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FALK, J. L. AND R. W. BRYANt'. Salivarectomy: effect on drinking prrMuced by isoproterenol, diazoxide and NaC7 
loads. PHARMAC. BIOCHEM. BEHAV. 1(2) 207-210,  1973.-Male rats were given sham, partial or complete 
salivarectomies and their drinking responses to various stimuli were evaluated. There was an attenuated response to 
subcutaneously administered isoproterenol and diazoxide in desalivate animals. The drinking response to intraperiloneally 
administered hypertonic NaCI was the same across all groups, although the response to intragastrically administered 
hypertonic NaCI was decreased in complete desalivate animals. These results, together with those from other studies, 
indicate that the desalivate animal has a drinking response deficit to various dipsogenic stimuli. The physiological basis of 
this deficit cannot yet be characterized. 
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TI lE  be ta -adrenerg ic  agent  i sop ro te reno l  p roduces  b o t h  
markcd  fluid in take  in water -sa t ia ted  rats [8]  and hyper -  
t r o p h y  of  the  salivary g lands  [ 1 1 ] .  The  possibi l i ty t ha t  
these two effects  of  i sopro te reno l  might  be related is 
s t r eng thened  by no t ing  two  add i t iona l  facts.  Firs t ,  r o d e n t  
salivary g lands  con ta in  large a m o u n t s  of  renin  1 1 4 , 1 5 1 . a  
subs tance  which  has been  cr i t ical ly impl ica ted  in fluid 
in take  15] and second,  i sop ro te reno l  p r o d u c e s a  var ie ty  o f  
changes  in rat salivary c o m p o s i t i o n  [ 1 6 ] .  Thus ,  the  salivary 
glands con ta in  a subs t ance  ( ren in)  s ignif icant ly  related to 
wa te r  in take  and they  f u n c t i o n  also as a target  area for  
i sopro te reno l ,  a d ipsogenic  agent.  

EXPERIMENT I: ISOPROTERENOL-INI)UCED 
DRINKING AND DESALIVATION 

In order  to  d e t e r m i n e  if the  .salivary g lands  were 
impl ica ted  in the  fluid in take  p roduced  by  s u b c u t a n e o u s  
doses of  i sopro te reno l ,  the  i sop ro te reno l  dose-effec t  rela- 
t ion  was d e t e r m i n e d  in sham and desalivate animals.  
Sa l iva rec tomy,  ra ther  than  s imple occ lus ion  of  thc  salivary 
ducts ,  was pe r fo rmed  in order  to remove  unequ ivoca l ly  this  
g landular  source of  renin.  

Procedures 

Animals. Nine teen ,  male l l o l t z m a n  rats weighing 
2 6 0 -  350 g pr ior  to surgery were used. They  were housed  in 
individual ,  stainless steel cages in a t e m p e r a t u r e - c o n t r o l l e d  
room with  a light cycle of  12 hr on  and 12 hr  off. 

Surgery. Animals  were anes the t i zed  wi th  sod ium pen to -  
barb i ta l  (35 mg/kg)  in t r ape r i tonea l ly  (i.p.),  and supple- 
m e n t e d  wi th  chloral  hyd ra t e  (250  mg/kg,  i.p.) if required .  
A t r o p i n e  sulfa te  (2 mg i.p.) was given 5- -10  min  a f te r  

sod ium p e n t o b a r b i t a l  admin i s t r a t ion .  
A sham,  part ial ,  or complc t e  sa l ivarec tomy .was per- 

fo rmed  on each animal .  Sham ope ra t i ons  (N = 4) consis ted 
of  ref lect ing the  skin, muscle and facia over lying the  
submaxi l la ry-subl ingual  g landular  complex  and manipu-  
lat ing the  fat and lymph  nodes  in this  general  region for a 
length  of  t ime  a p p r o x i m a t e l y  equal  to tha t  of  a comple t e  
sa l ivarec tomy (30  min).  In the  part ial  desal ivate ope ra t ions  
(N = 7) two types  of  removals  were used. E i ther  the 
submaxi l l a ry  and subl ingual  glands were removed wi th  the  
paro t id  glands left in tac t ,  or the left  paro t id  was removed 
a long wi th  the  submaxi l l a ry  and  subl ingual  g lands  with the  
r ight  parot id  left  in tact .  In comple t e  desal ivat ion,  sub- 
maxi l lary ,  subl ingual  and parot id  glands were removed 
bi la tera l ly  (N = 8). Tile m i n o r  subl ingual  glands were not  
removed .  The  general  p rocedure  used in removing  the  
glands was tha t  of  C h e y n e  [ I ] .  As well as removing  the  
glands,  g landular  ducts  and b lood  vessels were tied off. 
Parot id  ducts  were dissected carefully away f rom the  
b r a n c h  of  the  seven th  cranial  nerve which runs wi th in  the  
same over lying shea th  before  tying. At the  end of  the 
e x p e r i m e n t  animals  were sacrificed and areas of  g landular  
removal  were inspec ted  for  evidence of  gland regenera t ion .  
None  was found .  

Drugs. I sop ro te reno l  h y d r o c h l o r i d e  (Win th rop  Labora-  
tories)  was dissolved in i sotonic  NaCI so lu t ion ,  and concen-  
t r a t ions  were adjus ted so tha t  all s u b c u t a n e o u s  (s.c.) doses 
were less than  0.5 ml in volume,  l sop ro t e reno l  so lu t ions  
were prepared  jus t  pr ior  to inject ion.  Doses are specified in 
t e rms  of  the  salt. 

Experimental design. Fol lowing the  opera t ive  procedure ,  
all desal ivate  rats were ma in ta ined  on  wet Purina Labora-  
tory  chow ( p o w d e r e d )  unt i l  recovery proceeded  to a po in t  

'Supported by Grant AM 14180 from the National Institutes of Health, and Grant MIt 18409 from the National Institute of Alcohol 
Abuse and Alcoholism. 

207 



208 FALK AND B R Y A N T  

where the dry chow could be consumed readily. Tap water 
was available from calibrated animal drinking tubes 
(Richter  tubes) at all times. Sham-operated animals were 
maintained on the dry, powdered food from the immedia te  
postoperat ive period. 

The animals were adapted to a simple food and water  
schedule in which water  was always available (no depriva- 
tion) and food was removed only during a 4-hr water  intake 
test period. Thus, at 12 noon rats were weighed, Richter  
tubes were filled, any scheduled drug inject ion was admin- 
istered, and food was removed.  Water intake for the 
following 4 hr was recorded (12 noon - 4 p.m.) and then 
food was replaced. This 4-hr water intake measure consti- 
tuted the major dependent  variable. The food and water  
intakes from 4 p.m. - 12 noon were measured also, but  did 
not change as a funct ion of  drug adminis t ra t ion and 
therefore  are not reported.  

Isotonic saline (control  doses) or isoproterenol  (0.05, 
0.10 or 0.33 mg/kg) was injected s.c. at 12 noon.  Each 
isoproterenol  dose day was fol lowed by a saline dose day 
(control)  except  on weekends when no inject ions were 
given, al though the feeding-drinking and weighing proce- 
dures were maintained. Each dose level of  isoproterenol  was 
given to each animal from two to five t imes (usually three 
times) in a nonsystematic  order. 

Upon comple t ion  of  this phase of  the exper iment ,  the 
food schedule was changed so that animals were deprived of  
food for 2 hr prior to injection as well as during the 4-hr 
water  intake test period. Only one isoproterenol  dose level 
was administered (one to four  times for each animal) under 
this condit ion.  

Results 

The control  saline injections resulted in an insignificant 
amount  of  4-hr water  intake (0.1 - 0.5 ml). For  sham- 
operated animals, isoproterenol  yielded a dose-related 
increase (F = 7.89, p<0 .01 )  in water  intake (see Fig. I). 
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t. IG. 1. Water intake (4-hr) in water-satiated rats as a function or 
subcutaneous isoproterem~l doses or control (C) dose of isotonic 

saline in sham, partial, or completely salivarectomized animals. 

Similar dose-related results occurred for the comple te  
desalivate animals (F = 11.91, p<0 .005) .  However,  the 
dose-related increase was not significant for the partial 
desalivate rats. While isoproterenol  produced increased 
water  intakes in all groups of  animals, the degree of  increase 
was less in desalivate than in sham animals. At both  dosage 
points, the complete  desalivate group intakes were signifi- 
cantly less (p<0 .001)  than the  sham group values, and less 
(p<0 .02)  at the 0.05 mg/kg dose point  than the point  for 
the partial desalivate group (t-tests for uncorrelated means, 
2-tailed). The partial desalivate group intakes differed from 
the sham group values at the 0.05 mg/kg (p<0 .001)  and 
0.33 mg/kg (p<0 .01)  dose points, but not  at the 0.10 
mg/kg point. Clearly, the dipsogenic response to isopro- 
terenol injection was a t tenuated in desalivate animals, with 
the partial desalivate values falling between those of  the 
sham and comple te  desalivate groups. 

In the 20-hr period during which the animals had access 
to both food and water,  desalivate rats, especially the 
complete  desalivates, drank more water  than the sham 
group animals [cf. 3, 13]. The possibility might exist under 
such condi t ions  that  the decreased fluid intake response to 
isoproterenol  in desalivate animals could result f rom an 
initial state of  overhydra t ion  at the injection time. Since 
the overdrinking in desalivate rats is associated with the 
intake of  dry food,  wi thholding food for a period of  t ime 
prior to the water intake test should prevent this food- 
intake-related overhydrat ion.  Accordingly.  the 0.33 mg/kg 
isoproterenol  dose was repeated for all groups under  the 
additional condi t ion  of  food deprivat ion for 2 hr prior t(> 
injection. Figure 1 (right side) shows that the previous 
values for this dosage point  were replicated rather closely. 
Therefore ,  the a t tenuated  drinking response of  desalivate 
animals to isoproterenol  injection cannot  be at t r ibuted to a 
state of  initial overhydrat ion.  

A total o f  10 animals f rom the present s tudy died as a 
result of  the 0.33 mg/kg dose level of  isoproterenol  after 
having been exposed to the o ther  dose levels, as well as one 
or more doses at this greatest dose value. In related work,  
some of which did not involve surgery, we have found that 
the lower dose values also kill about  one-quar ter  of  the 
animals. 

EXPt']RIMENI" 2: I)IAZOXII)E-INI)UCH) 
DRINKING AND DESALIVATION 

Since the full expression of  isoproterenol- induced drink- 
ing was partially dependent  upon the integrity of  the 
salivary glands, it was decided to check the generali ty of  
this finding by using diazoxide,  a more efficacious dipso- 
genie agent [4] ,  in an exper iment  similar to the previous 
one. 

Procedures 

Animals. Four teen ,  male Hol tzman rats weighing 
2 6 0 - 3 5 0  g prior to surgery were used. Eight of  these had 
been used in the previous exper iment .  The  addit ional  
animals were surgically prepared as previously described. 
Housing condi t ions  were also maintained as in the previous 
experiment .  

Drugs. Diazoxide (3-methyl-7-chloro- l ,  2, 4-benzo- 
thiadiazine-I ,  1-dioxide), obtained as a gift f rom Schering 
Corp.,  Bloomfield,  N. J. ( l lypers ta t ) ,  was dissolved in a 
vehicle consisting of  one part 1 N NaOH to three parts 
isotonic NaCI solution,  Diazoxide solutions were prepared 
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immediately prior to injection. 
Experimental design. As in the second part of  the 

previous experiment, food was removed from the cages 2 hr 
prior to injection and the start of the water intake test 
period. However, the water intake test period was short- 
ened to 3 hr as this period was known from other of our 
studies to encompass the major drinking response to the 
dose of diazoxide selected (80 mg/kg, s.c.). As before, food 
was not available during the fluid intake test period. 

Each animal was injected with the diazoxide dose four 
times, with 3 - 9  days between injections. Vehicle doses 
were given a total of three times at volumes the same as 
those comprising the diazoxide injections and were ran- 
domly interposed between diazoxide injections. Three to 
nine days also elapsed between vehicle injections. 

Results 

Figure 2 shows that diazoxide injection produced a 
dipsogenic response in all groups of animals, while the mean 
water intake following vehicle injections was virtually zero. 
However, the intake response of the sham desalivate 
animals was significantly greater than the complete (t = 
5.26, df  = 33, p<0.001)  and the partial (t = 2.44, d f=  21, 
p<0.05) desalivate rats. The difference between the com- 
plete and partial desalivate groups was not significant. 

Unlike the case of isoproterenol in the previous experi- 
ment, diazoxide did not result in deaths. 

5 0  

2 5  

,.i 
u~ 
+ 2 0  

E 
h l  

, ' 1 5  

z 

~ I 0  

5 

I I  - VEHICLE 
- D IAZOXIDE ( 8 0 m g l  kg) 

0/ 
COMPLETE PARTIAL  SHAM 

I DESA LIVATE J 

FIG. 2. Water intake (3-hr) in water-satiated rats given sub- 
cutaneous doses of diazoxide or vehicle. Animals were either 

sham, partial, or completely salivarectomized. 

EXPERIMENT 3: NACL-INDUCED DRINKING AND 
DESALIVATION 

In Experiment 2, desalivate animals once again proved 
less responsive to a dipsogenic agent than sham-operated 
rats. In order to determine if this decrement would occur to 
a more traditional, osmotic stimulus to drinking, the 
present experiment was performed. 

Procedures 

Animals. Those used in Experiment 2 were retained for 
the present experiment. 

Experimental design. The same feeding-drinking sched- 
ule used in Experiment 2 was continued for this experi- 
ment. 

In the first phase, a 3% body weight intragastric load of 
0.5 M NaC1 solution was administered at the start of the 
3-hr drinking test period. Animals were lightly anesthetized 
with ether. A Number 8, French rubber catheter was passed 
down the esophagus and into the stomach. The hypertonic 
NaC1 was allowed to flow out of a burette into the stomach 
by gravity. Each animal was stomach loaded twice, with at 
least 3 days between successive loads. Two sham loads were 
administered as well, with at least 2 days between these 
treatments. A sham load consited of all the above manipu- 
lations except that no stomach load was administered. 
Stomach and sham loads were given in a random order. 

In the second phase of the experiment, hypertonic NaCI 
solution was administered intraperitoneally. A I% body 
weight load of 1.0 M NaC1 solution was injected intraperi- 
toneally at the start of the drinking test period. Each 
animal was injected twice with 3 days between the 
injections. 

Results 

Figure 3 shows that with sham loading the 3-hr drinking 
remained at the inconsequential baseline level. The intragas- 
tric NaCI load produced significantly less drinking in 
complete desalivate rats than in sham operated animals (t = 
2.46, df  = 22, p<0.05).  The other t-tests performed on the 
intragastric data were not significant. 

There were no significant differences among the compar- 
isons of drinking responses produced by intraperitoneal 
NaCI injection in desalivate and sham desalivate animals. 

DISCUSSION 

The decreased drinking response of salivarectomized rats 
to stimulation by s.c. isoproterenol and diazoxide is of 
interest since the dipsogenic properties of isoproterenol 
[7,9] and diazoxide (unpublished study) have been shown 
to depend upon the presence of the kidneys. While 
nephrectomy completely eliminates the dipsogenic effect of 
these drugs, salivarectomy attenuates it in the presence of 
kidneys. Since salivary gland renin plays a doubtful role in 
the physiological response of renin secretion ([ 10], p. 58; 
[12]), the lack of a drinking response to isoproterenol or 
diazoxide in the nephrectomized animal remains difficult to 
interpret until plasma renin activities are measured under 
these conditions. It is not known whether these agents can 
elicit renin secretion from the salivary glands, as they do 
from the kidneys, nor if any such elicitation is increased or 
decreased by nephrectomy. 

The present experiment agrees with previous research 
showing that the drinking response of de~livate rats to 
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FIG. 3. Water intake ~3-hr) in water-satiated rats given intragastric 13'/< body 
weight of 0.5 M NaCI) or intraperitoneal ( 1% b~d',' weight of l.f) M Na('lJ 
hypertonic loads. Animals were either sham, partial, or completely 

salivarectomized. 

parenteral ly adminis tered hyper ton ic  NaCI was comparable  
to control  animals, whe the r  the salt was adminis tered s.c. 
[6] or i.p. [13] .  The a t tenuated  drinking of  desalivates 
following intragastric hyper ton ic  NaC1 loads has not  been 
repor ted  previously,  a l though a decreased response to water  
deprivat ion [ 13] and hypovolemia  [6] has been noted .  

The decreased drinking response of  the desalivate rat to 
certain dipsogenic physiological and pharmacological  stim- 
uli cannot  at this t ime be assigned a ready in terpre ta t ion .  
An altered oral sensory env i ronment ,  or some endocr ine  
ou tpu t  f rom these glands may part icipate in the normal 
response to various dipsogenic stimuli. 
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