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Bacterial endotoxin (E. coli Olll:B4) induces, 4 days after intraperitoneal injection, a 30% reduction of guinea pig lung beta-adre- 
noceptor number (Bmax). NO change in affinity (Kd) for the receptors occurred. Bilateral electrolytic lesions centered in the anterior 
hypothalamic nucleus prevent this reduction in Bma x and even reverse the reduction into a small increase in beta-adrenoceptor num- 
ber. 

Since it is known from the literature data that anterior hypothalamic lesions as well as beta-adrenoceptor stimulants have an inhibito- 
ry influence on the immune system, the mechanism by which these lesions inhibit the reduction of beta-adrenoceptor sites after bacte- 
rial endotoxin and influence immune functions, may be related. 

INTRODUCTION 

Szentivanyi 25 postulated a blockade of  the beta- 

adrenoceptors underlying atopic abnormalities in 

bronchial asthma. According to this theory a beta- 

adrenoceptor blockade may be the cause of hyper- 
sensitivity of  bronchial smooth muscle to pharmaco- 

logical mediators. 
Beta-adrenoceptor  blockade may also enhance a 

number of immune functions 23. 

Several gram negative bacilli have been shown to 

decrease the number  as well as the functioning of 

beta-adrenoceptors in the guinea pig lung and it ap- 
peared that the endotoxin (LPS) of  the bacterial cell 
wall was responsible for this phenomenon 18,19,21. En- 

dotoxin has been shown to have strong immunogenic 
properties1. 5. Moreover ,  it has been suggested that 

the reduction of beta-adrenoceptor  sites and the im- 
munogenic effect of endotoxin may be related 21. 

The anterior hypothalamus plays an important 

role in the regulation of  the humoral  and cell-me- 
diated immune response 23. Anter ior  hypothalamic 
lesions render significant protection against lethal 
anaphylaxis in guinea pigs and rats 11,13,16,24 and sup- 

press the delayed cutaneous hypersensitivity re- 
sponse in these animal species6,12. 

Because of this inhibitory influence of anterior hy- 

pothalamic lesions on the immune responses, we in- 

vestigated the influence of anterior hypothalamic le- 

sions on the reduction of  beta-adrenoceptor  number  
by endotoxin in guinea pig lung. 

MATERIALS AND METHODS 

Animals 

The animals used in this study were male guinea 

pigs weighing 310-370 g (CPB, TNO,  Zeist, The Ne- 
therlands). 

Induction of  brain lesions 

Fourteen days before the experiment bilateral 
electrolytic lesions were made in the anterior hypo- 

thalamic nucleus ( A H A )  with the aid of a stereotaxic 

instrument according to an atlas of  the guinea pig 
forebrain 10. The animals were anesthetized with 33 
mg/kg Hypnorm (s.c.) and 60 mg/kg Nembutal  (i.p.). 
Accordingly the lesions were produced by a current 

of 8 mA passed for 20 s through an insulated stainless 
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steel electrode of 0.2 mm diameter with a 0.5 mm 
bare tip. The electrodes were placed according to the 

following coordinates: anterior to bregma 11.0 mm; 

lateral 1.1 mm right and left of the sagittal sinus; ver- 

tical 9.0 mm from the dorsal brain surface. The sham- 

operated group was treated in the same way except 

that there was no current administered. At the time 

of sacrifice, the brains of the lesioned animals were 

removed from the skull and fixed with a 10% Forma- 

line solution. Transverse sections through the le- 

sioned area were cut at a thickness of 100~m. Lesion 

size and location were determined by microscopic in- 

spection. 

Vaccination 

Four days prior to experiment the animals were 

vaccinated with 0.1 ml/100 g b. wt. of a 1 mg/ml endo- 

toxin (LPS; E. coli Ont:B4) solution suspended in sa- 
line. Control animals were injected with 0.1 ml/100 g 

sterile saline. 

Binding assay 

The beta-adrenoceptor binding assay was per- 

formed as described in detail previously 2°. Briefly, 

300/~g protein was incubated with increasing concen- 
trations of [3H]dihydroalprenolol (DHA) .  Four con- 

centration points of D H A  were used (0.5, 1.0, 2.0 

and 5.0 nM). Every concentration point was per- 
formed in triplicate. Incubations were carried out at 

37 °C for 20 min and terminated by rapid dilution 

with 2 ml ice-cold buffer, followed by rapid vacuum 

filtration through Whatman GF/B glass fiber filters. 

Filters were then rapidly washed and radio-activity 

bound to the membranes measured. Binding of 
[3H]DHA in all results and figures refers to specific 

binding (total minus aspecific binding) only. Binding 

data were analyzed by the method of  Scatchard using 

linear regression. The maximal number  of receptors 

(Bmax) and the affinity (Kd) for the receptors were de- 

termined. Levels of significance between different 
groups were calculated using the unpaired Student 's 

t-test. Means + S.E.M. are presented. 

RESULTS 

Table I shows the number  of beta-adrenoceptors 

(Bmax) of the various groups and the affinity (Kd) for 
the receptors. Intraperitoneal injection of endotoxin 

(LPS, E. coli Olll :B4) 4 days prior to the experiment 

resulted in a significant decrease (30%, P < 0.01) in 

Bma x in the peripheral guinea pig lung tissue as com- 
pared to animals treated with sterile saline. There 

was no apparent change in affinity for the receptors. 

After endotoxin administration to animals with le- 

sions in the anterior hypotha|amic nucleus (AHA) ,  

the reduction in beta-adrenoceptor  number  was com- 
pletely prevented. Saline-treated AHA-les ioned ani- 

mals and endotoxin treated AHA-les ioned animals 

showed a small (non-significant) increase in Bma x 
with regard to non-operated control animals. Sham- 

operated animals treated with endotoxin still exhib- 

ited the loss of beta-adrenoceptors.  This latter group 

showed a similar decrease in Bma x as compared to un- 
operated endotoxin treated animals. The effective 

lesions were located in the A H A  (Fig. 1). The size of 

the lesioned tissue varied from 0.4 to 1.0 mm in diam- 

TABLE I 

The effect of lesions in the anterior hypothalamic nucleus of guinea pigs, on endotoxin (LPS Ot11:B4) induced reduction of guinea pig 
lung beta-adrenoceptor number 

Maximal number of binding sites (Bmax) for [3H]dihydroalprenolol and the affinity (Kd) for the receptors are expressed as means + 
S.E.M. 

Treatment Bm~ (fmol/mg protein) K d (nM) % of control n 

Control 1714 + 78 2.8 + 0.3 100 6 
Endotoxin 1207 +_- 110"* 2.2 + 0.2 70 6 
Lesion AHA control 1894 ___ 98 2.8 + 0.2 110 5 
Lesion AHA endotoxin 1853 __- 163 2.8 + 0.3 108 7 
Sham lesion endotoxin 1373 ___ 62** 2.2 + 0.2 80 5 
Lesion other than AHA endotoxin 1326 __- 100" 2.3 + 0.2 77 5 

* P < 0.05, with respect to the appropriate control group; ** P < 0.01. 



Fig. 1. Coronal sections showing the area (shaded) in which the 
effective bilateral lesions in the anterior hypothalamic nucleus 
(AHA) were made. The lesion size varied from 0.4 to 1.0 mm 
in diameter. CC, corpus callosum; OT, tractus opticus; TS, nu- 
cleus triangularis septi; AV, nucleus anterior ventralis thalami; 
Pv, nucleus paraventricularis. 

eter. Lesions in other areas such as the preoptic area 
(more anterior) and the ventromedial hypothalamus 
(more posterior), were not effective in preventing 
the loss of beta-adrenoceptor number (Table I). 

DISCUSSION 

Szentivanyi 25 described a beta-adrenergic block- 
ade as a possible cause underlying atopic abnormali- 
ties in bronchial asthma, which was found to be close- 
ly associated with respiratory infection. Patients with 
chronic asthmatic bronchitis often exhibit infections 
of the deeper respiratory airways with the gram neg- 
ative bacterium Haemophilus influenzae 14. Schreurs 
et a1.21 reported that this bacterium as well as several 
other gram negative bacteria decrease the number of 
beta-adrenoceptors in guinea pig lung and further 
suggested that the endotoxin of bacterial cell walls 
was responsible for this reduction. 
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The findings of the present study demonstrate that 

lesions in the anterior hypothalamic nucleus (AHA) 
prevent the reduction of beta-adrenoceptor number 
(Bmax) in the guinea pig lung after administration of 
E, coli Olll:B 4 endotoxin. The protection of the loss 
of beta-adrenoceptors is not caused by a non-specific 
effect of the operative procedure since the reduction 

of Bma x after endotoxin injection in sham-operated 
animals did not differ significantly from non-oper- 

ated animals. Further, the protection is confined to 
the A H A  since lesions which did not damage the 
A H A  were ineffective in preventing the fall of beta- 
adrenoceptors. We do not exclude however that oth- 
er areas in the brain are also involved in the reduction 
of the beta-adrenoceptor number. 

It is known from the literature that the anterior hy- 
pothalamus plays an important role in the regulation 
of the immune response 23. First, the anterior hypo- 

thalamus influences the humoral immune response, 
since lesions afford significant protection against le- 
thal anaphylaxis in the guinea pigl3,16, 24 and rat 11. 

Second, the anterior hypothalamus is also involved in 
the regulation of the cell-mediated immune re- 
sponse, since lesions suppress the delayed cutaneous 
hypersensitivity response in the guinea pig 12. 

It has been reported that beta-adrenergic recep- 
tors are involved in the immediate hypersensitivity 
reactions9,17, 22. Beta-adrenergic stimulation general- 
ly suppresses immune functions, like mast cell degran- 
ulation in the lung4, while beta-adrenergic blockade 
enhances immune activity 23. Since we showed that 
the A H A  lesion itself already increased the number 

of beta-adrenoceptor sites, this phenomenon may be 
related to the immune suppressive effect of this kind 
of lesions. Moreover, the protection against immedi- 
ate hypersensitivity reactions in animals with lesions 
in the anterior hypothalamus11,13,16. 24, could not be 

explained by decreased antibody titers 23. 
Endotoxin also has a strong immunogenic effect1. 5. 

We suggested before that the influence of endotoxin 
on the number of long beta-adrenoceptors is depend- 

ent on the immunogenic activity of this bacterial cell 
wall product 21. This suggestion fits in the present se- 
ries of experiments in which we showed that lesioning 
of an area in the brain, important for the regulation 
of the immune system, prevents the endotoxin influ- 
ence on beta-adrenoceptor number. 

A factor that may be important in the protective 
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effect of AHA-lesions on the reduction of Bma x by 

bacterial endotoxin is thyroid stimulating hormone 

(TSH). Endotoxin administration results in an in- 

creased release of TSH 8. It has been shown that the 

anterior hypothalamus is involved in the regulation 

of the secretion of TSH by the hypophysis3, 7. Electro- 

lytic lesions in this area induce low plasma levels of 

TSH and decreased thyroid function. Hyperthyroid- 

ism has been noted to increase the severity of asth- 

ma 2, while thyroidectomie is known to increase the 

resistance of guinea pig to anaphylaxis 15. However,  it 

has not been shown as yet that a correlation exists be- 

tween TSH and beta-adrenoceptor  function and 

number  in lung tissue. 

Further studies are therefore necessary to eluci- 

date factors regulated by the A H A  which influence 

beta-adrenoceptor number  in lung tissue. 
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