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SELLECK, S. B. AND J. B. SIMPSON. Intracranial injection parameters which affect angiotensin ll-induced drinking. 
PHARMAC. BIOCHEM. BEHAV. 13(4) 581-584, 1980.--Three intracranial injection parameters, injectate concentration 
at equivalent doses, rupture or bypass of the lateral ventricle by cannula in reaching the site, and multiple injections per 
animal, were studied to assess their effects on the drinking behavior elicited by anglotensin II at the lateral preoptic area 
(LPOA). Half of the animals were implanted with 23 gauge cannulae which penetrated the lateral ventricle en route to the 
site. The remaining animals received cannulae that were angled laterally to bypass the ventricle. In ventricular animals, the 
more concentrated injectate increased the total water intake over a 30 min period and affected the pattern of drinking 
through time. Animals with cannulae that penetrated the ventricle en route to the LPOA drank significantly more than the 
animals whose cannulae missed the ventricle. In all cases, no significant difference in drinking response was found between 
the first and second injections received by each rat. These results indicate that standardized intracranial chemical injection 
methods are needed for comparison of experiments utilizing this technique. 
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TO date, numerous and occasionally contradictory reports 
have appeared describing neural loci which putatively 
mediate angiotensin II (AII) induced drinking (e.g. [1, 5, 6, 7, 
8, 11, 12, 13]. Intracranial injection of  A l l  through chroni- 
cally implanted cannulae which terminate at a site in ques- 
tion has been one of  the principal techniques employed in 
such investigations. In these studies, the intracranial chemi- 
cal injection (ICI) parameters that govern delivery of AII ,  
such as the concentration of injectate and the rupture or 
bypass of the lateral ventricle by cannulae en route to a site, 
have varied greatly. One reason, then, for the controversy 
regarding central sites of  AII  action may be the differing 
methods used between different experimenters.  As previ- 
ously emphasized [ 10], the formulation of hypotheses regard- 
ing putative sites of AII  action should require an understand- 
ing of those ICI parameters which affect the elicited behavior. 

In order to determine if ICI methodology could affect 
drinking elicited by AII ,  we studied the effect of the follow- 
ing parameters on induced drinking behavior: (1) concentra- 
tion of AII  in the injectate (at equivalent doses); (2) rupture 
or bypass of the lateral ventricle by cannulae along their 
trajectory to the site; and (3) repeated injections of A l l  in 
each animal. We chose the lateral preoptic area (LPOA) as 
the site of administration since it has been suggested by sev- 
eral investigators that this is one site of the dipsogenic action 
of AII  [5, 6, 8, 13]. Others, however,  have failed to obtain 
data in support of this proposition [7, 11, 12]. The results of 
our experiments document that the elicited behavior may be 

affected by modifications in ICI methodology and may pro- 
vide a resolution to the contradictory reports concerning the 
sensitivity of  the LPOA to AII.  

METHOD 

Animals 

Male Long Evans rats (University of  Washington, De- 
partment of Psychology Animal Colony) weighing between 
250-375 g were individually housed in hanging wire mesh 
cages. Water  and Purina Rat Chow were available ad lib. The 
vivarium was maintained at 25°C and the lighting controlled 
to turn on at 0800 hr and off at 2000 hr. 

Surgery 

In preparation for surgery, animals were given atropine 
sulfate (0.2 mg/rat) and anesthetized with Equithesin (3.00 
cc/kg). The rat was mounted in a Kopf  rodent stereotaxic 
and an incision was made on the top of  the head to expose 
the skull. The periosteum was removed prior to the drilling 
and insertion of  two jewelers screws into the skull bones. A 
small trephine hole was then drilled through the cranium and 
a 23 ga guide cannula, containing a 30 ga obturator,  was 
positioned in the brain. Flat-skull coordinates referenced 
from bregma for animals with ventricular bypass  and ven- 
tricular rupture were: posterior 0.2 mm, lateral 3.9 mm (an- 
gled 14 ° toward midline), ventral 7.2 mm; and posterior 0.2 
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FIG. 1. Mean drinking (-+SE) taken at six successive 5 min intervals for animals receiving 10 ng AII/0.1 
/.d 0.9% NaC1 and 10 ng AII/1.0/.d 0.9% NaCI via cannulae that penetrate the lateral ventricle en route 
to the lateral preoptic area (n=5 for each injectate volume group). 

mm, lateral 1.7 mm, ventral 7.4 mm, respectively. The can- 
nula system was fixed to the skull with methyl methacrylate 
cement. After the incision was closed, the animal was given 
a prophylactic dose of penicillin (100,000 IU/kg). Intracranial 
injections were performed six to seven days after surgery. 

Experimental Tests 

For drinking tests, animals were removed from their 
cages and restrained by hand while the obturator was re- 
moved and the injection cannula inserted. The injector was 
connected to a 10/zl Hamilton gas chromatography syringe 
by a length of PE-10 tubing. The injection rate was 0.1 
/zl/sec. The injector was removed and the obturator replaced 
30 sec after injection. The animal was then returned to its 
home cage. Drinking measurements were taken from a cali- 
brated burette every 5 min for a 30 rain time period. Each 
rat received two intracranial injections, one on each of two 
consecutive days between 1300 and 1700 hr. 

Histology 

The brain was removed and placed in 10% Formalin after 
intracardiac perfusion with 0.9% saline followed by 10% 
Formalin. Frozen sectioning (40/zm sections) and cresyl vio- 
let staining of fixed tissue were performed in order to visu- 
alize the cannula track. Scoring of cannula placement for 
each animal was done without knowledge of the animal 's 
behavior. 

EXPERIMENT 1- VENTRICULAR PENETRATION 
EN ROUTE TO LPOA 

The first experiment assessed the effects of injectate con- 
centration and multiple injections on drinking behavior elic- 

ited by AII at the LPOA when cannulae penetrated the ven- 
tricular ependyma. All intracranial injections contained 10 ng 
AII in 0.9% NaCl. The volume of injectate, 1.0 or 0.1/~l, was 
varied between two groups of subjects. Each animal re- 
ceived two injections of the same injectate concentration on 
subsequent days. 

EXPERIMENT 2: VENTR1CULAR BYPASS EN ROUTE TO LPOA 

The second study focussed on the same methodological 
parameters outlined above, but in animals with cannulae that 
bypassed the ventricle. Each rat received one injection each 
of 10 ng AII in 0.1 g.1 and 10 ng AII in 1.0/xl of 0.9% NaC1. 
The two injection concentrations were presented in counter- 
balanced order to the two experimental groups. 

RESULTS 

EXPERIMENT 1: VENTRICULAR PENETRATION 
EN ROUTE TO LPOA 

The mean intake for each 5 min interval for animals re- 
ceiving 1.0/zl and 0.1 /xl injection volumes is presented in 
Fig. 1. A three-way analysis of variance with two repeated 
measures was performed to simultaneously test for the ef- 
fects on water intake of: (1) injectate concentration at equal 
doses of AII; (2) order of injection; and (3) time course of 
elicited drinking [3]. This analysis indicated that the more 
concentrated injection effected an increase in the total water 
intake F(1,8)=7.99, p<0.025, and altered the pattern of 
drinking through time, F(5,40)=5.44, p <0.001. Figure 2 illus- 
trates the marked increase in total water intake effected by 
increasing the concentration of AII in the injectate in animals 
with cannulae that ruptured ventricular ependyma en route 
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FIG. 2. Total water intake (-+SE) over a 30 min period for animals 
with cannulae that rupture or bypass the lateral ventricle en route to 
the lateral preoptic area, at both injectate concentrations. 

to the LPOA. No significant difference was detected be- 
tween drinking induced by the first and second injections of 
AII,  F(1,8)=0.152, p>0.25.  In animals with cannulae that 
penetrated the lateral ventricle en route to the LPOA, then, 
the increased concentration of  AII  at a constant dose in- 
creased the total water intake and altered the pattern of 
drinking through time. 

EXPERIMENT 2: VENTRICULAR BYPASS EN ROUTE TO LPOA 

A two-way analysis of variance contrasting the drinking 
in response to the first and second injections across time for 
each injection concentration (Fig. 1) showed that multiple 
injections had no significant effect on drinking for 0.1 /~l 
injection, F(1,10)=0.175, p>0.25,  and for 1.0 p,l injection, 
F(1,10)=0.211, p >0.25 [4]. Nor  was there a significant effect 
on the time course of drinking, F(5,50)=0.053, p>0.25  for 
0.1 /~l injection and F(5,50)=0.040, p>0.25,  for the 1.0 /~l 
injection. This suggests that the marginal drinking observed 

was not in response to the AII  injection. A paired t-test 
contrasting total water intake for the two concentrations did 
not detect a significant difference, t(11)=0.956, p>0.25,  Fig. 
2 [14]. Therefore, injectate concentration and multiple injec- 
tions of AII  into the preoptic area had no effect on the drink- 
ing behavior of animals with cannulae that bypassed the lat- 
eral ventricle. 

As previously reported [7], traversing the lateral ventricle 
by cannulae en route to LPOA has dramatic effects on AII  
elicited drinking (Fig. 2). A two-way analysis of variance 
comparing ventricular and ventricular bypass animals at 
both injectate concentrations revealed a significant differ- 
ence, F(1,16)=73.62, p<0.001 [14]. 

DISCUSSION 

Our results indicate that variations in ICI parameters may 
considerably alter behavior induced by an intracranially in- 
jected compound. More concentrated injections, containing 
the same dose of AII ,  increased drinking in animals with 
cannulae that traversed the lateral ventricle en route to the 
LPOA. In support of previous work, penetration of the ven- 
tricle by cannulae was necessary for drinking induced by 10 
ng AII at this site [7]. Our data confirm this important obser- 
vation. 

These data also indicate that it is likely that more concen- 
trated AII  injections increase diffusion and hence flux of AII  
across distant receptors,  thereby increasing the evoked 
drinking. This hypothesis is supported by previous work that 
suggested diffusion of substances injected into the brain is a 
function of concentration and osmolality [2]. In our study, 
however,  the osmolality of the injectate per se did not 
provoke drinking at the LPOA, since animals with cannulae 
which bypassed the ventricle did not drink in response to the 
more concentrated injection of AII.  

The possibility that increased injectate concentration ef- 
fects greater diffusion indicates that the problem of chemical 
spread is not circumvented simply by using smaller, more 
concentrated injections, as many investigators have assumed 
[9,13]. Indeed, the counter-intuitive enhancement of spread 
observed in small volumes but more concentrated AII  injec- 
tions is predictable after consideration of F ick ' s  First  and 
Second Laws. It is therefore naive to assume that decreasing 
the injectate volume, thereby increasing the concentration at 
equivalent doses,  localizes the injectate to the region im- 
mediately surrounding the cannula tip. Parameters governing 
ICI methodology should receive careful attention in future 
research. 
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