -box  per- 
fo rmance  at any dose used. It would  appear  tha t  the pos- 
sible general behavioral  depress ion effects  of  taurine are 
separable f rom the depress ion of  responding  for water  rein- 
fo rcemen t s  in mice, if the c o m p o u n d  is adminis tered  intra- 
peri toneal ly.  With cys teamine the general behavioral  depres- 
sant effect  was impossible to separate f rom the depress ion 
of drinking. 

The observat ion  that  the in t racerebroventr icular  admin-  
is t rat ion of  taurine caused a general  d is rupt ion  of  behavior  
in mice [1 ] ,  lends fur ther  suppor t  for the hypo thes i s  that  
the specifici ty of the act ion of  taurine on the hypo tha l amus  
may be related to its differential  brain permeabi l i ty .  

Af te r  in t raper i toneal  adminis t ra t ion  taurine selectively 
increases in concen t ra t ion  in the  hypo tha l amus  and de- 
creases responding for water  wi thou t  affect ing o the r  general 
behaviors.  Since taurine has been shown to depress various 
neurons  in the brain [2, 3, 6 ] ,  we pos tu la te  that  taurine 
depresses the hypo tha l amic  centers  necessary to s t imulate  
drinking behavior.  
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