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Chapterr  3 

Relationn between coping strategy and susceptibility to 
stress-inducedd changes of intestinal macromolecular 

permeabilityy in mice 
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Abstract t 

BackgroundBackground and aim: Stress influences gastrointestinal function and probably plays a role in 
thee development of gastrointestinal diseases, for instance by affecting the integrity of the 
epitheliall  barrier. However, several studies have shown that the susceptibility to stress-
inducedd gastrointestinal dysfunction differs considerably between individuals. We 
investigatedd whether these differences in individual susceptibility are related to differences in 
copingg strategy, as reflected in behavior. Method: Female mice, offspring of the highly 
aggressivee and proactive SAL and the non-aggressive and reactive LAL lines of the Mus 
musculusmusculus domesticus strain were used. The mice were behaviorally tested in the Shock 
Prod/Defensivee Burying test and subjected to two-hour restraint stress afterwards. Plasma 
corticosteronee levels and the in vitro (mucosal-to-serosal) permeability of the small intestine 
too the model macromolecule horseradish peroxidase (HRP, 40kD) were measured. Results: 
Clearr differences were found in the behavioral profiles of the female offspring of SAL and 
LALL mice. Female SAL mice were not susceptible to stress-induced changes of intestinal 
permeability.. Permeability was also not increased in female LAL mice showing fear and panic 
inn the defensive burying test, as reflected in high amounts of rearing and immobility, and littl e 
buryingg behavior. Contrarily, permeability to HRP was increased in LAL mice with a more 
cautiouss and explorative behavioral profile, and with a relatively strong burying response. The 
effectt of stress on intestinal permeability was not correlated with the concentration of 
corticosterone.. Conclusion: Although some LAL mice were more susceptible to stress-
inducedd increase of intestinal permeability than SAL mice, differences in coping style in the 
classicall  sense of the word are not correlated with individual differences in the effect of stress 
onn intestinal permeability, but predictions might be possible based on a behavioral profile. 
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Introductio n n 

Physicall  and emotional stress largely influence health and welfare and its effects are often 
manifestedd in the gastrointestinal tract. Stress is thought to play a role in the development of 
gastrointestinall  diseases, such as Irritable Bowel Syndrome and Inflammatory Bowel Disease, 
andd often precedes relapses or the worsening of symptoms of diseases 719-25. 

Severall  studies have shown that stress alters intestinal functioning: it increases intestinal 
motilityy 5J5-29, decreases gastric emptying 5 l5 and causes ulceration 8'32. Stress affects 
secretionn processes and the barrier function of the intestinal epithelium '-9-2I>23'28'34_ The 
epitheliall  barrier normally prevents the entrance of immuno-reactive or toxic molecules from 
thee luminal content into the body, but may become more permeable after stress. 

Enhancedd intestinal permeability may have severe consequences. The entrance of bacterial 
productss and potential antigens into the lamina propria through a less effective barrier may 
triggerr immunocytes to react. This may cause the appearance of (food)allergies or 
inflammationss ' ' ' ' ' . Evidence for stress-induced increased epithelial permeability is, 
amongg others, obtained from studies in male Wistar-Kyoto rats, subjected to cold-restraint 
stresss for a few hours 22'23. The permeability to a model macromolecule, the 40 kD protein 
horseradishh peroxidase (HRP), was significantly higher in the stressed rats as compared to 
controll  animals. Recently, such a permeability enhancement was also found in female Balb/C 
micee after exposure to different types of stressors, i.e. restraint and individual housing 
(isolation)) (see chapter 2). Although the mechanism underlying the stress-induced changes in 
gastrointestinall  function is not well understood, the parasympathetic branch of the autonomic 
nervouss system, and more in particular the vagus nerve and muscarinic receptors, are thought 
too be involved. This was shown by lesion of the vagus nerve or blockade of (peripheral) 
cholinergicc neurotransmission by the muscarinic receptor antagonist atropine 3AU-23. 

Thee results of our studies with Balb/C mice showed that considerable differences exist 
betweenn individual animals with regard to the effects of stress on intestinal permeability. The 
intestinall  epithelium of some individuals became more permeable to macromolecules, 
whereass in others no change was observed after exposure to exactly the same stressor 
(restraint).. We addressed the question whether this different responsiveness could be related 
too individual differences in coping strategy. 

Briefly,, coping strategy can be defined as a coherent set of behavioral and physiological 
stresss responses which is consistent over time. It is characteristic to a certain group of 
individualss 13. Two extreme strategies are distinguished, the proactive and reactive one. The 
proactivee coping strategy is characterized by a strong sympathetic activation, but a low 
hypothalamic-pituitary-adrenocorticall  (HPA) response. Behaviorally, this is reflected in the 
so-calledd 'fight or flight' reaction. On the contrary, the reactive strategy is characterized by a 
strongg reactivity of the HPA-axis and a strong (cardiac) parasympathetic response. 
Behaviorally,, this strategy is typified by conservation and withdrawal  l31418-26. 

Inn view of the mediating role of the parasympathetic nervous system in stress-induced 
effectss on intestinal functioning, it is reasonable to expect major effects of stress in the 
reactive-copingg animals. The goal of the present experiments was to test this prediction by 
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subjectingg mice with different coping strategies to restraint stress. We used female offspring 
fromm two selection lines of the Mus musculus domesticus, the so-called SAL and LAL mice 
(seee methods) with proactive and reactive coping styles respectively. The females served as 
modelss for individuals with different coping styles and were characterized behaviorally in the 
Shockk Prod/Defensive Burying test (DB). This test has proven to discriminate between coping 
strategy-relatedd behavioral differences in rodents, including male LAL and SAL mice 6-'s>27. 

Method d 

Animals Animals 
Femalee mice from the strain Mus musculus domesticus, bred at the Department of Animal 
Physiologyy of the University of Groningen (NL), were used. The animals originated from a 
colonyy of wild house mice. The males in this population are tested for aggression levels in the 
resident-intruderr test. Male wild house mice are selected for attack latency scores (ALS), 
whichh resulted in an aggressive line, characterized by short attack latencies (SAL) and a non-
aggressivee line, characterized by long attack latencies (LAL) . Further studies have shown that 
bothh selection lines also differ in other behavioral and endocrinological properties. From 
behaviorall  tests it appeared that male SAL mice act in proactive and LAL mice in a reactive 

13,27 7 

manner r 
Inn our experiments we used female mice from both selection lines. Female offspring of 

LALL and SAL - hereafter referred to as 'female SAL1 and 'female LAL ' mice - cannot be 
distinguishedd based on an ALS because they don't show differences in inter-female aggression 
1111,, Females, therefore, are separated based on the ALS of their fathers. We chose females for 
thiss study, because they can be housed in large groups, as opposed to the much more 
aggressivee males, and because of our previous observation that single housing caused 
increasedd intestinal permeability in Balb/C mice (Chapter 2). In addition, females are more 
stress-susceptible.. The mice (2 to 4 months old at their arrival in Amsterdam) were housed in 
Macrolon®® cages (42*25*15 cm) with seven to nine animals per cage. The light-dark cycle 
wass reversed (lights off: 8:00h; lights on 20:00h). Food and tap water were available ad 
libitum.libitum. Mice were allowed to acclimate to the housing conditions for two weeks. 

BehavioralBehavioral testing 
Inn order to characterize their behavioral profile and evaluate possible correlates with 
measurementss of intestinal permeability, all mice were tested once in the Shock 
Probe/Defensivee Burying paradigm (DB). Each animal was placed individually in a clear 
Macrolon®® cage (26*17*14 cm) with 2 cm of fresh sawdust at the bottom. A removable 
electrifiedd (1.5 mA) shock prod (a rod with a diameter of 1 cm and a length of 7 cm) was put 
throughh the wall into the cage, approximately 1 cm above the floor bedding. After one 
minute,, the shock generator was switched on and during a five-minute period of testing, the 
behaviorall  parameters indicated in table 1 were scored. After the test, animals were returned 
too their home cage. 

46 6 



chapterchapter 3 

TableTable 1 - Behavioral parameters scored in the Shock Prod/ Defensive Burying test 

Parameterr Definition 
Latencyy to 1th Time it takes before the mouse received the first shock since the 

shockk beginning of the test. 
Shockss Number of shocks received in the total 5-minute test period. 
Buryingg behavior Pushing sawdust in the direction of the probe with the forepaws 

(numberr and time). 
Rearingg Standing in upright position on the hind legs (number) 
Immobilityy Sitting still without any explorative movements or grooming (time). 

RestraintRestraint stress procedure 

Bothh SAL and LAL mice were divided in a control group and an experimental group. The 

controlss were left undisturbed in their home cage. The others were stressed (at about 10:30 

a.m.)) by putting them in a restraint device (length 7.5 cm, diameter 2.5 cm) for two hours at 

aboutt 20°C in a separate room. Restraint stress, a very common stress model, was chosen 

becausee it induces a strong activation of the parasympathetic nervous system during and 

shortlyy after restraint stress 4'8'26. 

CorticosteroneCorticosterone analysis 

Immediatelyy after the restraint period, and for the controls at the corresponding time, the 

animalss were killed by cervical dislocation. A blood sample was taken immediately by cardiac 

puncturee to analyze plasma corticosterone concentrations. The plasma was stored at -20°C 

untill  analysis. Blood plasma concentrations of corticosterone were analyzed using a radio-

immunoo assay (ICN Biomedicals). 

TissueTissue preparation and Ussing chamber studies 

Thee abdominal cavity was opened and the small intestine was taken out, rinsed with a 

carboxygenatedd Ringer's solution containing (in mM) 117.5 NaCl, 5.7 KC1, 2.5 CaCb, 25.0 

NaHCCh,, 1.2 NaH2P04, 1.2 MgS04 and 5 inosine. The jejunum was cut along the mesenteric 

borderr and excised segments were mounted in Ussing-type chambers. Peyer's patches were 

avoided.. The Ussing chambers were filled with Ringer's solution kept at 37°C and gassed 

withh 95%02/5% CO2. Both the serosal and mucosal compartments contained 1.7 ml of the 

buffer.. The exposed area of the tissues was 0.2 cm2. Permeability for macromolecules was 

determinedd using horseradish peroxidase (HRP, MW 40kD, Type VI-A , Sigma) as a model 

molecule.. The mucosal buffer contained a final concentration of 10"5M HRP. Samples (200 

ul)) were taken from the serosal solution at 30, 60, 120 and 180 minutes and replaced by (200 

ul)) buffer to keep the volume constant. A colorimetric enzymatic assay was used to measure 

intactt HRP quantitatively. Briefly, the reaction mixture was a 100 mM phosphate buffer, 

containingg 0.3% H2O2 and 0.009% o-dianisidine dihydrochloric acid (Sigma). The rate of 
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appearancee of the reaction product, measured as the increase of the extinction per minute 
(wavelengthh 436 nm) was compared with the rate generated by known concentrations of HRP 
andd the transepithelial flux of undegraded HRP was expressed in pmole.hr"1.cm"2. 

Thee Animal Care Committee of the Amsterdam University approved the experiments. 

Statistics Statistics 
Behaviorall  scores in the DB test, macromolecular permeability and plasma corticosterone 
concentrationss were expressed as means  SEM. Comparison of DB scores of SAL and LAL 
groupss was tested with a two-tailed Mann-Whitney U test. Mean permeability to HRP and 
meann corticosterone levels of control and stressed animals, were performed using an unpaired 
two-tailedd Student's Mest with a Welch's correction when variances were significantly 
different.. Differences in effect of stress on intestinal permeability between control and 
restrainedd groups were tested one-tailed (an increased stress-induced permeability was 
expectedd based on previous experiments). Correlations between behavioral data and HRP 
fluxess were calculated using a two-tailed Spearman rank correlation test. Differences were 
consideredd significant when p < 0.05. 

Results s 

ShockShock Probe/Defensive Burying test 
Resultss of the DB test are presented in table 2. Although both LAL and SAL mice received, as 
aa mean, an equal number of shocks, LAL mice touched the probe for the first time 
significantlyy later than SAL mice. All SAL mice received shocks, whereas 15 LAL mice did 
nott receive any shock in the total 5-minute test period. These 15 mice were excluded from the 
test,, because their behavioral profile was not comparable with the behavior of the other mice, 
whichh were shocked. Burying behavior of the remaining LAL mice did not differ from the 
SALL mice. Rearing was more often observed in SAL than in LAL mice. LAL mice were more 
immobile,, although this did not reach statistical significance. 

WithinWithin group correlations - In the 27 LAL mice a correlation was found between the latency 
too the first shock and the total number of rearings (r= -0.5, p<0.02). The number of shocks 
positivelyy correlated with the rearings (r= 0.6, p<0.01). Burying behavior was inversely 
correlatedd with immobility: (frequency of burying r= -0.5, pO.01; % time burying r= -0.6, 
p<0.01).. In SAL mice, a strong negative correlation was found between the latency to the first 
shockk and burying behavior (r = -0.7, p<0.0001 for both frequency of burying behavior and % 
timee burying). As opposed to LAL, no correlations were found between latency to the first 
shockk and rearing, the number of shocks and rearing, nor between burying behavior and 
immobility.. In both groups burying behavior and number of shocks were not related. 
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TableTable 2 - Defensive burying test results of all LAL and SAL mice 

Behaviorall  parameter SAL(N=17) LAL (N=42*) LAL (N=27) 

Latencyy to 1 shock 
(s) ) 
Shockss (number) 
Buryingg behavior (#) 
%% Time burying 
Rearingg (#) 
%% Time immobile (s) 

1 1 

1 1 
3  1 

2.55 7 
344 5 

9.55 1 

1788  18 1111  17 

1 1 
1 1 

1 1 
199 3 

23.88 0 

0.03/0.28 8 

0.01 1 
0.06 6 
0.21 1 
0.03 3 
0.3 3 

**  The latency to the 1 shock of 15 out of 42 LAL mice who did not receive a shock was set at 
300300 seconds, the total observation time. These 15 mice are excluded from the parameters 
buryingburying behavior, % time burying, rearing and % time immobile. Differences were tested with 
thethe Mann-Whitney Utest (two-tailed). #: number 

PlasmaPlasma corticosterone 
Thee free plasma corticosterone concentration was not different between control LAL and SAL 
mice,, whereas this hormone concentration was significantly increased in restraint-stressed 
LA LL mice compared to control LAL mice 7 ng.ml"1 and 9 ng.ml"1 respectively, 
p<0.05,, figure 1). In stressed SAL mice no significant increase was shown 9 ng.ml"1 

inn stressed versus 0 ng.mf1 in control SAL mice). The plasma corticosterone 
concentrationn was significantly higher in restrained LAL mice compared to restrained SAL 
micee (p<0.05). 

1000 0 
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oi,, 500 
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250--

0--

ii  1 r 
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plasmaa corticosterone 

CZ!!  LAL control (12) 
1 ^^ LAL restraint (13) 
^3^3 SAL control (7) 
^ ^^ SAL restraint (4) 

FigureFigure 1 - Free plasma corticosterone concentrations  in control and stressed 
LALLAL and SAL mice. Restraint stress caused a strong increase in the corticosterone 
concentrationconcentration in LAL mice, whereas in SAL mice no response was observed. * with respect to 
thethe control, p<0.05. # with respect to SAL restraint, p<0.05. (Cardiacpuncture was only 
successfulsuccessful in 25 LAL mice and 11 SAL mice). The number of subjects is indicated in the legend. 
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IntestinalIntestinal permeability to HRP 

Afterr restraint stress the mean permeability of the small intestine to HRP was neither 

increasedd in the LAL nor in the SAL mice as compared to the unstressed control groups 

(figure(figure 2). The permeability in the stressed LAL mice was 0 pmole.hr"1.cm"2 and 0 

inn the controls. The stressed SAL mice had a mean value of 0 pmole.hr" .cm" and the 

permeabilityy in controls was 3 pmole.hr"1.cm"2. No correlation was found between the 

permeabilityy to HRP and the plasma corticosterone concentration (not shown). 

CZII  LAL control (12) 
 LAL restraint (15) 

^3^3 SAL control (8) 
^ ^^ SAL restraint (9) 

FigureFigure 2 - In vitro HRP fluxes (mean  SEM) in jejunum of control and stressed LAL and SAL 
mice.mice. Stress did not increase the mean permeability in both lines. The number of subjects is 
indicatedindicated in the legend. 

Conclusionss and Discussion 

CopingCoping style infernale offspring of SAL and LAL mice 

BehaviorBehavior - As mentioned before, female SAL and LAL mice are not characterized as being 

LA LL or SAL based on an attack latency score, but based on the identity of their fathers. For 

thiss reason, the females of both selection lines were characterized behaviorally in the DB test. 

Inn the DB test, burying behavior and immobility usually are the two major and inversely 

relatedd parameters that distinguish between proactive and reactive coping. Accordingly, in the 

presentt experiment, at least in LAL mice, burying behavior and immobility were negatively 

correlated.. The mean scores for burying behavior were almost significantly different between 

thee female SAL and LAL mice, although only littl e burying behavior was displayed in both 

groups.. This is in line with the findings of Sluyter et al.27 who reported that SAL and LAL 

femaless show less burying behavior than their male counterparts. However, the different 

behaviorall  parameters measured in the DB test and, importantly, their interrelationships, were 

sufficientt to outline the distinct behavioral profiles: On average, the group of SAL mice was 

moree active than the group of LAL mice. On average, SAL mice touched the electrified prod 

earlierr than LAL mice, reared more and showed less immobility. We conclude that the 

1 3 " " 
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behaviorall  profile of female offspring of LAL and SAL mice is clearly different and shows a 
profile,, which is comparable with male LAL and SAL mice. 
NeuroendocrineNeuroendocrine stress-response - The SAL and LAL females also fit  into the current criteria 
off  proactive and reactive coping strategies with respect to the reactivity of the HPA-axis 
duringg restraint stress. Restraint stress caused a two-fold stronger increase of plasma 
corticosteronee levels in LAL than in SAL. 

PermeabilityPermeability infernale SAL and LAL offspring 
Fromm the different behavioral patterns and the difference in corticosterone response upon 
restraintt stress, we conclude that the female offspring of LAL mice fit in the profile for a 
reactivee coping style and that female offspring of SAL mice fit in the profile of a proactive 
copingg style. 

Despitee the difference in coping style, it appeared that the effect of restraint stress on the 
macromolecularr intestinal permeability was not different in the total group of SAL and LAL 
mice.. We hypothesized that LAL mice would be more susceptible than SAL mice, because 
LALL mice are considered reactive copers. We supposed that the LAL mice would have a 
parasympatheticc predominance in the stress response, as opposed to their proactive SAL 
counterparts.. But this has never been tested. 

However,, by taking a closer look at the individual data of the mice, it becomes apparent that a 
partt of the LAL mice was susceptible to stress-induced increase of intestinal permeability. 
Postt hoc analysis of the data provides a tool to discriminate between susceptible and 
unsusceptiblee mice. This analysis is done in the following sections. 

Resultss of the analysis of the within-group variation 
CorrelationCorrelation of permeability with DB test parameters -Whereas in the SAL mice none of the 
individuall  behavioral parameters measured before restraint exposure was correlated with 
intestinall  permeability after restraint stress, in LAL mice a trend toward a negative correlation 
betweenn rearing in the Defensive Burying test and HRP fluxes after restraint was found, r -
0.55 (p=0.06) (figure 3). This means that, in female LAL mice, rearing might be a parameter to 
predictt the effect of stress on intestinal permeability. Rearing behavior was an interesting 
parameterr in more respects, since it was correlated to several other DB test parameters in these 
animalss (see table 3). 
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FigureFigure 3- Relation between permeability to HRP after restraint stress and the amount of 
rearingrearing previously shown in the DB test, in LAL mice. (Spearman r = - 0.05, p<0.06, two-
tailed). tailed). 

TableTable 3 - Correlation between rearing behavior of the 15 restrained LAL mice in Defensive 
BuryingBurying test with test parameters, HRP flux and plasma corticosterone concentration 

Parameter r 

Latencyy to 1th shock (s) 
Shockss (number) 
Buryingg behavior (number) 
%% Time burying 
%% Time immobile (s) 
HRPP flux after stress (pmole.hr1.cm"2) 
Corticosteronee after stress (ng.ml1) 

Rearingg (number) 
Spearmann r 

-0.5 5 
0.5 5 

-0.4 4 
-0.6 6 
0.1 1 

-0.5 5 
0.5 5 

P P 

0.05 5 
<0.05 5 
0.13 3 
0.02 2 
0.63 3 
0.06 6 
0.08 8 

Significantt correlations were found between the amount of rearing and the number of shocks 

receivedd and the percentage time in which burying behavior was displayed. An almost 

significantt correlation was found with the latency to the first shock, i.e. the time it took for 

animalss to touch the probe for the first time. 

However,, the relation between rearing behavior in the DB test and the HRP flux after stress 

wass not strong enough to only use 'rearing' as a predictor for the effect of stress on intestinal 

permeability.. Therefore, we tried to get a clearer behavioral profile and a better division of 

stress-susceptiblee and stress-unsusceptible LAL mice with respect to macromolecular 

intestinall  permeability, by using this DB parameter as a discriminator to make two sub-

populationss of the restrained LAL group. The mean number of rearings in the stressed LAL 

groupp was 24. Individuals that showed more than 24 times of rearing were pooled in one sub-
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population,, called LALl-R(estraint) (the mean number of rearing was 36  5, n=8). Similarly, 

individualss that had reared less than 24 times in the DB test, (11 , n=7) were pooled in the 

otherr sub-population, called LAL2-R(estraint). For these populations, means were calculated 

forr the different DB parameters, HRP flux and free plasma corticosterone levels. 

BehavioralBehavioral profile - This division resulted in clearer differences between the behavioral 

profiless of both groups. This is plotted in figure 4. 

250 0 

aa 150-
a a 

150--

500 JjS | 

20H H 
15 5 
10 0 
5' ' 
0 0 LL J *i II li 

v* * 

1 1 

ss  / s

^ L A L 1 - R ( N = 8 ) ) 

 LAL2- R (N=7) 

FigureFigure 4 - Different behavioral profiles ofLALl-R and LAL2-R mice. The division of the 
stressedstressed LAL mice is based on rearing behavior in the DB test. LALI-R: restrained mice that 
showedshowed more than the average amount of rearing (>24) in the DB test. LAL2-R: restrained 
micemice that showed less than the average amount (<24) of rearing in the DB test. * p<0.05, ** 
p<0.01p<0.01 and ***p<0.001:  LALI-R with respect to LAL2-R. The number of subjects is indicated 
inin the legend. 

Thee latency time before touching the probe for the first time was significantly longer in LAL2-

RR 2 s) compared to LALI- R , p<0.05. The division based on rearing behavior 

led,, of course, to a significant difference in number of rearings between LAL2-R and LALI-R , 

pO.001.. The smaller number of received shocks in LAL2-R (2+1) did not reach significance 

inn comparison to LALI- R ) (p=0.07). The number of burying activities was significantly 

higherr in LAL2-R ) compared to LALI- R , (p<0.02), while the percentage time 

spentt on burying was not significantly different between both groups (LALI-R : % and 

LAL2- RR . Only littl e burying behavior was observed in both groups. It was remarkable 

thatt LAL2-R mice, although they received the fewest number of shocks, spent more time 

buryingg than LALI-R . LALI- R tended to be immobile during a greater fraction of the 

observationn time ) than LAL2-R (8+6%). 
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IntestinalIntestinal permeability (figure 5) - The permeability to HRP was significantly different 

betweenn LAL1-R 6 pmole.hr"1.cm"2) and LAL2-R , pO.01. Restraint stress 

didd not increase the permeability in LAL1-R as compared to their control counterparts (LAL -

C,, 5.9+1.0). In LAL2-R, however, there was a statistically significant increased permeability 

(p<0.05).. It must be noted here that dividing SAL-R in two groups based on rearing behavior 

(thee mean amount of rearing was 28 in these animals) did not reveal any significant 

differencess in HRP flux between the sub-groups (>28 rearings: HRP flux 7 pmole.hr" 

'.cm"2;; <28 rearings: mean HRP flux was 0 pmole.hr" .cm" ). 

PlasmaPlasma corticosterone - Figure 6 shows that considerable differences existed between plasma 

corticosteronee concentrations in LAL1-R and LAL2-R. In LAL1-R, restraint stress increased 

thee plasma corticosterone concentration significantly compared to the control LAL mice 

66 vs. 9 ng.ml'1), p<0.02. The concentration in LAL2-R was not significantly 

differentt from the control value (576+94). Stress-induced plasma corticosterone concentration 

wass lower in LAL2-R than in LAL1-R (p=0.06). These results show the strong HPA-axis 

responsivenesss in LAL1-R, which was much smaller in LAL2-R. 

dDLAL-C(N=12) ) 
^LAL1-R(N=8) ) 
^3^3 LAL2-R (N=7) 

FigureFigure 5 - In vitro HRP flux (mean  in jejunum ofLALl-R and LAL2-R mice. * p<0.05, 
LAL-2RLAL-2R with respect to LAL-C (one-tailed Student's t). **p<0.01, LAL2-R compared to LAL1-
RR (two-tailed Student's t). The number of subjects is indicated in the legend. 

HRPHRP flux and plasma corticosterone in the unshocked LAL mice 

Ass noted before, 15 out of 42 LAL mice did not receive any shock during the DB test (see also 

tablee 2). They were excluded from the test because their behavioral profile was inconclusive. 

Afterr subjecting these animals to restraint stress, the mean HRP flux was not increased (5.4 

+1.00 pmole.hr"1.cm"2), which was comparable with the results in 

LAL1- RR and significantly different from LAL2-R (p<0.05). The mean plasma corticosterone 

concentrationn was 9 ng.ml ', which was also fully comparable with LAL1-R. This 

increasee with respect to control LAL mice was significant (pO.01). Concerning the 

physiologicall  parameters, these animals resembled LAL1-R. (Data not shown.) 

10--

o o 

HRPP flux 
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IZZ1LAL-CC (N=7) 
• • L A II 1-R(N 7) 
^3^3 LAL2-R (N=6) 

FigureFigure 6 - Free plasma corticosterone concentrations  in LAL1-R and LAL2-R. 
**  p<0.05, LAL1-R compared to LAL-C. The number of subjects is indicated in the legend. 

Discussionn (continued) 

Althoughh restraint stress induced no different effects in the intestinal permeability in the total 

SALL and total LAL group, this post hoc analysis makes clear that a subset of the female LAL 

group,, called LAL2-R, had stress-induced increased permeability. 

Inn LAL mice, the best predicting DB parameter for the effect of stress-induced intestinal 

permeabilityy enhancement was rearing behavior. Rearing behavior is associated with arousal 

and/orr anxiety and reflects a strong sympathetic activation24. Based on this parameter, we 

couldd make a distinction between LAL-mice that were susceptible or unsusceptible to stress-

inducedd increase of intestinal macromolecular permeability. It also resulted in a different 

behaviorall profile as well as HPA-axis reactivity in LAL1-R and LAL2-R. Based on the 

behaviorall differences as suggested by the scores for rearing behavior, latency to the first 

shock,, number of received shocks, burying behavior, immobility and HPA-axis reactivity, we 

speculatee that the LAL1-R mice could have been more sympathetically activated and were 

moree anxious and/or panicky than LAL2-R mice. This is confirmed by the fact that, in the 

totall LAL group, rearing was positively correlated with the number of shocks and negatively 

withh the latency to the first shock, suggesting that the amount of rearing and the frequency of 

contactss with the probe might have been mutually related: frequent rearing (as a reflection of 

anxietyy and panic) might have led to frequent contacts with the probe. Subsequent shocking, 

inn turn, led to more rearing and consequently more shocks. Corticotropin-releasing factor may 

bee in a central position to modulate attentional and arousal mechanisms by interacting with 

cholinergic,, dopaminergic and noradrenergic neurons at the level of forebrain and brainstem 

nucleii as well as the locus coeruleus and might have differentially modulated the activity in 

bothh groups. The behavioral pattern of LAL2-R was considerably different from LAL1-R (and 

alsoo from SAL-R). It was characterized by more cautiousness, a somewhat exaggerated 

plasmaa corticosterone 
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buryingg response and relatively few rearing. In LAL2-R, sympathetic activation may have 
beenn less pronounced or was counteracted by parasympathetic activation. 

Whereass stress-induced intestinal permeability enhancement was not observed in SAL and 
LAL1-R,, in LAL2-R mice an increase was found. The observed correlates between behavioral 
parameterss and intestinal permeability may be reasonable starting points to find out what 
renderss an animal more or less susceptible to the effect of stress on intestinal permeability. 
Interestingly,, Stam et al. put forward the same suggestion based on colonic spike burst 
frequencyy responses to novel challenges in Wistar rats selected for diverging locomotor 
activityy in the open field test 30. Wistar rats, characterized by small locomotor activity and 
equippedd with electrodes to measure proximal colonic spike burst frequency, reacted to the 
introductionn of a novel box in the open field with a greater increase in colonic spike burst 
activityy than rats selected for high locomotor activity. It is tempting to speculate that mice 
showingg a behavioral pattern like the LAL2 group in the present experiment, may be at higher 
riskk to develop gastrointestinal disturbances, allergies and inflammations than mice showing 
behaviorall profiles like SAL or LAL1. 

Thee observed behavioral divergence within the LAL group is comparable with the 
divergencee in male LAL littermates, as reported previously by Sluyter et al. : In every LAL 
generationn some males have relatively short attack latencies. These 'attacking' LAL mice 
showw more defensive burying in the DB test than 'non-attacking' LAL mice. In our 
experiment,, LAL2 females buried the shock probe more than LAL1 females. 

IntestinalIntestinal permeability and corticosterone 
AA causal relation between HPA-axis activation and the effect of restraint stress on intestinal 
permeabilityy is not plausible, since no correlation between plasma corticosterone 
concentrationss and HRP flux was found. This is in line with the observations of Santos et al. 
whoo showed that stress-induced increase of the colonic permeability to HRP was still present 
afterr complete blockade of adrenal steroid synthesis by aminogluthetimide. Others also 
concludee that HPA-axis activation is not involved in stress-related gastrointestinal changes, as 
indicatedd for instance by the fact that neither hypophysectomy nor adrenalectomy abolishes 
stress-inducedd motor responses 15'29'33. Contrarily, Meddings et al. reported a causal relation 
betweenn adrenal steroid release and increased stress-induced intestinal permeability in male 
Wistarr to small sugars (i.e. sucrose, sucralose (artificial undegradable sucrose) lactulose, 
mannitol)) and FITC-labeled dextrane (MW 10 kD) as probes 17. Rather than in the two-hour 
stress-periodd used in our experiments, high endogenous corticosterone levels may affect 
mucosall integrity on a longer term and in an indirect way. For instance by decreasing the 
intestinall secretory immunoglobuline A levels, thereby facilitating bacterial adherence to the 
mucosa.. Some bacteria can change paracellular permeability by loosening the tight junctions 
27,28 8 

GeneralGeneral conclusions 
Fromm the present experiments we firstly conclude that the Shock prod/Defensive Burying 
paradigmm is useable to distinguish behavioral profiles of female mice with different coping 
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strategies.. Secondly, restraint stress did not induce an increase of small intestinal permeability 

inn female SAL mice and most female LAL mice, but caused a considerable increase in female 

LALL mice with a specific behavioral profile. Thus, thirdly, behavioral parameters may have 

somee predictive value with respect to individual susceptibility to stress-induced increased 

intestinall permeability. Fourthly, intestinal permeability to HRP was not related to free plasma 

corticosteronee levels. 
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