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WARBRITTON, J. D., III, M. A. GEYER, B. JEPPSSON AND J. E. FISCHER. Decreased startle reactivity in the 
end-to-side portacaval shunted rat. PHARMAC. BIOCHEM. BEHAV. 12(5) 739-742, 1980.--A rat with an end-to-side 
portacaval anastomosis (PCA) is an extensively used experimental animal for characterization of biochemical alterations 
following diversion of portal blood flow from the liver; but few behavioral abnormalities have been detected. Biochemical 
changes observed in rats after PCA include increased plasma and brain levels of the serotonin precursor tryptophan, with 
increased brain serotonin and its metabolite 5-hydroxyindoleacetic acid. Accumulating evidence indicates that serotonin 
may be involved in the modulation of the startle response in the rat. In this study, the magnitude of startle responses to both 
tactile and auditory stimuli were shown to be abnormally decreased in chronic PCA rats. The simplicity of this animal 
model and the reproducibility of the effect suggest that evaluation of startle responses in rats with PCA may enable 
assessments of the efficacy of putative therapeutic strategies for the treatment of some of the dysfunctions associated with 
hepatic encephalopathy. 
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IN man, cirrhosis of the liver is frequently accompanied by 
symptoms of neurological dysfunction, including affective 
changes, dementia, disorientation, somnolence and lethargy. 
This syndrome, hepatic encephalopathy, may progress to 
stupor, coma, and ultimately death. The rat with a surgically 
created portacaval anastomosis has been used extensively as 
an animal model of chronic liver insufficiency [8]. 

The neurochemical changes observed in rats following 
portacaval anastomosis (PCA) tend to parallel changes seen 
in humans with cirrhosis of the liver. Both exhibit gross 
hyperammonemia [4,20] and altered plasma amino acid 
profiles, with increased levels of aromatic amino acids (tryp- 
tophan, tyrosine and phenylalanine) and decreased concen- 
trations of branched-chain neutral amino acids (leucine, 
isoleucine and valine) [7, 15, 22, 25]. 

Potential relationships between biochemical alterations 
and behavioral disturbances observed in patients with 
chronic liver disease are difficult to evaluate in clinical 
studies. However,  the rat with PCA is amenable to detailed 
behavioral study. Indeed, a variety of behavioral alterations 

have been reported, including disrupted sleep patterns and 
circadian rhythms, decreased responses to electric shock 
and decreased locomotor activity [1, 2, 3, 21, 26, 29]. 

It has been suggested that some of the behavioral changes 
observed in rats with PCA may reflect, in part,  increased 
brain levels of serotonin (5-HT) [1,26]. The rat startle re- 
sponse to novel stimuli seems to be a sensitive behavioral 
index of alterations in central serotonergic neurotransmis- 
sion, as increased brain 5-HT is associated with decreased 
responsivity [10] and manipulations which decrease 5-HT 
levels or cause a functional antagonism of brain 5-HT tend to 
increase startle responses [6]. In the present study, the ef- 
fects of PCA on the rat startle response to both tactile and 
auditory stimuli have been tested. 

METHOD 

Animals 

The animals were 34 experimentally naive male 
Sprague-Dawley rats (250-300 g) from Charles River Breed- 
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ing Laboratories. They were randomly divided into 2 groups 
for either sham or PCA operations (see below). One week 
after surgery in Cincinnati, OH, the animals were flown to 
San Diego, CA, where they were housed 2 to a cage on a 
12/12 hr light/dark cycle for 2 weeks prior to behavioral test- 
ing. Water and Purina Rat Chow were continuously avail- 
able. 

Sit r£~6 t 3' 

The rats were anesthetized with ether and a portacaval 
anastomosis (PCA) was created by the method previously 
described [9]. Using clean, but not sterile technique, the ab- 
dominal wall was opened with a midline vertical incision; the 
portal vein was exposed, dissected and ligated. The clamped 
portal vein was then cut free and fed through a small piece of 
teflon tubing which had previously been sculpted to form a 
"bu t ton"  of the type used for vascular anastomoses. The 
vein was everted over the button and secured with a silk 
ligature; the vein-button assembly was then anastomosed to 
the partially clamped vena cava with a purse string suture. A 
sham operation consisted of the same preparation with 
clamping of the portal vein and vena cava but without 
anastomosis. 

Apparottts 

Startle response magnitudes were measured in stabilime- 
ters consisting of 4 in. diameter Plexiglas cylinders held at top 
and bottom within a rigid frame by large rubber stoppers. 
Displacements of the cylinder by the animal were detected 
by a ceramic phonograph cartridge mounted on the outer 
frame as described previously [12]. Each msec for 250 msec 
following the onset of the stimulus, the signal from the car- 
tridge was sampled by an analog-to-digital converter and 
stored on cassette tape by an Intel 8080 computer system. 
The magnitude of each response was defined as the differ- 
ence between the minimum and maximum readings during 
this 250 msec interval. 

The computer also controlled the presentations of either 
tactile or auditory stimuli. The tactile stimuli consisted of 50 
msec puffs of air at a nominal pressure of 37.5 lbs/in 2 deliv- 
ered simultaneously to two chambers through a solenoid 
with an 1/8 in. orifice. The tubes were positioned so that the 
air-puffs typically hit the middle of the animal's back [12]. 
The auditory stimuli consisted of 50 msec tones (1000 Hz 
tone at 115 dBA) with 0.5 msec rise-time against a continous 
background noise level of 70 dBA. Sound levels were meas- 
ured with a Quest Sound Level Meter. 

Behavioral Procedure 

All 34 animals were first tested with tactile stimuli 28 days 
after surgery. Five minutes after placement in the stabilime- 
ter, 81 air-puffs were presented at 15 sec intervals. One week 
later 30 animals were tested similarly for 49 trials with 
acoustic stimuli. 

Data Analysis 

The data were condensed into blocks of 10 (tactile) or 6 
(acoustic) trials each, with the initial response being consid- 
ered separately. Habituation was assessed by a repeated 
measures analysis of variance (ANOVA) over trial blocks 
and by the difference between the first and last trial blocks. 
A measure of sensitization was defined as the difference be- 

tween the first trial and the first trial block [11]. Overall 
reactivity was assessed by a one-way ANOVA on the grand 
mean across all trial blocks for each subject. Pearson's 
statistic was used for correlational analyses [30]. 

RESULTS 

The results of the tactile startle test are shown in Fig. 1 as 
the first response and the mean of each block of 10 trials. A 
mixed-design ANOVA revealed significant effects of the 
treatment, F(1,32)=6.03, p<0.05, and of trial blocks, 
F(7,224)= 12.62, p<0.001, with no significant treatment-by- 
trials interaction, F(7,224)=0.3, n.s.. Similarly, the average 
startle magnitude across all trials was significantly lower in 
the PCA-operated rats, F(1,32) =6.33, p <0.05. No significant 
differences were found on the first response, or on the sen- 
sitization and habituation scores. 

The results of the acoustic startle test are shown in Fig. 2. 
The mixed design ANOVA again demonstrated a significant 
treatment effect, F(1,28)=5.75, p<0.05, a significant trials 
effect, F(7,196)= 11.04, p<0.001, and no interaction, 
F(7,196)= 1.6, n.s. As with tactile startle, the overall means 
were significantly lower in the PCA-operated animals, 
F(1,28)=5.49, p<0.05, and no significant differences were 
found on the first response or on the sensitization and 
habituation scores. 

To assess the degree of correspondence between the 2 
behavioral tests, the overall means for each animal on both 
tests were used in a correlation analysis. Across both groups, 
tactile and auditory startle were significantly correlated 
(r=0.445, N=30, p<0.02). 

DISCUSSION 

The results demonstrate that rats with PCA exhibit ab- 
normally decreased startle responses compared to controls, 
evaluated by either tactile or auditory stimulus modalities. 
Startle responses to tactile stimuli significantly predict re- 
sponses to auditory stimuli for an individual animal. Both 
PCA and Sham-operated rats habituated comparably with 
either stimulus modality. 

Neurochemical studies in rats have demonstrated ele- 
vated brain concentrations of the aromatic amino acids, tryp- 
tophan, tyrosine, and phenylalanine, following PCA [24]. 
This elevation appears to involve an increase in the activity 
of the neutral amino acid blood-brain-barrier transport sys- 
tem, thereby increasing the availability of the neutral amino 
acids to the concentrative, active transport systems of the 
brain cells [16]. In contrast  to the biosynthesis of cate- 
cholamines,  the synthesis of indoleamines,  particularly 
the rate-limiting enzyme in serotonin biosynthesis, tryp- 
tophan hydroxylase, is normally limited by substrate avail- 
ability in vivo [19]. Hence, the higher brain tryptophan levels 
produce increases in 5-HT particularly in the medulla, pons 
and midbrain, regions rich in serotonergic cell bodies. Fur- 
thermore, 5-hydroxyindoleacetic acid (5-HIAA) is elevated 
throughout the brain, suggesting an increased 5-HT turnover 
I51. 

Clinical studies have revealed that patients with chronic 
liver disease exhibit elevated CSF levels of tryptophan, 
5-HIAA, tyrosine and homovanillic acid, the precursors and 
metabolites of 5-HT and dopamine, respectively [18, 23, 31, 
32]. A recent human post-mortem study suggests that dis- 
turbances in central 5-HT metabolism may be partly respon- 
sible for encephalopathic symptoms. Increased brain levels 
of 5-HIAA and tryptophan were found in patients who died 
in hepatic coma; but in encephalopathic patients treated with 
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FIG. 1. Mean startle response magnitudes on Trial 1 and subsequent 
blocks of ten trials each for sham- and PCA-operated rats using 
tactile stimuli. The startle magnitudes across all trials were signifi- 
cantly lower (,o<0.05) in the PCA-operated rats. N= 17 for each 
group. 
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FIG. 2. Mean startle response magnitudes on Trial 1 and subsequent 
blocks of six trials each for sham- and PCA-operated rats using 
auditory stimuli. The startle magnitudes across all trials were signifi- 
cantly lower (p<0.05) in the PCA-operated rats. N=15 for each 
group. 

parenteral  branched-chain neutral amino acids who became 
non-comatose but later died from gastrointestinal hemor- 
rhage, these changes were not apparent [17]. In tryptophan 
loading studies with normal volunteers, sedation, lethargy, 
alterations in mood and behavior, and electroencephalo- 
graphic changes have been observed as the levels of plasma 
free tryptophan increase [13,28]. Similar phenomena are 
noted in patients with hepatic encephalopathy [14]. 

The rat with PCA does not exhibit signs comparable to 
human portalsystemic encephalopathy but behavioral ab- 
normalities consistent with altered neurotransmitter metab- 
ol ism have been repor ted .  E lec t roencephalographic  
studies have revealed a decrease in the total duration of slow 
wave and REM sleep stages in rats with PCA [21]. Experi- 
ments using electrical stimulation of the brainstem reticular 
formation during slow wave sleep have found that the 
stimulus intensity necessary to provoke cortical awakening 
is significantly decreased after PCA [1]. A recent study utiliz- 
ing 24-hr automated monitoring of spontaneous motor activ- 
ity has revealed disrupted circadian rhythms in rats with 
PCA [3], consistent with the electrical findings of disturbed 
sleep patterns. Other behavioral changes observed in rats 
with PCA include decreased responses to electric shock 
[26,29], decreased ambulation in both home cage and open 
field settings [2,29] and increased frequency of social activity 
[29]. 

The findings of decreased tactile and auditory startle re- 

sponsivity presented here are consistent with the suggested 
influence of central serotonergic transmission on the rat 
startle response, as substantial evidence indicates that 
treatments which increase brain 5-HT levels, including PCA, 
reduce responses to tactile [10] and auditory [6] stimuli. 
Available evidence suggests that brain 5-HT may function as 
a modulator  of the general level of reactivity to tactile stim- 
uli, without affecting the presumably more complex process- 
es of habituation and stimulus sensitization [11]. Previ- 
ous studies with acoustic startle indicated that serotonergic 

manipula t ions  affect sensitization to the background noise 
[6], but this type of sensitization was not assessed in the 
present study. 

Rats with PCA do not exhibit gross signs of central nerv- 
ous system dysfunction and few behavioral abnormalities are 
apparent by casual observation. However,  with testing, de- 
creased responsivity to various sensory stimuli appears to be 
a consistent and reliable finding. Since alterations in startle 
responding are produced by abnormalities in neurotransmit- 
ter metabolism common to both rats with PCA and humans 
with chronic liver disease, startle measures in rats with PCA 
may provide a useful animal model of  hepatic dysfunction in 
man. The simplicity of this animal model and the reproduc- 
ibility of the effect suggest that evaluation of startle re- 
sponses in rats with PCA may enable assessments of the 
efficacy of putative therapeutic strategies for the treatment 
of some aspects of hepatic encephalopathy. 
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