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('. k. MELCIIlOR AN[) R. I). MYERS. PreJ~'rence ]br alcohol evoked hy tetrahydropapaveroline ('FLIP} #tlt~sed chronically 
in thecerehral ventricle of  the rat. PHARMAC. BIO(THI-M. BEHAV. 7Ill  19 35, 1977. The voluntary preference for 
ethyl alcohol in Sprague-l)awley rats was determined over 12 days with water as tile alternative fluid. file alcohol solutions 
offered to the animals were increased systematically in concentrations from 3 1o 30";, according to a three-bottle, 
two-choice technique. "letrahydropapaveroline (l l lP),  a tetrahydroisoquinolme derivative, was infl, sed repeatedly into the 
lateral cerebral ventricle of each rat through a guide tube implanted chronically. The metabolite was dissolved m a ('SI 
vehicle, and infi~sed in a volume of l.tl ul every 15 rain or 4.0 ul every 30 rain around the clock, for the entire 12-day 
period of alcohol-water self-selection. Within 3 to 6 days of tile start of infusion, extraordinary amounts of alcohol were 
consumed which ranged as high as 8 to 17 g per kg per day. Both the racemic mixture of TItP and the S-I-)-TtIP isomer 
exerted this alcohol-inducing effect, when they were infused chronically in a ran,ee of doses from 100 picograms/ul to 1.0 
ug/,al. ('ontrol intraventricular infusions of CSt. according to the same regimen had no effect on alcohol pret'erencc. The 
excessive intake of alcohol during the intraventrieular infusions of ItIP persisted hmg after the cessation of tl~e infusion 
regimen, i.e., during retests carried out at one, six and nine months" intervals. I:urther, when FliP-treated rats were offered 
a simuhaneous choice of a palatable solution of saccharin together with alcohol, they continued to drink large volumes of 
alcohol. The 24 hr patterns or" fluid intake, as registered eontimmusly by a drinkometer, revealed that alcohol drinking was 
typically massed within two to four bouts during the night-time interval, l)uring this period, tile blood alcohol level 
reached concentrations as high as 0.2';. Withdrawal-like symptoms including wet-dog shakes, elevated tail, whisker 
twitching and occasional convulsive episodes, were also observed in the THP-mfused rats. These findings provide support 
for the hypothesis that an alkaloid metabolite, which may be formed in both the brain and periphery, is involved in tile 
mechanism underlying the pathological and sustained drinking which is characteristic of the disease state of alcoholism. 
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IN 1970, two independen t  groups of  investigators hypo the -  
sized that certain condensa t ion  products  of  biogenic amines 
and a ldehydes  may be formed fol lowing the ingestion of  
e thyl  alcohol [3,81. Special a t t en t ion  was focused upon 
one of these substances,  t e t rahydropapavero l ine  (THP) 
which condenses  from dopamine  and dopa ldehyde .  Because 
this alkaloid is a precursor  of  morph ine  in the opium 
poppy ,  Paparer somniJ~'rum [20] ,  'FLIP could cons t i tu te  
the vital b iochemical  link be tween  the addic t ion  to mor- 
phine and to alcohol [8] .  btoreover  its fo rmat ion  could 
underlie the neurohumora l  mechanism of addic t ion to 
alcohol.  

The initial in vitro studies of Holtz et al. [17] revealed 
that -rltP is formed peripheral ly,  when liver mi tochondr i a  
are incubated with dopamine .  Sinlilarly, Tt tP  is de tec tab le  
in the homogena tc  of  the rat 's  brain stem if incubated  with 
' 4 ( ' - d o p a m i n e  and e i ther  e thanol  or ace ta ldehyde  [8, 9, 
46] .  In viv,) not  only is I H P  synthes ized in the liver [ 14], 
but an appreciable amount  of  the mctabol i te  is excre ted  in 
the urine of  the Parkinsonian patient  who is undergoing 
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L-DOPA therapy and sinaultaneously ingests alcohol [44] .  
Al though these studies indicate that THP call be produced 
peripheral ly,  the expe r imen t s  of  Turner  ct al. [46] demon-  
strafe the in vivo synthesis  o f  Tt tP in the brain of the rat. 
Using the technique  of  mass f ragmentography ,  they identi- 
fied TIIP in quant i t ies  ranging from 2.0 to 15.0 ng per g e f  
brain tissue fol lowing the chronic  adminis t ra t ion  of  [.- 
DOPA orally and in concen t ra t ions  of  10.0 to 25.0 ng per g 
o f  brain tissue when alcohol was also given. 

With respect to its funct ional  role, THP possesses 
~-s: , 'mpathonaimetic activity,  as first d o c u m e n t e d  by Laid- 
law in lC)10 1211 and conf i rmed by o ther  workers  more 
recently [3~,~]. FLIP may also inhibit  metabol ic  processes in 
neuronal  tissue which include the uptake of  ca techolamines  
[1] ,  dopamine -o -me thy la t ion  [4 ,13] ,  serotonin  degrada- 
tion by m o n o a m i n e  oxidase [4,131 as well as the dop- 
amine-s t imulated  p roduc t ion  of  cyclic AMP by the dop- 
amine- type  adenyla te  cyclase [45] .  Nevertheless,  a major 
quest ion today  revolves about  the actual relat ionship of  
TtIP to alcohol drinking,  withdrawal ,  anti the addictive 
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mechanism in general. Recent ly ,  we repor ted  that tile 
chronic  infusion of  THP into the cerebral ventricle of the 
rat causes the animal to select and drink solut ions  of 
alcohol even at concen t ra t ions  which are gustatori ly 
noxious  [35] .  This f inding has provided the first evidence 
of a funct ional  link be tween  an amine condensa t ion  
product  and the pathological  dr inking of  alcohol.  

The purpose  of  this investigation was to character ize 
fur ther  several notahle  facets of TIIP's  central  action on 
alcohol drinking of  the rat. TIle present  expe r imen t s  were 
under taken ,  therefore ,  as follows. First. Tt lP was infused in 
a wide range of  doses according to a chronic  regimen in an 
a t t empt  to establish a dose-response  relat ionship with 
respect to alcohol intakc. Second,  the S-(-)-isomer of  H I P  
was infused in the sanle way in order  to examine the 
quest ion of  s tcreospeci f ic i ty  of TIIP. fh i rd ,  the drinking of  
alcohol was tested when other ,  more palatable fluids were 
made available to the rat in which TIIP was infused 
intraventr icularly.  Four th ,  s y m p t o m s  of  withdrawal-l ike 
behavior anti the induct ion  of seizures m the THP infused 
rat were s tudied.  Fif th ,  the dura t ion of act ion on alcohol 
drinking of  THP given by the ventr icular  route  was 
ascertained.  Finally, alcohol preference  fol lowing daily 
in t raper i toneal  reject ions of an eff icacious central  dose of  
Tt lP was  de te rmined .  

M 1-:'1 I t ( I t )  

.,1 n i m  als 

Male rats o f  the Sprague-Dawley strain weighing 350 to 
500 g were housed individually in an o p e n - t o p p e d  cage 
v,'hich was 60 cm high and mainta ined under  a 12-hr 
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light-dark cycle at a t empera ture  of 21 to 23 ('. Powdered  
Wayne Lab Blox was provided ad lib. to each rat from a 
metal cup dispenser  affixed to the floor of  the cage. 

Alcoh,)l I'retT'rence Determination 

l h r e e  calibrated 100 ml Kimax dr inking tubes were 
posi t ioned equidis tant ly  on the front  of each animal 's  cage. 
One tube conta ined  a solut ion of e thyl  alcohol which ',','as 
increased in concen t ra t ion  on each day of the 12-day test 
scqucnce as follows: 3, 4, 5, 6, 7, 9, I 1. 13, 15, 20, 25 and 
30 percent .  Each w~hune/w)lume solut ion was prepared 
with 95 percent  e thanol  and deionized water. A second 
tube cnn ta ined  only water  whereas  the third tube was 
empty .  These tubes were rotated each day according to a 
p rede te rmined  random sequence  to prevent the develop- 
men! of a posi t ion habit [33] .  By systematical ly  raising the 
concen t ra t ion  of alcohol every day, a curve of  preference-  
aversion could thereby  be obta ined .  Body weight and food 
intake of  each rat were recorded every o ther  clay. 

Surgery 

Each rat was anes the t ized  with 30 mg per kg of sodium 
pentobarb i ta l  anti then placed in a s te reo tax ic  ins t rument  in 
the De( ; root  or ienta t ion .  After  a bur hole was drilled in the 
skull at AP 5.8, a guide cannula was posi t ioned 1.5 mm off  
mid-line and lowered to a dep th  of  3.0 mm below the dura. 
l h e  guide cannula consisted of an 8 m m  length o f  20 ga 
thin-wall stainless steel luhing inserted into a threaded 
teflon pedestal ,  as modif ied  after  Khavari [19] .  A 27 ga 
stainless steel in,lector needle was inserted through the 
pedestal  and guide tube,  and patency with the lateral 
venlricle was ascertained with an infusion by gravity flow 

of an artificial cerebrospinal  fluid (( 'SF).  Then,  cranioplast  
cement  ',','as packed around the guide tube pedestal  and 
bone screws so as to hold the cannula assembly firmly" in 
place. A 27 ga stainless steel styler of the same length was 
inserted in the guide tube to prevent the guide from 
becoming  obs t ruc ted .  

Chronic ln/usion Procedure 

A 27 ga injector  needle was f r ic t ion-f i t ted within a 
tef lon hub,  so as to ex tend 1.0 mm beyond  the guide tube. 
The hub-needle  assembly was held in place by a cap which 
was screwed on to  the guide tube pedestal  [19] .  Since the 
needle hub could turn freely inside the cap, the animal had 
comple te  f reedom of  rotat ional  n lovement .  A length of 20 
ga po lye thy lene  (PE) tubing (PE 20) was forced on to  tile 
injector  needle and run from this Khavari swivel [19] to a 
swivel-bolt pulley suspended above the animal 's  open-  
topped cage. A metal  weight of  approx imate ly  30 g was 
posi t ioned on the tubing be tween the pulley and the side of  
the cage. 1-o prevent  the rat from reaching the lubing and 
pulling it into its mouth ,  a (~ cm length of  4.5 mm O. D. 
Tygon tubing was placed over the hub and tubing. The 
o ther  end of  the 20 ga PE tubing was connec ted  to a 1.0 ml 
glass tuberculin syringe. A custom-bui l t  pump,  designed to 
hold 12 infusion syringes s imul taneously ,  was programmed 
to deliver an injection of a volume of e i ther  1.0 #1 over 13 
sec every 15 min or 4.0/.tl over 60 sec every 30 min. 

Either  t e t rahydropapavero l ine  hyd rob romide  (TItP) or 
S-(-) - te t rahydropapaverol ine hydrochlor ide  (S-(-FI ' t tP)  was 
dissolved in an artificial CSF [31 ], which consis ted of 7.4.5 
g Na( ' l ,  0.1t, l g K('I, 0.14 g anhydrous  (~a('l 2 and 0.19 g 
MgCI2"6tt 2 per liter of glass-distilled water. To retard the 
degradat ion of  the condensa t ion  product ,  the ptl o f  the 
solul ion was lowered to 3.8 by the addi t ion of 0.1 nlg/ml 
of ascorbic acid. I'iach sohit ion was prepared in pyrogen 
free ghissware and passed through a 0,22 ,u Swinnex 
niillipore filter. So that the P[i tubing could be flushed with 
( 'SF and reloaded with a freshly prepared solution of r H P ,  
the injector  needle was removed from the pedestal  base for 
a period of  approx imate ly  one h,  or less on each day. 
During tiffs interval, all needles were resteri l i /ed in 70<~ 
alcohol. 

Infusions of  THP were made into the ventricle of each 
animal, according to the individual round-the-clock sched- 
ule, for two days prior to the beginning ~)1" tile 12-day 
alcohol preference test. This regimen of I t t P  adminis t ra t ion  
was then mainta ined during the entire course of  tile 
sequence.  Again, intakes of food and fluid were recorded 
every day, anti the animals were weighed every o ther  day. 

' lo  ascertain the long-term effect  o f l ' l l P ,  preference  for 
alcohol of four animals was rctested one m o n t h  after the 
start of  an alcohol test sequence,  l)uring this t ime, only the 
CSF vehicle was infused according to the previous injection 
procedures.  Three rats were retested again for their prefer- 
ence for a lcohol  at intervals of three,  six and nine lllOllths, 
with no fur ther  infusions given. 

To test the effect  o f  TIIP m the absence of  exposure  to 
alcohol,  4.0 /,xg per 4.0 /.xl of  THP were infused intra- 
ventricularly every 30 rain for two weeks. AI the conchi-  
sion of  this interval, preference  for alcohol was de te rmined  
according to the same 12-day test sequence,  l)uring this 
period,  ( 'SF cons t i tu ted  the infusate,  af ter  which all 
intravcntricular  infusions were tcrminated .  Then,  during 
four successive periods,  cons tant  concen t ra t ions  of alcohol 
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were offered  as a choice against water  in the fol lowing 
order: 15';; for 10 (lays, 7.5~Z for thc next  10 days, 15!?- for 
the next  14 days  and 30~7, for the last 12 days.  

In order to spec i fy  the t ime during each 24 hr day-night  
cycle when a given rat drank an alcohol solut ion,  drink- 
o lneter  records  for individual animals were collected.  In this 
case, a given drinking tube and the grid floor of  the cage 
were wired to an au tomat i c  BRS Foringer  sensor circuit.  
Each time the rat licked the alcohol solut ion,  a pulse `'`"us 
relayed to a Sodeco Print-out coun te r  with total licks 
registered once per hour.  Dr inkomete r  records reflecling 
alcohol intake were col lected for rats in which TItP was 
infuse(t during the presenta t ion  of: l l) 15-30U. alcohol 
concen t ra t ions ,  of fered  at the end of  a 12-day alcohol test 
sequence ,  or 12) 20q alcohol versus water  for three days. 
Records were also taken during a post TI IP  alcohol test 
se(.ltlerlCe in which tire cont ro l  ( 'SF ,,,,'us infused. 

Two nlc thods  of  measuring alcohol constlnll) t ion ,,,,'ere 
employed .  By calculat ing the ratio of  the volume of  alcohol 
solut ion consunled  to tile daily fluid intake, a measure of  
alcohol preference  was ob ta ined .  The second nleasurc 
provide(l an indicat ion of  the total anlollnt of  alcohol 
ingested. The weight of alcohol consumed  m grams was 
divided by the weight of  tile aninlal in kilograms. 

Taste lk'sts 

In five ruts in which (1.2 or 1.0/Jg per /JI  of  l l l P  were 
infused intraventr icular ly ,  a second 12-day alcohol prefer- 
ence sequence  was init iated.  Ill lhis case, one dr inking tube 
containe(l  the same range o f  concen t r a t ions  of  alcohol as 
that used previously:  however ,  each of  the alcohol solut ions 
was mixed witll 2 × 10 -s M sodiunl saccharin.  File second 
drinking tube was filled with water. "lhe third tube,  which 
is normally  emp tv ,  c<mtamed only the sohHion of  saccharin 
alone. Throughou t  this per iod,  the chronic  intraventr icular  
infusions of  THP were con t inued .  

hi a d i f ferent  expe r imen l ,  rats were mainta ined through-  
out on a sinlilar infusion sche(tule of 4.0 pg per 4.0 /11 
infusion of  Fill". But in this case the concen t ra t ion  of  
alcohol was held cons tan t  al 20r; for three days. -[hen for 
tile next  four  days, the rats were offered a choice be tween  
20'/ alcohol in one drinking tube,  an isocaloric solut ion 
(0.3 g per 1.0 ml) of  Sustagen (Mead Johnson )  in the 
secon(t tube,  and water  m the third lube.  The alcohol 
solut ion was then reduced to 105 and the Sustagen 
solut ion lowere(l to a co r respond ing  isocaloric vahte (0.15 g 
per 1.0 nll~ over the next  three days. 

Blood  .,11cohol Determina t ions  

After  a 25 #1 aliquot o f  blood was obta ined from the tip 
of the rat 's tail, the level of  alcohol ira the sanlple wus 
de te rmined  by means  of  the nlodified [26] enzymat i c  assay 
of  Roos [411. De te rmina t ions  were made in samples taken 
during selected l imes th roughou t  the alcohol test sequence  
in five animals in which 0.02 pg per ,el of  l l l P  was infused 
intraventr icularly.  For example ,  blood was obta ined at 8 
p.nl., 8 a.m., or during peak dr inking periods,  as reflected 
by the d r inkonle te r  records,  ira tile early 1llorning hours 
be twecn  midnight  and 3 ~,.m. 

Beharioral  OblSerrations 

The animals were observed periodically th roughout  tile 
day and night for signs of  behavioral or n lolor  al terat ions.  

The presence or absence of  signs of  in toxica t ion  as deno ted  
by Majchrowicz [25J or withdrawal-l ike behavior  118,251 
was recorded daily. Two tests for p roneness  to audiogemc 
seizures were conduc ted :  (1~ jingling keys above the head 
o f  the rat [ l  1 I ,  o r  (2~ p lac ing the rat hi an enclosed 
chamber  and so tmd ing  a 122 126 dB alarm hel l  for  90see  
1121. 

l 'er(f ication o.l I 'entricular ln.tu~ion 

I o  de te rmine  wtrether the infusate actually entered  tire 
ventricular  systenl of each rat. a dye subs t i tu t ion  me thod  
was emp l o y ed  to validate tile chronic  procedure  I32[ .  
Upon c<)mpletion of the expe r imen t ,  the animal was given 
an overdose of sodium pcntobarb i ta l  adminis tered intra- 
pe r i t onea l ly . . , \  volume of 2.0 to 10.0,el of hldia ink `.vas 
injected through tile sanle needle as that used for the 
chronic  infusion. An injection volume somev,,hat larger than 
that used during actual l l t P  or ( S F i n f u s i o n s  was given, m 
sonic cases, for greater ease of visualization of the ink. The 
brain ',,,us renloved from tile skull ,,`"ith small spatulas Lind 
carefully dissected.  

l h e  ex ten t  o f  tire difftlsion of the ink v, as de te rmined  
by exposurc  of  the vcntricular  ca`.ities b 5 parasagiltal 
incisions ti lrough the superlicial cortcx.  ( u t s  wcrc made in 
tile rostro-caudal  orielltatioii approxiinatel , ,  3.0 nlm deep 
and 1.5 mm of f  mMline [321: the third an(l fotlrlh 
ventricles were visualized sinlilarly following thcir exposure  
`'`"ith a mid-sagittal incision from tire corpus calh)sum to the 
base of  the lower brain-slcm. If evidence of dispersion of 
the ink was not clear, tire animal 's  record vet, s ,.onsidcrc(l 
separately from those in which the ink was t()ttnd ill tile 
`",: n t ricles. 

..1 cute  Inh 'c l ion  o.I 7t11' 

In fi',e animals prescrecned for their alcohol preference 
on tile 3 to 30 ' ;  sectucnce, a single acute inlraventr icular  
injection of  40.0 ,Ug of tile frec I',ase of TIIP '̀̀ ' as given in a 
volunre of 20 /al. By per forming  a surgical procedure  similar 
to tlTat descr ibed prcviously [27.34] tile injection was 
nlade by gravity flow after an injector  needle was lowere(t 
into the vcntriclc.  I:ollowing tile injection,  tire incision was 
closed with a wound clip. A four-dav period of recovery 
elapsed prior to lhe start of  an ale(tirol test se(ltlence. 

Peripheral f l i p  7 ) e a t m e n t  

l w e l v e  rats were divided into two groups o f  six rats 
each. An in t rapcr i toneal  rejection of  64 /ag of FLIP in a 
volume of  32 ~1 of  sterile saline was given to eJch animal of  
one group thrce t imes a day, at 8 a.m., 4 p.m. and 12 p.m. 
In the remaining six animals, the sanle wHume of  saline was 
injected at the samc time. This schedule of peripheral  
reject ions ,,,,'us s tarted 2 days I')eforc a 12-(tay, 3 to 30 ' ;  
alcohol preference  sequence and mainta ined th roughout .  

l w o  weeks after  tile comple t ion  of the test sequence,  
the same procedure  was repeate(t but the injection reginlen 
of the two groups was reversed. Thal is. tire animals Ihal 
received TIIP during the first alcohol sequence `'`"ere gi','en 
32.0 /21 of  saline three t imes a day and, conversely,  the rats 
t reated with saline (luring the first sequence ,.`"ere gi`"en 64.0 
Hg of  I H P  in 32.0 HI of  saline three t imes a day during the 
second.  

t.~t.:st It. t s  

In conf i rmat ion  of previous findings [351. the chronic  
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PROPORTION OF Vt 'HANOt .  1 0  TOTAL Ft .Ul t )  INTAKE AND Gm Or: E T H A N O L  PER Kg OF BOI')Y WEIGtIT CONSUMED 
BY t{AClt GROUP OF ANIMAI.S IN WHICH THP WAS INFUSI{D CHRONICAI . I .Y  IN THE CEREBRAl .  VENTRICI.E.  I H E  
R t - S t ' t , r s  ARE EXPRliSSt{D IN I I R M S  OF t : l R S t  HALt .  13-9q)  ANt) SECOND IIAI.F 111-3(K71, AS WEt . l .  AS THE EN'IIRE 

13--30°41 E T H A N O l .  "tEST S E Q U E N C E  

Ih-oportic,  n g /kg  
l l  t I ) Dose  3 - 9 q  I 1 -30" ;  3 - 3 0 q  3-9(4 I 1 - 3 0 q  3-30(:; 
I/zg.',all N l is t  6 days) (2nd 6} day,,) (Overall) l i s t  6 day',) (2nd 6 da),.s) (Overall) 
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infusion of  I H P  into the cerebral ventricle induces the rat 
to drink abnormal ly  large amoun t s  of  alcohol,  bo th  in 
terms of  solut ion preference  and overall intake..-%s uldi- 
cared in f a b l e  1, when l H P  is infused into the ventricle,  in 
all of  the doses ranging troin 0.2 to 2.0 Dig per Dil. the 
aninlals select more than half of their nlecin daily fhiht 
intake in the fornl of  tile alcohol solut ion offer+cal. ] h i s  
preference  and intakc of  alcohol were significantly greater 
than that observed for those animals in which the ( 'SI- 
control" vehiule was infused lp- .O.Ol,  NeWillan-i,~elllS test ) 
or in which the I H P  infusate did not enter  tile ventricle hut 
rathcr  diffused over the cerehral cor tex Ip, 0.01). tlvcn 
during the second half of  the sequence when the gusta- 
torially aversive concen t r a t ions  of  alcohol fronl 11 to 30 ' ;  
were offered,  these animals con t inued  to prefer  alcohol 
over water. For example ,  "FLIP refused in both  1.0 and 0.02 
Dig doses caused an intake of 8.4 g per kg per day during 
this lat ter  tlalI+ of  tile test sequence.  l h i s  is i l l sharp contras t  
to tile 1.0 and 0.4 g amounts  o f  tile two contro l  groups 
( ] ab l e  l). 

Figure 1 {TOP)i lh is t ra ies  the renlarkable shift Jn alcohol 
preference  in a rat which,  somewha t  unusually,  had rejected 
alcohol even in tile lowest oI tile concen t ra t ions  of fered:  

yet during tile chronic  infusion of  0.02 ~g per Dil, it+is 
anJntal consumed  its entirc' fluid intake as alcohol until tile 
l l th  and 12th clays el tile sequence.  ,\ cor respondhlg ,  
ever-increasing rise ctlso occurred il l t i le g o f  a lcohol  
ingested hy the rat. I 'his is i l lustrated m Fig. 1. ( B ( ) ] T ( ) M i  
which shows that the l t tP- in fused cinhllal's intake of  13";, 
20'7, 25(7 and 3()(,: cllcohol exceeded 10 g per kg per day. 
lhe  high intakes o f  some rats surpassed the 12 g per kg 
level of  a lcohol  t i lat inay he n ietabol izod (),.or the course o f  
a day 1221. A+ shown in Fig. 2, one representat ive rat 
consumed inore than 12.6 g per kg o f  a lcohol  on each of  
tile last seven days ul  the 12-day alcohol sequence.  
Al though tile average g per kg intake for the entire test 
period ~.'as 10.2, tile mean for the last six slays, when the 
highest concen t ra t ions  were offered,  was 14.0. Because of 
this, an add i t iona l  four days was added to the nornla l  
sequence in which 35 ' , .  40<;, 45"; alld 50G c(.)llceiitratiolls 
of  alcohol were presented  according to File same free-choice 
paradigm (see Fig. 2L At tile first three of  these concen-  
trations,  tile rat drank 14.5. 16.6 and 15.3 g per kg, 
respectively,  on each of the three days. Only at the 50<; 
concent ra t ion  did ti le rat's tota l  fhi id intake decl ine: even 
ti]en g.6 g per kg were hlgesteci. 
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1.1(;. 3. The proportion of alcohol to total fluid intake ('lOP) and g alcohol per kg body weight 
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S-I-)-'I'It P. 

Overall, these in take  levels ;ire the highest  ever repor ted  
for the  rat. "rhe p r o p o r t i o n  of  a lcohol  to total  fluid intake 
(Fig. 2 I O P )  was c o n c o r d a n t  with the large vo lume  of  
a lcohol  ingested,  name ly  0.74,  0 .63.  0.55 and 0.15.  
respect ively,  for the four  add i t iona l  test days.  Fol lowing a 
three day interval  in which  the rat was offered  on ly  water ,  
I I t P  was replaced by the con t ro l  ( 'SF  vehicle as the 
infusa te .  I h e  rat was then re tes ted  on the 12-day alcohol  
p re fe rence  sequence .  As p resen ted  in Fig. 2. the rat 
c o n t i n u e d  to dr ink excessive a r n o u n t s  of  alcohol  averaging 
7.0 g per kg du r ing  this  second alcohol  test sequence .  It is 
i m p o r t a n t  to note  that  the g per kg vahies  were ahnos t  
cons t an t  t h r o u g h o u t  the s equence  (Fig. 2 BOTTOM) m 
cont ras t  to the rising in take  which occur red  dur ing  the first 
test.  

In~reion o f  the S-g-]-'I'III' Isomer 

A sinlilar increase in bo th  preference  for and c o n s u m p -  
tion of  a lcohol  occur red  in rats in which  4.0 /2g per 4.0 /~1 
of  the THP isotner,  S-I-)-TIIP, were infused.  Whereas  tile 
mean  p ropor t i on  rose f rom 0.20 before infus ion  to 0 .83 
dur ing  in fus ion ,  the in take  of  a lcohol  increased above tile 
average con t ro l  level of  1.0 g per kg to 5.7 g per kg pcr da.~. 

Figure 3 i l lus t ra tes  the p ropor t iona l  shift {TOPj and the 
g in take  change  {BO'ITOM) observed in these an imals  in 
which e i ther  ( 'SF or one of three doses of  the i somer  was 
infused.  I v e n  with nnich  lower doses  of  S-I-)-TIIP. a 
SOnlewhat sinlilar increase in a lcohol  c o n s u m p t i o n  was 
never the less  no ted .  A dose which was o n e - h u n d r e d  fold less 
{0.04 pgJ increased the mean  p ropor t i on  of alcohol  to total  
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T A B I . E  2 

THE P R O P O R T I O N  O1"" E T H A N O l .  TO TOTAl .  H . U I I )  I N q A K E  
AND Gm E T H A N O L  PFR Kg BODY WEIGHT C O N S U M E D  
B E F O R E  C H R O N I C  INt"USION ( I ' R E S C R E E N  C O N T R O L ) ,  DUR- 
IN(;  I N F U S I O N  O1-" THP AND AT I N T E R V A L S  A F T E R  THE 

INFUSION O f  4,0 ,ug/4.0 #l OF  THP (N = 3) 

Test Proportion Gm,'kg 

Prescreen Control 0.34 1,4 
During inflJsion 0.79 5.5 
I month post 0.60 4.7 
3 months post 0.66 3.4 
6 months post 0.82 3.9 
9 months post* 0.77 4.1) 

*N = 2 since one animal died. 

fluid intake fronl a cont ro l  value of 0.05 to 0.60 and the g 
intake from a cont ro l  level o f  0.3 g per kg to 4.3 g per kg 
per day.. A dose of  only 0.4 nanograms of  the isotner. 
infused intraventr icular ly ,  likewise caused an elevation in 
alcohol preference,  from a p ropor t ion  of  0.13 to 0.43 and 
from 0.5 g per kg to 3.3 g per kg per day in terms of  actual 
intake. This dose is one t en - thousand th  of  tile highest dose,  
and may begin to approach  the lower limit of  l t t P ' s  
eff icacy,  since the p ropor t ion  anti g per kg intake measures 
were significantly di f ferent  from those of  the ra t sg iven  the 
4.1.) ,ug dose It = 4.q9 and 3.28, respectively,  y< 0.011. Of 
the animals given the lowest dose of  S-!-)-TIIP, one 
decreased its food and fluid intake fol lowing a nasal 
discharge, whereas  the o the r  was polydipsic  ~mcan intake of  
72 nil per day). 

T H P  

Duration (d THP's k~(tect 

In rats in which 4.0/2g per 4.0 /al of THP were infused 
chronical ly into the ventricle,  the mean p ropor t ion  of  
alcohol to total fluid intake increased trotn a control  level 
of 0.34 prior to surgery, to 0.79 during the infusion of the 
alkaloid. As shown m Table 2. the preference  for alcohol 
remained much ttigher than that of the control  test at 
one -mon th ,  t h r ee -mon th ,  s ix-mtmth anti n ine -month  posl- 
infusion intervals. 1,ikcv, isc, tile actual intake of alcohol 
increased on file average front lhree Io four-fold with an 
average of 4.0 g per kg consumed  per day. The actual 
preference  pat tern  for a group of animals given a dose of 
4.0 /ag of  FLIP per infusion is presented ill big. 4. One 
m o n t h  af ter  the d i scon t inua t ion  of  tile I l t P  infusions,  the 
preference  pat tern  ill tel'IllS o f  p r o p i ) r [ i o f l  o f  ; l ]coho]  1(7 
water  was virtually identical.  Even six n lonths  later the 
preference  persisted until the I 5';  concen t ra t ion ,  recovered 
at the 20'7 level, and tlten diminished at the 25"; and 30 r; 
concen l r a t ions  of alcohol offered.  The intake of alcohol by 
this same group is cor respondingly  illustrated in I.ig. 5. (If 
considerable  interest is tilt' fact thai the j m o u n t  of alcohol 
consumed  virtually Mabilizcd at the 4.0 to 6.0 g per kg levcl 
once the 7'; concen t ra t ion  had been reached during Ibis 
preference se(ltlence, six: n lonths  aI ter  t i l t '  lasl infllMorl ol  
I H P .  

Ill on,._, ra l .  ai1 ex,.. 'er~liona] p a t t e r n  o f  preference  was 
observed in a pre-infusion corllrol sequence.  As shown in 
Fig. 6, lhis rat consumed  as much as 5.0 g per kg at the 6 
and I1 ' ;  concenlr 'a t tons.  During the infusion with - l l lP at 
the 4 . 0 p g d o s c ,  the gm intake ranged be tween 8 . 0 a n d  10.0 
g per kg pet  day. t towcver,  on tile pos ta lcohol  preference  
sequence given one m o n t h  following the last intraxenlricu- 
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1.1G. 5. (;ram alcohol per kg body weight consumed fl~r each concentration of alcohol offered during 
the intravcntricular infusion of 4.0 ,ul every 30 rain of CSI. IN = 3) or 4.0 ug of'l 'tlP, and one month 

and six months after the infusion of TIIP (N = 3). 

lar infusion,  again a steadily-rising intake of  alcohol 
occurred in terms of  the gnl per kg measure e v e n  though 
the p ropor t iona l  values decl ined at the 15"; concen t ra t ion  
and solut ions  thereat ler .  

Ihat  alcohol dr inking must  be paired with the exposure  
ot  tile rat 's  brain to alcohol is not tire case. 1,3 two aninlals, 
a dose of  4.0 ~g per 4.0 ~1 of  l l IP  was infused every 30 mm 
for 14 days  before the first p resen ta t ion  of an alcohol 
preference  test sequence.  As shown i,1 Table 3, the 
p ropor t ion  as well as g per kg intakes were very high during 
the 3 to 30% preference  test over the 12-day period.  
Fol lowing this, bo th  rats ,,','ere of fered  water  and a constant  
concen t ra t ion  of  15'; alcohol.  In both  cases, the intakes 
exceeded  6.0 gm,kg,  l)uring tile nex! ten days, the 
concen t ra t ion  of alcohol offered was halved, and in this 
case the intake also declined al though p ropor t ion  stayed 
relatively cons tant .  However,  when the 15'Y concen t ra t ion  
was reinstated,  the intake llleastlre increased, and when tile 
alcohol concen t ra t ion  ',,,'as doubled  to 30':;, the g per kg 
measure increased even though the p ropor t ion  declined.  

From this result (Table 31, it is apparent  that the 
preference  and h.rgc intake of  alcohol persist well beyond 
the d i scon t inua t ion  of  the infusion of TIIP intraventr icu-  
larly. [ :urther.  it would appear  that  z, higher, ra ther  than 
lower, concen t ra t ion  of alcohol  enables  the animal to 
sustain its high intake of  alcohol in response to the 
dopamine  nletaboli tc .  

"171P Do,w Resp~mse 

A compl ica led  dose-response relat ionship ix evident 
because of  (a) the po tency  of the alkaloid conjugate ,  and 
(h) the os tensibly  different ial  dispersion of  the metabol i te ,  
v,'ith each intraventr icular  infusion,  front animal to animal. 
As no ted  in Fig. 3, a dose-response relat ionship is only 
obtainable  if very low concen t ra t ions  are used. with higher 
doses f requent ly  a t t enua t ing  or even blocking the alcohol- 
inducing act ion of I H P .  

As shown in Table 4, when the low dose of 0.2 /./g was 
increased ten-fold,  in two animals, the g per kg intakes 

increased substant ial ly,  t towever,  in one aninlal which was 
already consuming  5.0 g per kg, such an increase reduced 
the animal 's  intake by one-half.  This demons t r a t ed  the fact 
that a higher dose can counte rac t  the metabol i tc ' s  central  
action. This f inding was also demons t r a t ed  in t w o  addi-  
t iona l  rats INo. 35 and 36) in which the 1.0/Jg dose was 
doubled.  Again the effect  ,,','as a substantial  reduct ion in 
p ropor t ion  and gram intake during the second alcohol 
preference  sequence ( l a b l e  4). From these observat ions,  
the conclus ion could be drawn that a dose of "FLIP delivered 
centrally should be reduced by 10 or even a IO0-fold 
should that  test dose not  be efficacious.  

7};st(' Factor  and Tf lP 

After  alcohol in the 3 to 30 ' ;  range of  concen t ra t ions  
had bccn adul tera ted with 2 × 10 -5 M saccharin [ 151. each 
solution was offered s imuhaneous ly  with water  and the 2 x 
10 -s M saccharin solut ion alone, in the second and third 
drinking tubes. Under  this three-choice condi t ion ,  tire 
THP-infuscd rats nevertheless consumed  a lcohol . .As  shown 
in Table 5. the rats did drink at saccharin solut ion as 
expec ted ,  but preferred the one which conla ined  alcohol.  
In fact. the overall mean p ropor t ion  and g per kg intakes of  
alcohol e i ther  alone or as a mixture  with  the saccharin 
solut ion,  were virtually identical.  

When a solut ion of Sustagen, isocaloric with ei ther  20!:; 
or 10c~ alcohol was offered in th.e lhird drinking tube,  along 
with water  and alcohol ill the o ther  two tubes, the volunle 
of fluids consumed by the THP-infuscd animals actually 
tripled. Table 6 shows that the average amount  of  Sustagen 
solut ion taken in the presence of 20"; and 10"~ alcohol,  
each for three-day periods,  was 110 and 115 till respec- 
tivcly. In spite of  this, however,  tile Tl l lMntused rats 
consumed  on tire average 4.8 ml of 2(Y7 and g.g nil of 10'; 
alcohol.  When the p ropor t ion  measure was calculated,  the 
alcohol to water  ratios again showed that the relalive 
preference for alcohol was very high. In addit ion,  the inlake 
ot  alcohol ranged be tween 1.4 and 2.0 g per kg per day 
even though tile rats were probably  in a state of maxinlunl 
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T A B L E  3 

]HE PROI)ORI'ION OF ALCOHOl. IE'I'OH) TO "IOTAI. FI.UID INTAKE AND (.;m OF' .&I.COHOI. PliR Kg 
BODY WEIGH'I CONSUMED BY TWO RATS IN WHICH 4.0 #g.'4.0 tal O1". rHP HAD BEEN INFUSID 
INTRAVENTRICUI.ARI.Y EVERY 30 MIN FOR 14 DAYS PRIOR TO THE PRISEN'IATION OF AN AI.- 
C()HO[. TEST SEQUENCE c12 DAYS) AND THEN FOUR PERIODS WtlEN ('(')NS'IANT CONCENTRA- 

]'IONS OF AI.COHOL WERE OFFt-REI) (15, 7.5, 15 AND 30 PER(_'I'N1) 

Duration Rat No. 114 Rat No. 115 
r'k ETOH Offered (da.,,s) Proportion gm.'kg Proportion gm,"kg 

3-30 [2 0.67 5.4 (I.65 3.2 

15 I0 (I.6(I 6.6 0.66 6.3 
7.5 I(1 (I.54 3.(I 0.61 2.7 
15 14 (I.43 4. I (I.53 4.0; 
3(1 12 (I.27 5. I (I.29 6. [ 
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T A B I . E  4 

MEAN PROPORTION Ot: ALCOHOl. (ETO|I) TO TOTAl. t ' l . t ' lD INTAKE AND MEAN Gm (-)F AI.COHOL PI-R Kg OF BODY 
WEIGHT INGESTED DURING TWO SUCCFSSIVE ETHANOl. TESTS BY RATS INFUSED INIRAVENTR[CUI.ARLY wr1lt  

I)IFFI.-RENT DOSES ()t. IHP  

Pre,,¢reen 
Control First ETOH l 'es l  ,Second ETOH "l'¢st 

Dose Dose 
Animal Proportion gm/kg {~.g/kd I Proporlion gm/kg (~ga'~l) Proportion gm/kg 

40 0.10 1}. I (}.2 I).44 2.9 2.0 I).35 3.6 

41 0.28 1).8 0.2 0.45 5.0 2.0 0.45 2.(% 
42 0.28 1.6 0.2 0.70 3. I 2.0 0.84 7.0 

35 (l.04 O. 3 1.0 0.67 3.2 2.0 0.52 2.5 
36 (I.42 1.7 1.0 0.83 4.7 2.0 0.69 3.6 

F A B L E  5 

MEAN PROPORTION OF AI . ( ' ( )H() I .  (E'IOH) TO " IO' IAI .  t : I .U l l )  INTAKE AND MEAN Gm OF AI.- 
COHOI. PER Kg OF BODY WEIGHT CONSUMED BY EACH A N I M A l .  BEFORE INFUSION AND I)UR- 
IN(i ] 'HE INTRAVENTRICUI .AR INFUSION OF 2.0 ,ugu'~tl Ot: "FLIP FOR BO'IH AN AI.COltOI.  PREFER- 

ENCE "ITST AND TIlE SACCIIARIN TEST 

Prencreen Control ET()H Alone 
Animal Proportion gm/kg Proportion gm/kg 

ETOH in Presence 
of Saccharin 

Proportion gm/kg 

30 (l. 14 0.6 I).22 2.9 0.60 5.6 

36 0.42 1.7 0.69 3.6 0.47 4.0 

40 (I. I I 0. I I).35 3.6 O. 16 0.5 
41 0.28 0.~ (I.45 2.6 (I.54 3.6 

42 0.29 1.6 0.84 7.0 0.73 4.7 

Overall Mean 0.25 1.0 0.51 3.9 0.50 3.7 

T A B I . E  6 

THE MILAN MI.S OF FI .UI I ) ,  PROPORTION OF AI ,COI IOL lET(I l l )  TO WATER, AND Gm OF AI.C(.)ttOI. 
PER Kg BODY WEIGH' I  CONSL'MI".D ON EACH DAY BY THREE RATS IN WHICH 4.0,*g/4.0 #1 WAS 
INFUSED INTRAVENTRICUI .ARI .Y  DURING THE PRESENTATION OF A SOLUTION OF SUSTAGEN 

ISOCALORIC WITH THE CONCENTRATION Ot: t r l I A N O [ .  OFFERED 

Propml ion  of 
ETOH Water  Suslagen t"FOH to ETOH 

% ETOH Days ml ml ml plus water  gm/kg 

I 5 .7  0 123 I .(x) 2 .0  
20 2 4.0 0.3 94 (I.93 1.4 

3 4.7 0.6 114 0.89 1.5 

()verall Mean 4.8 0.3 110 0.94 1.6 

I 9.7 3.7 115 0.72 1.6 
10 2 9.0 1.0 124 0.90 1.6 

3 7.7 6.3 107 0.55 1.4 

Overall Mean ;g.R 3.7 115 0.72 1.5 

h y d r a t i o n  b e c a u s e  o f  t he  i n o r d i n a t e l y  large i n t a k e s  o f  
S u s t a g e n  s o l u t i o n .  

Diurnal A Icoho l  l)ritzkit2g Patterns 

T h e  d r i n k i n g  p a t t e r n s  r e f l e c t e d  by  the  d r i n k o m e t e r  
r e c o r d s  r evea l ed  t ha t  the  T l t P - i n f u s e d  ra t s  c o n s u m e d  nea r l y  

80':; o f  t he i r  t o t a l  da i ly  a l c o h o l  i n t a k e  d u r i n g  the  n i g h t - t i m e  
in t e rva l ,  i.e., t he i r  w a k i n g  pe r iod .  S t a r t i n g  at 0 to  8 p . m . ,  
t he  p e r i o d s  o f  d r i n k i n g  p e a k e d  at i n t e rva l s  o f  a b o u t  t w o  hr,  
t he  onse t  o f  w h i c h  was  s igna l led  by ti le a b s e n c e  o f  
i l l u m i n a t i o n  in t he  l a b o r a t o r y  r o o m .  F igu re  7 p r e s e n t s  a 
r e p r e s e n t a t i v e  p a t t e r n  o f  M c o h o l  d r i n k i n g  in a ral in w h i c h  



I-HP AND AL( 'O t lOL  I )RINKING 29 

D I U R N A L  E T O H  ( 3 - 3 0 % )  I N T A K E  

CO 

0 

J 

500 

400 

300 

200 

IO0 

3O 

H q 

% 

- \  

8 2 4 8 12 a 

i I I ' 
A M  PM A M  

I.IG. 7. I)rJnkomeler responses for each hour dilrJng file second alcohol te~t ,,equence for o13¢ ral in 
which 4.0/age4.0 gl of "II|P had been infused inlra,,entricularly every 3() rain durin,e file firs! alcohol 
tesl. ('SI" constituled tile Jnfl.lsatc at lllis time. The ~erlical axis shmvs tile lolal nulnber of licks on tile 
tube containing alcohol for each hotlr; tile oblique axis indic:des file concenlralJon of alcohol offered 
on each day; and the horizontal axis shows tile lilIIC of day. The opened and clo,,cd bars below the 

Ilorizontal axis indicate a.lll, and p.ii1., re~,pecli'.ely. 

the 4.0 /ag dose of  ] 'HP had been infused intraventr icular ly 
every 30 rain during the alcohol preference  sequence.  At 
the 5'7 concen t ra t ion ,  !wo bouts  of  dr inking occurred ~Fig. 
7), whereas at tile higher concen t ra l ions  the drinking of  
alcohol te.g., 20':;) was tenlporal ly dis t r ibuted in tJla! 
drinking occurred even at 8 and 9 a.ill. 

In two animals m which, tile 4.0 ,ug dose had produced  
excessive intake during tile 3 to 30c,: preference  sequence,  a 
cons tant  concen! ra t ion  was offered to each aninlal for 12 
consecut ive days. In both  cases, each rat had a choice of  
water  and a 30 ' ;  concen t ra t ion  of  alcohol.  Two very 
different  pa t te rns  <11" intake were observed.  Ill one rat, lhc 
drinking pat tern  depic ted  in Fig. 8 was character ized by 
one or tit most two intense bouts  of  alcohol drinking during 
tile course of  a 24-hr period. There was essenlially no 
drinking of  this 30U concen t ra t ion  of alcohol be tween  tile 
hours of  g a.m. and 1 a.m. o11 Ihe following day. A 
different  d is t r ibut ion of  alcohol intake was noted  in the 
second animal as por t rayed  in Fig. ~,~. Ill this instance,  the 
rat sampled the 30"; concen t ra t ion  much more f requent ly .  
d is t r ibut ing its intake th roughout  file course of !be nigh! 
por t ion  of  Hie diurnal cycle. In fact, on some days. only 6 
to 8 hr elapsed during the day por t ion  of  tile cycle in which 
the rat failed !o drink so)me volume of the 30'.' alcohol 
SOl U t ion. 

('hange,~" in Blood . ' I  lcohol  l. dvcl 

An analysis of  samples of  blood col lected at different  

intervals durine the course of 24 hr m dif ferenl animals is 
presented in Table 7. :\s would be anl ieipated, the highesl 
levels of  alcohol in the blood were noted in samples taken 
imnledia le ly after a peak period of  'alcohol dr inking. 
r yp i ca l l ) ,  this occurred dtir ing lhe middle of  the nigtl t-thl le 
inlcrval. In agreenlent wi th  previous reporls 12xl. when the 
bloc~d alcohol of  lhe rat reaches approx imate ly  0. l " ; ,  
in toxicat ion- l ike syrup/orals, such as ataxia, are clearly 
evident. (;eneral ly speaking, however, even m those ammals 
fllat consumed large amounts of  alcohol, lhe tqood alcohol 
conccnlrat ion was not greatly ele~alcd al lhe 8 a.m. reading 
in spite of  the fact that high voltlnles had been consLlnled 
during the nJghl-tinlu interval. Because o t  the rapid rate of 
the metabol ism of alcohol and the subsequcnl  clearance of  
the fluid, this l indingJn the ral was not unexpec led .  

A! tile peak of  tile night- t ime drinking period,  those 
f l iP- infused  rats mainta ined on a 20"  concen t ra t ion  
showed blood alcohol levels ranging from 0.62 to 0.09'7. 
Their total  hltake over tile entire day ranged between 4.7 
and 9.5 g per kg. 

It ' ithdrawal-l,  ikc S y m p t o m s  and l .ood In take  

In seven of  the animals in which 1 t i p  had been infused 
intraventr icular ly,  audiogenic seizures and running episodes 
were readily induced by simply exposing  the animal to the 
jingling of  keys or an alarnl bell. ()ne of  lhese animals also 
exhibi ted  spon taneous  convuls ions withou! sound induc- 
tion. Al though audiogenic  seizures could he elicited :is early 
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t. IG. 9. Drinkometer  responses for each hour  du r ing  the p r e sen t a t i on  of  30 pcrccnt alcohol to a rat m 
which 4.0 g/4.0 ul of  l l I P  had been infused intravcntricularly every 30 rain for 14 days. The vertical 
axis ShlI"A'S the to ta l  i l t l l l lber ~.'Jt" lick',; ~m Tile tube conta i l l i l lg  a lcohol  for  each h,,'.ur: the obliqu.,.' a \ is  
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o f  day.  ' lhc  ~q~cncd and closed bars bel,.v,,, the hcmzon la l  axis h ld lualc a.m. ,ind p.nl . ,  r,..'sp,.'ctivcl~. 
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T A B L E  7 

f'ERCFNT OF AI.COItO[. IN THE BI.OOD (BAI.I OF ANIMAI.S INt. I.TSEI) WITH 0.02 ,o.g:,ul OF "l'ltP AT ,g 
A.M. AND g P.M. Dr'RING THE PRESENTAI'ION OF TIlE AI.COHOI. SOI.L"flONS Of "fill': I.ANT 
IlAI.F OF ]'ill'~ TEST SEQtlENCE. ALSO. THE BAI. OF 3 RA'IS INFUSED WITH 4.0 ,u.g.'4.0 ,o.l OI. Till" 
AT I"EAK NIGHT "lIME DRINKING PF.RIODS DURING I'IIE PRESENFAIION OF A CONSf.~N'I 
CONCENTRATION OF AI.COHOI.. 2(F:;. TIlE g/Kg MEASURE IS FOR 24 HR EXCEPT FOR ] l i e  ,~ P.M. 

RI.:ADINCiS IN WttlCII I'I INI)ICA'ITS IHt" 12 HR INIAKE 

g a.m.  I1':~ E ' I 'OH 13"'; F .TOt l  15':; t".'l"()tt 
Animal  B A I .  g/kg B.41. g:'kg B A I .  g,'kg 

45 .003 7.1 .()O(I 7.7 .052 6.9 
46 .023 11.6 .009 4.0 .037 4.6 
47 .O(X) 4.7 .(14() 11.2 .0(I;4 2.3 
48 .0()~) 9.0 .032 7.3 .O(X) X.4 
49 .017 7.4 .000 10.6 .009 6.4 

;4 p.m. 25(; E1( ) t t  31)':; ET()tt  
Animal RAI. g.'kg RAI. g/kg 

45 .206 2.9 .19;4 2.3 
46 .(131 3 .6  . 104  1.5 
47 .000 3.4 .040 1.4 
4;4 .046 5.2 .039 3.1 
49 .I);42 5.6 .(179 5.4 

Peak Night Drinking 21)'; t - ' l 'OIt  2()'7; ET()tl  
Animal  B A I .  g,'kg B A I .  g,'kg 

51) .1199 7.1 .11(',2 7.1 
52 .ON7 ;4.0 .(Ig7 9.5 
54 .(179 4.7 .079 "7,.7 

20%: E ' fO t l  25q I- ' I ' ()H 3(1':; E'Ff)H 
BA I .  g,kg B A I .  g,kg B A I ,  g.'kg 

.041 9.2 .043 H).O .(R);4 7.4 

.007 I1.0 .ON6 7.;4 .033 5.N 

.O0(/ 10.;4 .057 9.6 .034 3.4 

.037 10.3 .023 9.7 .005 7.7 

.040 11.2 .1}41) 1(I.6 .007 I IL I  

I A B I , E  g 

IHI- AVERA(IF I)AII.Y F()Or) INTAKE AND g (IF AI.('OH()I. PER Kg O(. BODY WIiI(;I(T CC, NSL MI!I) 
Dr/RING AN ALCOHOl. PRFt-ERENCE "lEST BY AN[MAI.S IN WtI[('H CSF OR 2.0 OR 002 #g.'tal OI. 
THP WAS INFUSED INTRAVENTRICUI.ARLY. RI-SUI.TS ARE PRESENTEI) FOR THE FIRST ItALF 

(3-9";) AN[) SECOND HAIl: ( l l-3ff~ AS WEI.I. AS THE ENTIRE 13-30c~ .) TEST SEQUENCE 

Dose of "flip I:ood (g) (D"kg) 
g,#l Animal 3- 9~; I l-3(IC; 3-30%: 3 9'; I I-3(Y; 3-3(IC/ 

2.1l 6 15.6 19.3 17.5 2.S 6.3 4.5 
9 9 .~  14.7 12.3 2.3 4.2 3.2 

25 27.~ 30.2 29.11 6.6 ;4.3 7.4 
26 27.7 37.0 32.3 1.9 3.7 2.S 
29 19.;4 2;4.2 24.0 3.;4 2.3 3. I 

Mean 20.1 -:7.g 25.9,:" ~.9 23.(1-;4.2 3 .4 :1 .9  4.9+2.4 4.2±1.9 

0.2 45 22.2 23.3 22.8 5.O ,R. ] 6.6 
46 [6.;4 17.0 16.9 5.6 7.5 6.6, 
4,R 14.7 12.;4 13.g 3.g 14.7 6.3 
49 34.8 39.5 37.2 5.() 9.4 g.(I 

Mean 22.1 ~9.0 23.2_-11.8 2 2 . 7 ,  1 0 . 4  4.9=0.;4 g.4 --0.;4 6.6_--:1.11 

CS 1" 2 17.3 39 .3  26.  I I .(I I. I 1.0 
C o n (  rol 17 22.7 36.N 29. I 1).2 0 .4  (I. 3 

31 24.4 35.3 29.2 (I.(I O. 1 0.3 

33 19.11 37.N 27.5 O. I l .g I.() 

Mean 211.9=3.3 37.3 r l .7  2N.O= 1.5 0.3-:0.5 0.9_t (1.;4 0.6+0.4 

as the  f o u r t h  day ()1 a T I IP  in fus ion  s e q u e n c e ,  in most  
i n s t ances  se izure  ep i sodes  did no( deve lop  unti l  at least 8 
days  a f te r  the i n fus ion  series began.  

Many an ima l s  exh ib i t ed  s y n l p t o m s  such  as t ee th  cha t t e r -  
ing, s t i f fness  o f  the tail, wet  dog  shakes  and r a the r  ma r ke d  
t r e m o r s  of  the head and o t h e r  areas o f  the  body .  

| : r e q u e n t l y .  signs of  h y p e r a c t i v i t y  were no t ed  v.'ith m a n y  
an imals  ac tua l ly  d is lodging  (heir  food  cups  and o v e r t u r n i n g  
t hem.  Ord inar i ly ,  tile wi thdrawal - l ike  s y m p t o m s  again were  
not  obse rved  unti l  the third or  f o u r t h  day fo l lowing  the 
in i t ia t ion  o f  c h r o n i c  i n fus ions  o f  I I I P .  ( )nee  (he signs 
appea red ,  t hey  usual ly  pers is ted  for tile r e m a i n d e r  of  tile 
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I"IG. 10. The proportion of alcohol to total fluid intake (TOP) and g of alcohol per kg body weight 
iBO'I'I'OM) for the rats intraperitoneally injected three times per day with 32.0 ~1 containing 64.(} ~.g 
of THP during their first alcohol test sequence and 32.0 ,ul of saline during their second test sequence. 

sequence.  In animals exhibi t ing tile more severe behavioral 
changes,  lhe less severe s y m p t o m s  of  wi thdrawal  were also 
present .  

In those rats in which 2.0 o ,  0.02 /ag of THP were 
infused intraventr icular ly,  the intake of food during the 
alcohol preference  sequence tended to be somewha t  lower. 
As presented in [ ab l e  8, the mean food intake of  the 
contro l  rats was reduced during the 6 days when the 3 to 
9';; concen t , a t i ons  of alcohol were available, l)uring the 
lat ter  half of the sequence,  11-30 ' ; ;  alcohol concen t ra t ions .  
the food intake averaged 37 g per day. This could reflect 
the fact that the animals derived a por t ion  of  their  calories 
lrom alcohol and consnn3ed, therefore ,  cor respondingly  less 
food during the first half of  the preference sequence.  

Overall, there were no statistically significant d i f ferences  
be tween the groups in terms of food intake th roughout  the 
course of  the infusion sequences.  Polydipsia and polyurea 
were noted  m six animals, in which ] t i P  was infused 
intravenlr icular ly,  but lhese synlp lonls  were i ndependen t  of  

the dose of tile alkaloid metabol i te  given. Within two to 
four  days of tile beginning of infusion,  the rats f requent ly  
consumed  over 90 ml of fluid per day. In two animals, the g 
per kg intake of alcohol was less than 0.5 g. Because of the 
aberrant  nature of  the drinking, tile polydipsic  rats were 
excluded lrom tile analysis of  data of alcohol consumpt ion .  

Peripheral and .,1 cute In lec t ions  

In the two groups of six rats in which a dose of  64 ~g of  
TIIP was given three t imes a day, no change in alcohol 
preference  occurred in terms of the propor t ion  value or in 
the actual intake or' the fluid. Figure 10 presents  the 
pat tern  of  dr inking for one group in v,'hich the Ti l l '  was 
given during the first sequence and the saline control  
vehicle during the sectmd. Table 9 presents  a compar ison of 
the p ropor t ion  and g per kg intakes for both  groups given 
in t raper i toneal  inject ions of  ei ther  the saline vehicle or 
TIIP. The very slight rise in p ropor t ion  anti g intake could 
be a t t r ibu ted  to tile accl imation effect  lhal arises upon 
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1 A B L E  9 

A COMPARISON Of: THE PROPORI'ION OF ALCOHOl. TO TOTAl. FI.U[I) INTAKE ANI) ]'HI; g;Kg OF 
AI.COHOI. CONSUMED DURING ALCOHOl. SEQUENCES FOR THE RATS RECEIVING 
INTRAPER[TONI:.AI INJECTIONS OF SA[.INE OR 64 /.Lg el: "f|'ll ) FttREE TIMES A DAY. N = 6 FOR 

BOTH GROUPS 

Group Sequence Treatment Proportion ~'kg 

A I Saline 0. l0 _+ 0.04 0.43 -'- O.22 
( N  - 6 )  2 I H P  0.16 +_ 0.11 11.73 -. 11.411 

B I ] l i p  (1.18 -* (1.09 (1.89 *_ 0.48 
( N  • 6 i  2 Saline 11.23 _" 0.12 1.31 -: 11.64 

TA BI.F. I0 

PROPORTION OF ALCOHOL r e  TOTAL FLUID INTAKE AND g OF AI.COHOL PER Kg OF BODY WEIGH'F CONSUMED BY 
ANIMALS IN WHICH 20.0 ~1 OF 2.0 tzg,3xl OF THP WAS INJECTED ACUTELY. THE RESULTS ARE EXPRESSEI) IN TERMS ()E 

FIRST HALF O,-9e41 AND SECOND HALF ~ I 1-30'?7), AS WELL AS THE t{NTIRE 3-3(~  ALCOHOl. TEST SEQUENCE 

Prescreen Control Post THP Injection 
Proportion g,'kg Proportion g.'kg 

Animal 3-9c~ I 1-30C, ~- 3-30%: 3-9"~ I I-3(Y:~ 3-3(1c¢ 3-9% I l-~(ic~ 3-3(1C~ 3-9<'k I I-3(I<; 3-3(1':; 

g0 0.83 I). 14 0.5(I 2.3 1.6 1.9 0.71 0.46 0.58 2.7 4.2 3.4 
22(I 0.12 0.34 0.53 2.3 3.3 2.8 0.94 0.54 i).74 2.2 3.4 2.S 
21 l 0.16 (I.113 0. I0 0.4 11.5 0.5 0.55 O. 16 I).36 1.9 2.3 2. I 
216 0.04 0.04 0.04 0. I 0.4 ll.2 11.04 0.05 0.05 I). I 0.4 0.2 
132 0.12 (1.01 0.117 (I.3 (I.I 11.2 0.114 11.12 I1.15 (i.2 0.7 0.4 

repeated exposure  to alcohol [371. 
A single intraventr icular  injection of a high dose of  40 ~g 

in 20 pl o f  vehicle exer ted  a variable effect  m tile five 
animals tested,  as indicated in Table I0. With but one 
excep t ion  there were virtually no significant changes in 
alcohol drinking.  In animal No. 211. the p ropor t ion  value 
anct g per kg intakes increased by as nluch as three-to-five- 
fold. f h e s e  results indicate that an elenlent  of  chronic i iy  is 
required irl the induct ion  of  dr inking by the amine 
condensa t ion  prodtlct acting within the brain. 

DISCUSSION 

Several str iking character is t ics  of the central  action of  
THP, infused chronical ly into the brain of  the rat, are 
readily apparent .  First, TIIP induces excessive imbibi t ion of  
alcohol in a volume which has not been repor ted  previously 
[10. 2% 3 7 i .  Second.  when verb high concen t ra t ions  of  
alcohol are of fered  in the gustatori ly aversive range, the r~,l 
nevertheless  selects alcohol in preference  to water  in the 
free-choice si tuat ion.  Third,  long after  the cessation of  the 
series of  chronic  infusions of  THP. the rat cont inues  to 
drink substantial  quant i t ies  of  alcohol when the fluid is 
once again made available in the free-choice si tuation with 
water.  Four th ,  withdrawal-l ike s y m p t o m s  similar to those 
repor ted  for an animal nlade artificially d e p e n d e n t  upon 
alcohol (e.g., [ 2 8 l )  are also produced .  Fifth.  only trace 
amoun t s  of  TtIP are required in the hram to evoke these 
remarkable  funct ional  changes. 

Overall therefore ,  this profile of  responses seems to 
simulate a clinical condi t ion  which would be analogous to 
the alcoholic pat ient :  imnlodera te  drinking voluntari ly,  the 
ingestion of  alcohol even under  aversive condi t ions ,  the 
persis tence of  the dr inking pat tern  after  a p ro t rac ted  period 
of abs t inence ,  and s y m p t o m s  of  withdrawal .  But for what 

reason does the rat dr ink  a lcohol  in response to l t l P ?  Why 
cto progressive increases in alcohol consu i I ip t ion,  occurr ing 
dur ing lhe first hal f  o f  the 12-day alcohol  preference iesl, 
con l inue  It) the point  which nlay exceed even the max ima l  
level o f  metabol isn l  1221 ot  alcohol? There are several 
al lernat ives. 

()ne poss ib i l i ty  is lhal  I I I P  impairs ct ral's capaci ty  lo 
d iscr in l inate the laste o f  the fhlids. I towever.  one would  
predict  lh.al a p ropo r t i on  i'lle',tstire of  0.50 would  char- 
acterize the d r ink ing  pat tern o f  the ral across lhe 12 
concent ra t ions of  a lcohol  of fered s imul taneous ly  w i th  
water. This did not occur. Ill add i t ion ,  several r:.ils selected 
tintlSUCil quant i t ies  o f  a lcohol  even v<hen a niore paialclble 
sohi t ion W:,lS made available. Moreover,  in l raven l r i cu la r  
in ject ions o f  THP on successive days fail to al ter the 
acccptctnce-rejeclion curves for 12 di f ferent  concen t ra t ions  
of quinine solut ion [36] .  In this connec t ion ,  it is significant 
lhat tile ral undergoing withdrawal  from nlorphine  exhibi ts  
an increased retake of  alcohol in terms of  its preference  f'.)r 
an alcohol-sncrose solut ion rather than a sucrose solut ion 
alone 1161; again, these self-same aninlals exhibi ted  no 
dif ference from the cont ro ls  in their  preference-aversion to 
quinine l l 6 I .  

Al though the mechanisnl  for tile persis tence of the 
exaggerated preference  long after  ttic ] t t P  infusions have 
ceased is present ly  unknown ,  it would appear  likely thai 
tiffs condensa l ion  produc t  induces an al terat ion in neuronal  
metabol i sm,  protein s t ructure  or even a nlorphological ly 
specific ul l rastructural  lesion within the rat 's  lhnbic syslenl.  
Of course,  it is possible that  TIIP itself is still present  in tile 
brain pa renchyme:  but this is unlikely since enzymes  are 
present which would cause its degradat ion [4] .  Alterm,- 
lively. FLIP may react with the sulfhydryl  groups of  
pro te ins  [43] which could dis turb hernial  cellular funct ions  
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by altering, for example ,  the binding site for membrane  
calcium 1421 • 

With respect  to a local chemical  lesion to a s t ructure  
lining the wall of  the rat 's  ventricle,  6-Ot tDA and 5, 6-1)H'f 
do exert  an effect  on a rat 's  preference  for alcohol [ 15, 27, 
34] .  Fur ther ,  6-OIIDA inf luences tolerance but not  depen-  
dence [401. However,  ne i ther  the ca techolaminerg ic  nor 
serotoncrgic  neuro tox in  induces a shift in alcohol prefer- 
ence which in any way compares  with that seen in the 
present invest igat ion. 

One might expect  that a progressive synergism be tween  
f l i p  and alcohol arises as the animal drinks the fluid at the 
same tinte thal the brain is exposed  to the condensa t ion  
product ,  l h i s  possibili ty is not  borne out because rats 
offered alcohol af ter  the comple t ion  of  a long period of  
l l l P  infusion exhibi t  the same intense preference  for the 
fluid. This indicates  that a pairing of  f t t P  acting central ly 
with alcohol,  as derived systemical ly ,  is not necessary.  

The fact thal  THP adminis tered  peripheral ly exerts  no 
effect  on alcohol drinking,  in doses eff icacious centrally.  
unequivocal ly pmpo in t s  the action of the alkaloid con- 
jugate to the central  nervous system. The diff icul ty  in 
generat ing a I I I P  dose-response relat ionship,  particularly at 
the Iowcr end of  the dose range, underscores  the fact that 
only ntinute amoun t s  of  TIIP are critical. One might 
predict ,  therefore ,  lhat a f l Q  could not be de tec ted  readily 
m the brain of  an animal following its ingestion of alcohol 
138], unless the b iosynthes is  of  a given I I Q  is enhanced  or 
its metabol ic  degradat ion  inhibi ted by a pharmacological  
agent 15,46].  Indeed,  the lower  limit of sensitivity of the 
assays employed  is repor tedly  in the range of  5 to 10 
nanograms per g of  brain tissue. If one considers  that the 
lowest effect ive dose of  H I P  is 0.4 tag per infusion and that 
the microl i ter  volume is subjected to an enorn tous  di lut ion 
[24J prior to its reaching the site of  act ion,  it is readily 
unders tandable  that the assay sys tems current ly  in use will 
not detect  and ident i fy  a TIQ, at least at the level that  
would induce a physiological  effect  [6] .  

The occurrence  of  withdrawal-l ike activity in the rat in 
which f l i p  is infused into its hrain is not surprising. 
Ano the r  in the family of  TIQ con tpounds .  (),7-(tihydroxy- 
TIQ, exacerba tes  wi thdrawal  s y m p t o m s  in the nlouse for a 

period of  20 hr following a single intraventr icular  injection 
[2] .  Just as in our  s tudy,  the morphological  site of  act ion 
has not as yet been del ineated.  Neither  THP nor 6,7- 
d i h y d r o x y - l l Q  microinjected into the nucleus accumbens  
of the rat elicits hyperact iv i ty  a l though o t h e r ' l l Q s  applied 
similarly to Ibis area do ew)ke l o c o m o t o r  activity for an 
ex t ended  period {7]. The lack of in format ion  about the 
locus of Tl lP ' s  act ion within the ( 'NS is not  exclusive to the 
TIQ, since the region in which na loxone exerts  its effect  is 
equally ill-defined even though this problem has been 
investigated extensively 147.48].  The most  severe s y m p t o m  
of withdrawal ,  a convulsive episode,  occurs usually follow- 
mg the disappearance of  alcoh.ol from the blood 123,251. 
Nevertheless,  as seen in the present  investigation, a seizure 
may develop during ~, period when the animal ingests 
alcohol and has a level of alcohol in the blood approaching  
0.1!: ~, 123]. Of interest  is the fact that  a blood alcohol level. 
similar to that  in the animal infused with THP, has been 
repor ted  to produce  signs of  physical  dependence  in the rat 
I:31. 

In conclus ion,  the field of exper imenta l  alcoholism has 
long been beleaguered by the htck of  a valid animal model  
129]. Since the c o m p o n e n t  of  vohmtary  selection of 
alcohol is indeed the critical factor  in the deve lopment  of 
such a model  [10, 30, 37] ,  the results of the current 
investigation may provide the basis for fttture exper imenta l  
studies of  this drinking p h e n o m e n o n .  In any event,  a 
t e t rahydro i soqu ino l ine  or one of  its derivatives, when 
acting within the central  nervous system, would certainly 
seem to be involved in the et iology of the pathological  
drinking of  alcohol.  
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