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ERWIN, V. G., L. J. DRASKI AND R. A. DEITRICH. Neurotensin levels and receptors in HAS and LAS rat brains: 
EJJecfs ofethanol. PHARMACOL BIOCHEM BEHAV 54(2) 525-532, 1996.-Previous studies of neurotensin (NT) levels 
and NT receptor densities in specific brain regions of mice selectively bred for differences in sensitivity to ethanol have shown 
that NTergic processes may mediate some actions of ethanol. In the present study, we have determined the levels of NT and 
NT receptor densities in specific brain regions of HAS and LAS rats that have been selectively bred for differences in 
sensitivity to ethanol-induced loss of righting response. Regional differences in NT levels were observed in brains from both 
HAS and LAS rats and values in hypothalamus, ventral midbrain, and nucleus accumbens from female rats were 25 to 75% 
higher than levels in corresponding regions from male rats. However, there were no significant line differences in NT-ir levels 
in corresponding regions from HAS and LAS animals. High-affinity binding (NTH E,,, values), measured by Scatchard 
analyses, were higher in ventral midbrain from HAS males than from LAS males. NTH receptor densities were higher in HAS 
males than in HAS females; sex differences were not observed in the LAS line. There were no significant line or sex differences 
between HAS and LAS in low-affinity (NT,) B,,, values in any brain region. In HAS females, subhypnotic doses of ethanol 
produced a decrease in NT levels in nucleus accumbens, whereas, hypnotic doses caused an increase in NT levels. Likewise, 
hypnotic doses elicited increases in NT levels in hypothalamus of female HAS and LAS, but not in ventral midbrain or 
caudate putamen. These results are consistent with low dose activation of mesolimbic and nigrostriatal dopaminergic neurons 
in which NT is colocalized with dopamine and with high dose inhibition of these pathways. 

Neurotensin Ethanol Brain HAS rats LAS rats 

NEUROTENSIN (NT), an endogenous tridecapeptide, meets 
virtually all criteria for a neurotransmitter including wide dis- 
tribution within perikarya, nerve fibers, and presynaptic ter- 
minals of nigrostriatal, mesolimbic, cortical, and hypothala- 
mic neurons (8,19,23,28,34,44), Ca’+-dependent release (27), 
specific high-affinity receptors (36,45), signal transduction 
processes (17,20,21) and rapid enzymatic degradation (4). Re- 
cent studies have described the gene for NT and neuromedin 
N, a peptide related to NT (30), and have utilized a cDNA 
clone to determine mRNA levels in several brain regions. The 
ratio of mRNA to NT immunoreactivity (NT-ir) levels are 
comparable for most brain regions except the cerebral cortex 
which had a higher than predicted mRNA level (30). 

Specific, saturable, and reversible binding of NT to rat 
and mouse brain membranes show that the 8-13 C-terminal 
portion of the peptide is required for binding. Dissociation 
constants for NT binding were similar for membranes from 

selected brain regions from mice or rats (3,22,35). Studies 
using [‘251]-labeled NT have revealed biphasic binding iso- 
therms best described by two independent, high-affinity (NT,) 
and low-affinity (NT,) binding sites (3,36); binding capacity is 
greater for NT, than for NT, in rat brain regions. Studies 
with recombinant inbred strains of mice indicate that the den- 
sities of NT, and NT, receptors are independently regulated 
(16). Kitabgi et al. (31) and Schotte et al. (41) have shown that 
levocabastine, an H, histamine antagonist, selectively inhibits 
binding to NT,, providing a valuable tool to distinguish be- 
tween the NT, and NT, receptors. Levocabastine has been 
used to determine the regional distribution of NT, and NT, 
binding in rat and mouse brain (3,31,41). Large differences 
were observed in NT receptor densities among brain regions 
with highest densities in cortical regions and lowest in the 
brain stem and cerebellum. Autoradiographic studies indicate 
NT receptors on dopamine cell bodies and dendrites in the 
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substantia nigra and ventral tegmental area (VTA) and on 
cholinergic neurons in the basal forebrain (38,43,46). 

Pharmacological studies have shown that administration 
of NT, ICV or into the nucleus accumbens (NA), elicits anxio- 
lytic effects and locomotor inhibition (18,29,40) and injections 
into the VTA produces locomotor activation (29). It has been 
proposed that these effects are mediated by NT interactions 
with central dopaminergic processes (2,37,40). For example, 
microinjection of NT into the VTA enhances dopamine turn- 
over in the (NA) and striatum (STR), but administration into 
the NA or ICV blocks dopamine-mediated motor activation 
(29,40). NT, administered centrally, elicits many effects simi- 
lar to those produced by ethanol, including hypothermia (39), 
altered locomotor activity (18,29), and analgesia (5). More- 
over, NT produces marked potentiation of ethanol-induced 
anesthesia and reversal of ethanol-mediated locomotor activa- 
tion (15,18). These actions are genotype specific, as shown by 
differences in the LS/Ibg (LS) and SS/Ibg (SS) mice (15,18), 
which were selectively bred for differences in hypnotic sensi- 
tivity to ethanol. 

Because LS and SS mice were selectively bred for differ- 
ences in hypnotic sensitivity to ethanol and found to differ 
also in other ethanol actions (9,18), it was hypothesized that 
the genotype specific pharmacological interactions of NT with 
ethanol may be associated with genetically selected differences 
in NT levels or receptors. Campbell et al. (3) characterized the 
NT, and NT, receptors in LS and SS mice and found line 
differences in NT, receptor densities in ventral midbrain, nu- 
cleus accumbens, and entorhinal and frontal cortex, and in 
NTH in ventral midbrain. In these brain regions receptor den- 
sities were higher in SS than in LS mice. In recent studies, 
using recombinant inbred strains derived from LS and SS 
mice, Erwin et al. (11) found NT, densities were significantly 
correlated with ethanol-induced locomotor inhibition and 
hypnotic sensitivity. 

Previous investigations (10,12) showed that endogenous 
levels of NT-ir were higher in LS than in SS hypothalamus 
and striatum. In those studies, acute ethanol administration 
produced a biphasic dose response; subhypnotic doses de- 
creased while hypnotic doses increased NT-ir levels in specific 
brain regions (12). Because previous studies in mice indicate 
that neurotensinergic processes might mediate, in part, genetic 
differences in sensitivity to ethanol, the present study was 
undertaken to further test this hypothesis by comparing en- 
dogenous NT-ir levels, NT receptors, and the effects of etha- 
nol on NT-ir levels in HAS and LAS rats that were selectively 
bred for differences in hypnotic sensitivity to ethanol (7). 

ABBREVIATIONS 

HAS-high alcohol sensitive; LAS-low alcohol sensitive; 
NT - neurotensin; IP - intraperitoneal; NT, and NT, - low- 
affinity and high-affinity neurotensin receptors, respectively. 

METHOD 

Animals 

The high alcohol sensitive (HAS) and low alcohol sensitive 
(LAS) rats were selectively bred for differences in hypnotic 
sensitivity as measured by duration of loss of righting response 
and blood ethanol concentration (BEC) at regaining righting 
response (7). The selection was initiated from the genetically 
heterogeneous N/Nib stock and the lines used in these studies 
were from the 17th and 18th generations of selective breeding. 
The HAS and LAS lines differed in hypnotic sensitivity to 
ethanol to the extent that differential doses of ethanol, IP, 

were administered (2.45 g/kg for HAS and 3.6 g/kg for LAS) 
to achieve comparable duration of loss of righting response. 
HAS rats regain righting response at significantly lower BEC 
than LAS rats (see the Results section). The HAS and LAS 
rats are not compared for duration of loss of righting response 
(sleep time) because of different doses required to produce 
this effect. Rats were group housed at weaning (three per cage) 
in single-gender, Plexiglas cages and provided water and labo- 
ratory rat chow ad lib. The vivarium was maintained at 22 f 
1 OC, with a 12 L : 12 D cycle (onset at 0600 h), with all testing 
occurring between 0800 and 1130 h. Rats were between 60- 
130 days of age at the time of testing, and no line differences 
in body mass at testing were observed for either males (HAS 
mean + SEM = 3 13 g f 8; LAS = 3 12 g + 8) or females 
(HAS = 160 f 3; LAS = 158 + 3). 

Materials 

Reagents and chemicals were obtained as follows: neuro- 
tensin,.,, (NT), bovine serum albumin, 1,lO phenanthroline, 
Tris HCl, and polyethylenimine (50% aqueous) from Sigma 
Chemical Co., St. Louis, MO; Na[‘*?] and [3,11-Tyrosyl-3,5- 
3H(N)] neurotensin,_,, (83 Ci/mmol in ethanol) from NEN 
Products, E. I. DuPont de Nemours & Co., Boston, MA; 
levocabastine was a generous gift from Janssen Pharmaceu- 
tica, Breese, Belgium; neurotensin antiserum, selective for the 
C-terminal region, was obtained through the courtesy of Dr. 
Marvin Brown, University of California at San Diego, San 
Diego, CA. 

Handling Protocol 

Procedures were used to minimize possible effects of stress 
on neurotensin processes. All cages within a testing group 
were removed from their holding rack and individual rats were 
removed from their home cage one at a time, conventionally 
restrained using a leather-gloved hand, and an injection into 
their abdomen simulated with a capped syringe. After approx- 
imately 30 s the animal was replaced into its cage. When all 
rats had been handled and returned to their cage, they were 
transported to a separate experimental room where each cage 
was placed into a Plexiglas chamber used for CO, asphyxia- 
tion. Following a 1-min habituation session in the CO, cham- 
ber, all cages were returned to their holding rack in the colony 
room. Rats were handled as such for 4 days, with testing 
occurring on the fifth day. These handling procedures were 
conducted to minimize handling induced stress, because previ- 
ous studies showed that these procedures minimized elevations 
in plasma corticosterone (7). 

Testing Protocol 

Rats either were not injected (control) or were injected with 
either 0.5, 1.0,2.0, or 3.5 g/kg ethanol (15% w/v) or a volume 
of saline equivalent to the highest dose (controls). Thirty min- 
utes postinjection animals were anesthetized in a CO, chamber 
and sacrificed by decapitation. Brains were rapidly dissected 
for neurochemical analyses. Two 40 ~1 samples of trunk blood 
were obtained from the animals at this time for comparison of 
blood ethanol concentration (BEC) at the time of sacrifice. 

Neurotensin Extraction and Radioimunoassay 

Brains were removed quickly (< 1 min), chilled in ice-cold 
saline for 30 s, sliced, and specific regions dissected according 
to anatomical guidelines similar to those used in previous stud- 
ies with mice (42). Neurotensin was extracted and assayed as 
previously described (10,12). Tissues from the regions were 
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weighed, and homogenized in 10 to 20 vol of 0.01 N HCl, and 
placed in a boiling water bath for 5 min. Homogenates were 
centrifuged at 20,000 x g for 20 min, and the resulting super- 
natant extracts were lyophilized and stored at - 70°C for less 
than 2 weeks prior to radioimmunoassay (RIA). Standard 
double antibody RIAs were used to measure NT concentra- 
tions (10,12). 

NT was iodinated by the procedure of Hunter and Green- 
wood (25) by incubating 1 nmol NT with 20 g chloramine-T 
and 2 mCi Na[“‘I] in 30 ~1 0.5 M phosphate buffer, pH 7.4. 
The reaction was terminated by the addition of sodium meta- 
bisulfite (ca. 200 pg/50 PI), and labeled NT was purified by a 
Sep-Pat procedure followed by column chromatography on 
Sephadex G-50 fine. The ratio of bound/bound-plus-free 
[‘*‘II-NT was calculated for each level of NT in a standard 
curve. Displacement curves were obtained by plotting the ratio 
of [‘*‘I]-NT tracer bound in the presence (B) and in the ab- 
sence (B,) of unlabeled NT standards against the log,, NT 
amount. Antiserum dilutions yielding approximately 30 to 
40% binding of [‘*‘II-NT tracer (10,000 cpm) in the absence 
of NT standards were used. The antiserum was previously 
characterized (32) and shown to recognize the C-terminal re- 
gion of NT. The concentrations of NT-ir in tissue extracts 
were calculated by regression analysis of standard curves. Ali- 
quots of the reconstituted extracts were assayed in triplicate 
with at least two dilutions. Extraction efficiency, determined 
by addition of NT,.,, to homogenates, was approximately 75 
to 80%. Assay sensitivity was measured at 10 concentrations 
(each concentration in triplicate) between 1 to 120 pg NT with 
a mean IC,, of 20 pg; this standard curve was run with each 
assay. Procedures described previously (10,12) were used for 
verification of NT-ir in brain extracts as authentic NT,.,,. 

Neurotensin binding assays. Animals were sacrificed and 
brains dissected as described above; dissected and/or punched 
regions were rapidly chilled in cold (4OC) 50 mM Tris buffer, 
pH 7.4, containing 40 mg/ml bacitracin and 1 mM EDTA. 
Pooled regions from two to four brains were homogenized in 
10 vol of buffer; the homogenates were centrifuged at 100,000 
x g for 30 min. The resulting membrane pellet was rehomoge- 
nized and centrifuged; this wash procedure was repeated 
twice. The membrane pellets were resuspended in buffer to 
give a final protein concentration of 4 to 5 mg/ml (33); each 
binding tube contained 200 to 250 Kg protein. 

Binding assays were performed essentially as described by 
Kitabgi et al. (31) with membrane protein in 50 mM Tris 
buffer, pH 7.4, containing 0.5 mM I,lO-phenanthroline, 0.2% 
bovine serum albumin in a total volume of 0.1 ml. Assays 
were performed in the presence of nine concentrations of 
[3H]-NT (0.01 to 20 nM). Scatchard analysis were performed 
with the LIGAND program for a two site model and iterated 
values for Kd and B,,, were obtained for specific brain regions 
of HAS and LAS rats. Unlabeled NT,_,, (10 PM) was used to 
determine nonspecific binding. After 20 min incubation at 
22OC, a time shown to be sufficient to reach equilibrium, 0.9 
ml cold binding buffer was quickly added, and the suspension 
was rapidly filtered under reduced pressure on Whatman GF/ 
B glass fiber filters, which were presoaked for 3 h in 0.2% 
polyethylenimine to minimize nonspecific binding of labeled 
NT. The filters were washed twice with 2 ml each of cold 
buffer and were placed in vials containing 4 ml. Scintiverse 
II scintillation cocktail. Radioactivity was determined with a 
Beckman L3-3 133P scintillation counter. 

Data Analysis 

Data from each experiment were analyzed by appropriate 
one-, two-, or three-way analysis of variance (ANOVA) to 

assess effects of between-subjects variables (rat line, sex, and 
ethanol dose) where needed. In each instance the number of 
between- and/or within-subjects variables and the Scheffe’ 
post hoc test used is indicated. F-Ratios and corresponding p 
values are provided for values of p < 0.05. 

RESULTS 

Comparisons of Ethanol Sensitivities and Endogenous 
Neurotensin Levels 

The results in Table 1 show blood ethanol concentrations 
(BEC values) at regain of righting response in HAS and LAS 
rats. As expected, BEC values at regaining righting response 
were significantly higher for LAS than for HAS rats, verifying 
a greater sensitivity to hypnotic effects of ethanol in the HAS 
line. Values for HAS males (259 mg/dl) were significantly less 
than values for HAS females (296 mg/dl), but there was no 
significant difference between males and females in the LAS 
line. As noted in Table 1, there was a significant line by sex 
interaction. There were no significant differences between rep- 
licates (1 and 2) of HAS (253 and 266 mg/dl) or LAS (432 and 
408 mg/dl) (data not shown in Table 1). 

Data presented in Table 2 show levels of endogenous neu- 
rotensin immunoreactivity (NT-ir) obtained from brain re- 
gions of control (noninjected) HAS and LAS rats. Unfortu- 
nately, sufficient numbers of animals were not available to 
determine NT-ir levels in brain regions from both replicates of 
the HAS and LAS lines. Thus, data in Table 2 represents 
mean values of NT-ir for approximately equal numbers of 
replicates combined by line. As expected, brain regions dif- 
fered markedly in NT-ir levels. Levels of NT-ir were similar in 
corresponding hypothalamus (HYP), ventral midbrain (VMB), 
or caudate putamen (CP) from HAS and LAS rats. It is of 
interest that in all brain regions examined, except the NA from 
LAS, NT-ir levels in females were significantly higher (28 to 
75%) than in males of both rat lines. 

Effects of Ethanol on Neurotensin Levels 

Thirty minutes after saline or doses of ethanol (0.5 to 3.5 
g/kg) were administered, rats were sacrificed and blood sam- 
ples taken for BEC determinations and brains were dissected 
and extracted for NT-ir assays. Data in Table 3 show that 
BEC values were not significantly different for HAS and LAS 
rats at corresponding doses. Values for BEC in males and 

TABLE 1 

BLOOD ETHANOL CONCENTRATIONS IN 
HAS AND LAS RATS AT REGAINING 

RIGHTING RESPONSE 

BEC (mg/dI) Mean i SEM 

Line Males (n) Females (n) 

HAS 259 f 9.6 (78) 296 f 11.0 (83) 

LAS 422 f 4.6 (84) 423 f 5.9 (85) 

These values represent means of both repli- 
cates of the HAS and LAS lines. A three-way 
analyses of variance (line x sex x replicate) 
showed significant, p < 0.001, main effects for 
line, F(1, 322) = 1111, and for sex, F(1, 322) = 
19.8, but not for replicate. There was a signifi- 
cant line by sex interaction, F(1, 322) = 14.5, 
but no significant line by sex by replicate interac- 
tion. 
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TABLE 2 

COMPARISONS OF NEUROTENSIN LEVELS IN BRAIN REGIONS FROM 
HAS AND LAS RATS 

Neurotensin Levels (rig/g Tissue) Mean + SEM 

Line Brain Region (n) Males (fl) Females 

HAS Hypothalamus 5 69.3 f 10.7 5 106.7 f 13.6 
HAS Vent. Midbrain 4 30.7 f 3.5 5 53.6 f 8.0 

HAS NW. Accumbens 5 31.5 f 2.3 5 40.3 l 4.8 
HAS Caud. Putamen 4 7.9 f 0.9 5 11.1 f 1.0 
LAS Hypothalamus 5 74.5 * 17.0 5 105.6 f 11.9 
LAS Vent. Midbrain 4 29.6 f 2.4 5 44.0 f 4.7 

LAS Nut. Accumbens 5 43.6 f 13.1 5 33.9 f 7.8 
LAS Caud. Putamen 5 8.6 + 1.6 5 12.1 f 3.2 

ANOVA for within-subject variables for HAS and LAS (males and fe- 
males) showed significant, p < 0.001, differences in NT levels by brain region, 
F(3, 17) = 22.6 and F(3, 18) = 46.3 for HAS, and F(3, 18) = 22.0 and F(3, 
19) = 82 for LAS. There were no sex by strain or region by strain interactions. 

ANOVA for between-subject variables showed significant, p < 0.05, ef- 
fects for sex, F(l, 36) = 6.0 and F(1, 37) = 6.9 for HAS and LAS, respec- 
tively, across all brain regions. NT levels were lower in males than in females 
for all regions except in LAS nucleus accumbens and caudate putamen. Values, 
within region, in HAS were not significantly different from those in LAS. 

females were not different at corresponding ethanol doses, 
data not shown. Thus, any between-line or sex effects of etha- 
nol on NT-ir levels could not be accounted for by differences 
in BEC. 

Administration of saline (0 ethanol dose) had no significant 
effect on the NT-ir levels of any brain region (Figs. l-4 and 
Table 2). From the data in Fig. 1, ANOVA (line x sex x 
ethanol dose) indicated no significant main effect of line or 
ethanol dose, but a significant, F(l, 59) = 27.9, p < 0.0001, 
effect of sex on NT-ir levels in hypothalamus. There was a 
significant sex by treatment interaction, F(2, 59) = 3.5, p < 
0.05, with post hoc tests indicating that in female rats there 
were significant (p < 0.05) effects of ethanol dose, F(4, 24) 
= 3.5, and F(4, 24) = 2.7, respectively. In the HAS, but not 
LAS females, values of NT-ir at 2.0 and 3.5 g/kg were signifi- 
cantly greater than values after saline (0 ethanol dose), 0.5, or 
1 .O g/kg ethanol. 

Effects of ethanol on ventral midbrain NT-ir levels are 
shown in Fig. 2. Following saline administration, NT-ir levels 
for both HAS and LAS females were significantly (p < 0.05) 

TABLE 3 20 

BLOOD ETHANOL CONCENTRATIONS IN 
HAS AND LAS RATS AT 30 MIN AFTER 

VARIOUS ETHANOL DOSES 

Ethanol Dose 
(g/kg) 

BEC (mg/dl) Mean * SEM 

HAS LAS 

0.5 49+ 3 43 f 2 
1.0 119+ 6 116 * 3 

2.0 204+ 3 200 l 7 
3.5 363 f 11 357 f 7 

Two-way ANOVA (dose x line) showed a sig- 
nificant effect of dose, but no significant differences 
in BEC values between lines at corresponding doses. 

higher than in corresponding males. ANOVA showed no 
significant main effect of ethanol dose nor rat line, but a 
significant, F(l, 55) = 27.6, p < 0.0001, effect of sex was 
observed. Three-way ANOVA showed not significant interac- 
tions among line, sex, and ethanol dose. 

Data presented in Fig. 3 show the effects of ethanol on 
NT-ir levels in nucleus accumbens from HAS and LAS rats. 
A three-way ANOVA (line x sex x dose) showed significant 

ETHANOL DOSE, IP (glKg) 

FIG. 1. Dose-response relationships for effects of ethanol on neuro- 
tensin levels in hypothalamus of HAS and LAS rats. HAS and LAS 
rats (n = 4 to 6 for males and females) were injected with saline or 
ethanol (20% v/v) in saline to give the doses indicated. Unfortunately, 
there were insufficient numbers of male HAS and LAS in generations 
17 and 18 to include ethanol doses of 0.5 and 1 .O g/kg. Following CO, 
euthanasia and decapitation brains were rapidly removed, dissected 
and regions placed in 0.01 N HCI. Samples were homogenized and 
NT-ir extracted as reported previously. Data were analyzed by three- 
way ANOVA for between-subjects variables (line, sex, and ethanol 
dose). Scheffe test was used to evaluate comparisons between groups. 
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FIG. 2. Dose-response relationships for effects of ethanol on neuro- 
tensin levels in ventral midbrain of HAS and LAS rats. Experimental 
conditions and data analyses were as described in Fig. 1. 

main effects of sex, F(1, 59) = 32.3, p < 0.0001, line, F(1, 
59) = 9.1, p < 0.004, and ethanol dose, F(1, 59) = 14.4, p 
< 00001. All interactions among these variables were signifi- 
cant (p < 0.01). Scheffe post hoc tests showed NT-ir levels at 
3.5 g/kg ethanol to be significantly (p < 0.05) different from 
values after saline or 1.0 g/kg ethanol. In females, ANOVA 
showed a significant difference in NT-ir values between saline 
and 1.0 g/kg ethanol. These indicate that ethanol produces a 
biphasic dose response on NT-ir levels in the NA with subhyp- 
notic doses causing a decrease and hypnotic doses eliciting a 
increase in levels. 

As indicated in Fig. 4 and Table 2, NT-ir levels in the 
caudate putamen are quite low; thus, there is greater variabil- 
ity in the radioimmunoassays for NT in this brain region com- 
pared to other regions. Analysis of the data indicated no sig- 
nificant main effects of line, sex, or ethanol dose. 

Neurotensin Receptors 

Preliminary studies with the HAS and LAS rats indicated 
that these lines did not differ in either high-affinity (NT,) 
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I I , 

0 1 2 3 4 

LAS 1 
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0 1 2 3 4 

ETHANOL DOSE. IP (g/Kg) 

FIG. 3. Dose-response relationships for effects of ethanol on neuro- 
tensin levels in nucleus accumbens of HAS and LAS rats. Experimen- 
tal conditions and data analyses were as described in Fig. 1. 
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FIG. 4. Dose-response relationships for effects of ethanol on neuro- 
tensin levels in caudate putamen of HAS and LAS rats. Experimental 
conditions and data analyses were as described in Fig. 1. 

or low-affinity (NT,) NT receptor subtype in frontal cortex, 
striatum, or ventral midbrain, data not shown. These studies 
utilized the low-affinity NT receptor blocker, levocabastine 
(31), at one concentration (20 nM) of [‘HI-NT in the binding 
assay. The data presented in Tables 4 and 5 represent equilib- 
rium binding assays and Scatchard analysis of NT binding at 
nine concentrations of [3H]-NT ranging from 0.01 to 20 nM. 
Analysis of these binding data were performed with LIGAND 
for a two site model and iterated values for K,, and B,, were 
obtained for specific brain regions of both male and female 
HAS and LAS rats. 

The results in Table 4 revealed that high-affinity NT (NT,) 
receptors, putatively the pharmacologically relevant receptors, 
differed significantly by specific brain region in both HAS and 
LAS rats. However there were no significant differences in Kd 
values for the high-affinity receptor in brain regions studies. 
Two-way ANOVA (line x sex) showed no significant line dif- 
ferences in Kd or B,, values for striatum (STR). Values for 
B in STR from HAS, but not LAS, were significant- 
lymIigher in males than in females, F(1, 9) = 3.6. Similar 
analyses showed no significant overall line or sex effects for 
VMB B,, values; however, B,,,, values in HAS males were 
significantly (p c 0.05) higher than values in LAS males, F( 1, 
9) = 3.2. 

Binding parameters for the low-affinity NT receptor, NT,, 
(levocabastine-sensitive receptor) are shown in Table 5. No 
between-line or sex differences were observed in Kd or B,, 
values for these receptors. 

DISCUSSION 

Previously, the LS and SS mice and recombinant inbred 
strains derived from these lines were shown to differ in neuro- 
tensin-immunoreactivity (NT-ir) and in NT receptor densities 
(14) in specific brain regions, and there were significant ge- 
netic correlations among these NT measures and hypnotic sen- 
sitivity to ethanol (11). Thus, we determined the levels of 
NT-ir and NT receptor densities in specific brain regions of 
HAS and LAS rats to determine whether hypnotic sensitivity 
to ethanol in rats might be associated with differences in NT- 
ergic processes. Data in Table 2 show significant differences 
in NT-ir levels by brain region in both HAS and LAS rats. 
ANOVA of the data showed that, within sex, NT-ir levels do 
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TABLE 4 

HIGH-AFFINITY NEUROTENSIN RECEPTOR CHARACTERISTICS IN HAS AND LAS RAT BRAINS 

NT, Binding Parameters 

Males Females 

Rat Line Brain Region Kd B ml* G B ma” 

HAS STR 0.14 f 0.05 29.1 z+z 6.9 0.12 l 0.04 17.3 f 4.7 

HAS VMB 0.21 f 0.04 39.0 * 7.1 0.10 l 0.02 24.8 f 4.2 

LAS STR 0.10 f 0.05 18.9 zt 4.0 0.23 zt 0.15 16.3 zt 5.3 
LAS VMB 0.10 & 0.06 21.7 f 5.3 0.06 zt 0.03 23.5 f 4.3 

All values are means f SEM of n = 4 to 6 separate experiments using pooled brain regions from 
four to six animals of corresponding line and sex. 

not differ by brain region between HAS and LAS rats. How- 
ever, there were significant gender differences in NT-ir levels 
in virtually all brain regions in both rat lines with levels in 
females being approximately 25 to 75% higher than in males. 
The greatest gender differences were observed in the ventral 
midbrain (VMB) and the smallest differences were found in 
the nucleus accumbens (NA); indeed, no difference was ob- 
served in levels in NA from LAS males and females. Levels in 
the hypothalamus (HYP) and caudate putamen (CP) were 
about 40 to 50% higher in both HAS and LAS females than 
in males. These data are of interest in that female rats of the 
high alcohol sensitive, HAS, line are less sensitive than males 
to the hypnotic effects of ethanol. The results suggest that 
while NT-ir levels, per se, may not account for selectively bred 
differences in hypnotic sensitivity in rats, differences between 
males and females may be, in part, due to differences in NT-ir 
levels in specific brain regions. 

Our previous studies showed that LS and SS mice differed 
in NT-ir levels in hypothalamus, but not in whole midbrain or 
striatum (caudate putamen plus nucleus accumbens). Those 
studies showed that high ethanol-sensitive, LS, had higher 
hypothalamic NT-ir levels than SS mice; whereas, in the pres- 
ent study, high alcohol-sensitive, HAS rats, have levels similar 
to the LAS rats. Comparisons of NT-ir levels in male and 
female mice from the LS and SS lines have not been made. 
The apparent discrepancy in hypothalamic NT-ir levels in LS 
vs. SS compared with HAS vs. LAS may reflect a species 
difference or might be accounted for in that differences 
in hypothalamic NT-ir levels may not be related to hypnotic 

sensitivity and may differ fortuitously in the selected mouse 
lines. 

Previous studies with LS and SS mice have shown that 
ethanol administration produced a biphasic dose-response ef- 
fect on NT-ir levels in hypothalamus, midbrain, and nucleus 
accumbens (12). Subhypnotic doses produced a decrease and 
hypnotic doses produced an increase in NT-ir levels. It is of 
interest that those observations are similar to the findings in 
the present studies in some brain regions, particularly the nu- 
cleus accumbens, from female HAS and LAS rats. We pro- 
posed that decreases in NT-ir levels, within 30 min after sub- 
hypnotic doses of ethanol, may result from enhanced NT 
release followed by rapid degradation by endopeptidases 
(4,12,15). Rapid increases in NT-ir levels following hypnotic 
doses of ethanol may be caused by inhibition of release with 
continued synthesis and/or by inhibition of degradation. 
These possibilities are consistent with the known biphasic ef- 
fects of ethanol administration on dopaminergic processes. It 
has been shown that low doses of ethanol increases dopamine 
overflow in mesolimbic dopaminergic neurons as measured 
by increased dopamine release and turnover in rat nucleus 
accumbens (26). Inhibition of dopamine release has been re- 
ported for high doses of ethanol (24). Because dopamine and 
NT are colocalized in terminals of dopaminergic neurons in 
the frontal cortex and nucleus accumbens and are coreleased 
in the medial prefrontal cortex following medial forebrain 
bundle stimulation (l), comparable effects of ethanol on 
NT-ir levels and dopamine might be expected. 

It has been well documented using LS x SS recombinant 

TABLE 5 

LOW-AFFINITY NEUROTENSIN RECEPTOR CHARACTERISTICS IN HAS AND LAS RAT BRAINS 

NT, Binding Parameters 

Rat Line Brain Region 

HAS FC 1.72 f 0.18 213.7 f 15.7 3.3 l 0.9 210.8 zt 18.1 
HAS STR 2.16 f 0.18 264.3 f 24.7 3.0 f 1.2 259.6 f 16.6 

HAS VMB 2.14 + 0.30 247.2 f 23.3 1.3 i 0.2 271.2 + 17.0 
LAS FC 2.40 f 0.17 217.0 f 10.9 2.9 + 0.67 176.0 f 13.8 
LAS STR 2.90 f 0.35 301.6 f 43.4 1.7 f 0.42 297.2 f 19.1 

LAS VMB 2.24 + 0.22 272.0 f 33.6 1.6 + 0.30 341.1 + 22.4 

All values are means obtained from the same experiment as described in Table 2. ANOVA showed 
no significant line or sex differences in any of the brain regions. 
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(RI) strains of mice that differences in hypnotic sensitivity 
and in locomotor effects at subhypnotic doses of ethanol are 
mediated by multiple genes with additive effects; estimates 
indicate a minimum of seven and four genetic loci, respec- 
tively (6,13). Thus, it is unlikely that in mouse or rat all of the 
genetic variance in ethanol sensitivity can be accounted for by 
one mechanism. In the LS x SS RI strains, genetic variability 
in NT-ir levels and NT receptor densities has been observed 
with evidence indicating polygenic influences on those levels 
(16). Significant genetic correlations between NT receptor 
densities (11) or NT-ir levels (unpublished data) and ethanol 
sensitivity have been shown. For example, NT, densities in 
striatal regions were significantly and positively correlated 
with hypnotic sensitivity; that is, the higher the receptor den- 
sity the greater the sensitivity to ethanol. The present results, 
showing higher NT, density in striatum from HAS than from 
LAS males, are consistent with the genetic correlations in LS 
x SS RI strains. It is of interest that NT, densities in HAS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

males were higher than in females. These results show a recip- 
rocal relationship between NT-ir levels and NT, receptor den- 
sities in the mesolimbic brain regions. 

Results of the present study showing clear gender differ- 
ences in NTergic processes indicate that differences in NT-ir 
levels and/or receptors may influence sex differences in etha- 
nol sensitivity. Studies show that genetic differences in NTer- 
gic processes in specific brain regions may mediate, in part, 
differences in ethanol sensitivity in mice (11,12,14); however, 
this result was not confirmed in the HAS and LAS rats. The 
discrepancy between results with mice and rats might be ex- 
plained by the absence of any significant genetic variation in 
NT receptor or NT-ir levels within the foundation stock from 
which the HAS and LAS were selected (7). 
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