
I N I  Inflammopharmacology. 1998; 6: 159-178. 
© 1998 Kluwer Academic Publishers. Printed in the Netherlands 

GB W e s t  M e m o r i a l  Lec ture  

I N F L U E N C E  O F  A T R I A L  N A T R I U R E T I C  P E P T I D E ,  B R A I N  
N A T R I U R E T I C  P E P T I D E  A N D  U R O D I L A T i N  O N  T H E  

H I S T A M I N E - I N D U C E D  B R O N C H O C O N S T R I C T I O N  I N  T H E  
C O N S C I O U S  G U I N E A  P I G  

M. HERMEL* 
Institute of Pharmacology and Toxicology at the RWTH Aachen, Wendlingweg, 52049 
Aachen, Germany 
*Address for correspondence: Herforder Str. 23, 50737 K61n, Germany 

ABSTRACT 

Hermel M. Influence of atrial natriuretic peptide, brain natriuretic peptide and urodilatin on the 
histamine-induced bronchoconstriction in the conscious guinea pig. Inflammopharmacology. 1998;6: 
159-178. 

The influence of human atrial natriuretic peptide (ANP) and of two related peptides, human brain 
natriuretic peptide (BNP) and urodilatin (URO) on the bronchoconstriction induced by inhalation of 
histamine in conscious, non-anaesthetized guinea pigs was tested. 

Changes in lung function were registered using two independent methods, one operating in a closed 
body-plethysmographic system, the other in an open system based on the time lag of air flow curves. 
The peptides were infused (0.25 ml/min) into the jugular vein for a period from 10 rain before until 15 
min after the histamine inhalation. 

ANP displayed virtually no effect on the bronchoconstriction. URO showed some inibition at 
1280 ng kg-I min l, but not at lower doses. BNP (640 ng kg -~ min ~) inhibited the bronchoconstriction 
markedly for the total registration period. 

It can be concluded from these results that BNP exerts bronchoprotective effects in the conscious 
guinea pig, which are superior to those of ANP or URO. 
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INTRODUCTION 

In recent years, a possible role in the physiological regulation as well as in the 
pharmacological modulation of the airways has been attributed to a novel family of 
endogenous peptide hormones, the atrial natriuretic peptides. 

De Bold et al. [1] postulated the existence of a natriuretic factor from the rat heart 
atrium (ANF) involved in the blood volume homeostasis. This finding led to the 
isolation of a new family of peptides from rat and human heart atria, capable of 
evoking smooth muscle relaxation and natriuresis [2-5]. 

This work is a short version in English of the doctoral thesis submitted to the Medical Faculty of the 
RWTH Aachen 
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Atrial natriuretic peptides were later found to influence the physiological regulation 
of the circulatory system at many levels. They were shown to reduce the circulating 
blood volume by enhancing natriuresis and diuresis [6-8], relax vascular smooth 
muscle directly [9], lower the cardiac output [10] and inhibit renine, aldosterone and 
vasopressin secretion [11-13]. All these effects lead to a reduction in blood pressure 
and circulating blood volume [11]. 

The brain natriuretic peptide (BNP), another new member of the atrial peptide 
family, was originally isolated from porcine brain [t4,15]. However, the cardiac atrium 
of various species has since been identified as the main site of synthesis, storage and 
secretion of the peptide, which, like the ANP, seems to play a role as circulating 
hormone [14-24]. A number of effects similar to those of the ANP have been found in 
animals and humans [14,15,25-28] but species differences in the biological actions have 
also been postulated [29]. 

Urodilatin was originally isolated from human urine by Schulz-Knappe et al. [30]. It 
is an ANP variant extended by 4 N-terminal residues (ANP95 ~26). Although it has not 
been found in human plasma, some of its systemic pharmacological effects were found 
to be stronger than those of ANP99_I26 [31,32]. 

Dose-dependent relaxing effects of several variants of ANP on isolated trachea and 
pulmonary vasculature, first reported by O'Donnell et al. [33], were later confirmed by 
several authors [34-37]. The activity on human tissue preparations seemed to depend 
upon the bronchoconstrictory agent [38,39]. 

An in-vivo protective effect against a bronchoconstrictive agent was also shown for 
sheep and guinea pigs, but could not be demonstrated in dogs and rats [36,40-44]. In 
rabbits, an indirect effect of ANP on the airways has been postulated [45,46], and 
evidence for central nervous modulation of the tracheal tone of anaesthetized cats by 
ANP has also been reported [47]. 

In humans, intravenously applied ANP relaxed the basal tone of normal and 
asthmatic airways. It also displayed a protective potency against bronchoconstriction 
evoked by histamine or distilled water inhalation in asthmatic patients [48-52]. 
Asthmatic airways were also dilated and protected against histamine and methacho- 
line by higher doses of inhaled ANP [53-56]. 

The other members of the ANP family also displayed actions on airways. In contrast 
to ANP, urodilatin infusions protected rats against stimulated bronchoconstriction. 
This peptide was also able to lower the resting tone of human asthmatic airways 
[45,57-59]. 

Effects of BNP on airways remained unknown until relaxing and protective effects of 
this peptide against histamine preconstriction Of guinea pig tracheal muscle prepara- 
tions were reported by Takagi and Araki [60]. A comparison of the effective doses 
(ECs0) of ANP [61] and BNP makes a superior relaxing action of BNP probable [60]. 

Results of tests of ANP on histamine bronchoconstriction in guinea pigs are not 
uniform [36,41], and no reports about actions of urodilatin on guinea pigs airways or 
in-vivo respiratory effects of BNP have come to our knowledge so far. 

Here we report the effects of three different peptides (ANE BNP and urodilatin) on 
histamine-induced bronchoconstriction in the conscious guinea pig. 
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MATERIALS A N D  METHODS 

Methods 

One single apparatus was constructed to permit the use of  two different methods for 
non-invasive lung thnction assessment in conscious guinea pigs (Figure 1 ). 

The animal is placed in the body chamber of a two chamber plethysmograph (Plexi, 
PVC), with its head in the head chamber, and its neck being held by an adjustable 
restrainer. The air-lightness of the seal between the mouth and the body chamber is 
provided by a pressure controlled inflatable rubber cuffand a small amount of silicone 
grease. A supply of humidified fresh air is provided via the mouth chamber before and 
between the measurements. 

The plethysmograph was set up in a way to permit the employment of both methods 
ahnost simultaneously with a minimum of manipulations. 

Interrupter method 

The body plethysmographic (or interrupter) method was originally designed by Hutson 
et al. [62]. It allows the measurement of changes in the specific airway conductance. 
This method makes use o ra  plethysmograph, a pneumotachograph (P .... Fleisch mod. 
0000, Switzerland) and a shutter (S) as part of a tubing circuit, which can be separated 
from the atmosphere (valves V, and Vb) when the fresh air supply (valve V~) is cut off. 
Once the air-tightness of the system has been checked, the air flow (V) oscillating 
through the circuit can be registered by Pn~. 

I ~[n::<-- f r e s h air 

11"120 /  air tight seal 

fresh air 
I I S supply / 

I I Pmouth k restr i r Pnb 

H 

Figure 1. Consnuction of the apparatus 
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At the end of an expiration, the shutter (S) is closed to interrupt the airflow. During 
the following inspiration, pressure changes in the mouth and the body chamber are 
recorded via differential pressure transducers. The shutter, the air outlet and the fresh 
air supply are then reopened. 

The airway resistance (Raw), thoracic gas volume (Vaw) and the specific airway 
conductance (sGaw) are calculated according to the equations given by Hutson et al. 
[62]. 

The absolute values of sGaw are in the range given by Hutson et al. [62]. Since the 
dead volume of the mouth chamber cannot be measured and must be estimated 
individually for each animal, changes in the specific airway conductance are given 
instead of its absolute values. 

Phase lag method 

The method for non-invasive lung function assessment in the conscious guinea pig, 
originally described by Pennock et al. [63], was modified. It allows measurements in a 
constant pressure open system and does not depend on air-tightness of the plethysmo- 
graph. 

The plethysmograph chambers are connected to the atmosphere via the pneumo- 
tachographs Pna and Pnb (the valves V, and Vb are set appropriately). When the fresh 
air supply (Vc) is stopped, the flow of air in and out of both chambers can be registered 
by the pneumotachographs with the animal breathing spontaneously. The delay 
between the pressure curve of the body and the mouth chamber is determined, and 
can be expressed as a phase lag. Assuming a sinusoidal curve, Pennock et al. [63] have 
derived the following equation for this phase lag: 

tan 0 = co Ca Raw (1) 

where 0 = phase shift between mouth and box flow curves (°), co = 2 n f, f = breath 
frequency (1/s), Ca = alveolar compliance (ml/cmH20), and Raw = airway resistance 
(cmH20 m1-1 s). 

For an isothermal expansion, Ca equals the thoracic gas volume divided by ambient 
pressure: 

Yaw 
Ca - (ml/cmH20) (2) 

(Patm-Ps) u 

w h e r e  Patm = atmospheric pressure (mmHg), P~ = 47mmHg = saturation pressure of 
air with water at body temperature, u = 13.6 cmH20/mmHg, Vaw = thoracic gas 
volume. 

It is thus possible to determine the specific airway resistance (sRaw): 

tan 0 
sR,w = R,w V~w = (Patm-P~) u (cmH2Os) (3) 

2 n f  
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Further parameters, e.g. respiratory frequency, volume of expiration, maximal 
expiratory air flow and times of inspiration end expiration, can also be determined. 
Each single measurement is a mean of 10 breath periods. 

The differential pressure transducers were obtained from Validyne Engineering 
Corp. (DP 45-28, 528A3S4D; MP 45-18-871; MP 45-14-871; Northridge, CA, USA), 
and other equipment (carrier frequency bridge amplifiers CFBA 677, recorder output 
module ROM 670, Linearcorder Mark VIII WR 3500 / WA 3503 and the pneumo- 
tachograph power supply) from Hugo Sachs Elektronik KG (March, Germany). 

The data was recorded and processed using a specially designed computer 
programme and could be independently recorded on the paper chart recorder. 

Animals 

Male Hartley-Dunki'n guinea pigs of 400-760 g body weight (Hagemann, Extertal, 
Germany) were used throughout the study. They were kept in an animal house with 
artificial light for 12 h, a constant temperature of 22-24°C, and a relative humidity of 
50%, and fed standard guinea-pig food MS-206, Eggersmann GmbH, Rinteln- 
Gochsheim, Germany. 

Study design 

In a first series of experiments to measure the variability of the bronchoconstrictor 
response depending on inhalation time, the following schedule was applied: after 2-8 
baseline measurements (BL), nebulized histamine was administered, and measure- 
ments were taken between 1 and 16 min after the end of challenge. The animal was then 
taken out of the plethysmograph and later placed in the apparatus again for a 60-min 
measurement. The 13, 15, 16, 60 min and the baseline measurements were a mean of 6 
(interrupter method) or 4 (phase lag method = 40 breath periods) single recordings 
each, the other measurement a mean of at least 2 and 1 recordings, respectively. A 
histamine concentration of 0.5 mg/ml saline was used for each challenge, the challenge 
time varying between 15 and 60 s. 

Since the plasma half-lives of atrial peptides are very short in most species - e.g. 0.5- 
1 min in mice and rats [64-68] and 2-5 min in humans [69-72] - the natriuretic 
peptides had to be administered by intravenous infusion. Under general anaesthesia 
using ketamine-HC1, a specially designed polyethylene catheter was inserted into the 
internal jugular vein and conducted through a subcutaneous tunnel out of the back of 
the animal. To prevent infections, doxycycline (4 mg per animal, Vibraven6s, Pfizer 
GmbH, Karlsruhe, Germany) was injected intraperitoneally every other day until the 
end of the experiment. A recovery period of at least 48 h was maintained before the 
first experiment. The dead space volume of the catheter was approximately 0.2 ml. 

In these experiments, the following measurement schedule was applied: first, two 
baseline measurements were performed (15 and 10 min before histamine administra- 
tion). Then the infusion of saline or test solution was started. Two minutes before 
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histamine challenge, another measurement was taken to assess possible changes of the 
baseline lung function value induced by the infusion. Nebulized histamine was applied 
(time 0 min) for a constant exposure time of 30 s. Another 30 s were allowed for fresh 
air supply. Then, measurements at 1, 3, 5, 7, 11 and 15 min were performed, the 
infusion was stopped and the animal taken out of the apparatus. Another measurement 
was taken 2 h after histamine administration. The baseline, 15-min and 2-h measure- 
ments were again composed of 6 and 4, the other of at least 2 and 1 measurements in 
the interrupter and phase lag methods, respectively. 

Between consecutive experiments, a minimum period of 48 h was allowed. The 
histamine evoked bronchoconstriction which showed considerable variability between 
the animals. To ensure a comparable response, the individual histamine dose was 
assessed using the following schedule: with the challenge time kept constant (30 s), the 
histamine concentration in saline was doubled until a sufficient response (rise in sRaw 
by 80% or a fall in sGaw by 30%) was obtained. Histamine concentrations of 0.5 mg/ 
ml, 1 mg/ml, 2 mg/ml and 4 mg/ml were used. 

Atrial natriuretic peptide (hANP99_126), brain natriuretic peptide (hBNP) and 
urodilatin (hANP9s_I26) (Bissendorf-Peptide, Hannover, Germany) were given by 
intravenous infusion in doses of 320, 640 and 1280 ngmin -1 kg -1 body weight. The 
peptides were stored at -20°C and diluted in saline immediately before use. The 
infusion was started 10 min before histamine challenge to ensure constant blood levels. 
The infusion rate of 0.25 ml/min was kept constant throughout the experiments. 

For the bronchial challenge, histamine dihydrochloride (E. Merck, Darmstadt, 
Germany) was dissolved in saline and nebulized directly into the mouth chamber using 
an ultrasonic nebulizer (DeVilbiss GmbH, Dietzenbach, Germany; Mod. 35 B, 1.35 
MHz, with a mean droplet diameter of 3 gm). 

Statistics 

Values are given as mean_ SEM. Statistical analysis was performed by the Student's t- 
test for paired or unpaired values, where appropriate [73]. Differences were considered 
significant ifp < 0.05. 

RESULTS 

The mean baseline value of the specific airway resistance obtained with the phase lag 
method was found to be 2.96 + 0.05 cmHzOs (n = 220). Baseline values obtained over a 
period of 8 days showed on average a maximum deviation of 3.04_ 3.26% (n = 25) in 
the body plethysmographic method and of 3.41 +0.26% (n =7) in the phase lag 
method. Inhalation of saline caused no significant deviation. 
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Histamine-induced bronchoconstriction 

Both methods recorded a significant dose-dependent bronchoconstriction caused by 
nebulized histamine. A dose-dependent response of the bronchi to both the histamine 
concentration and the inhalation time could be observed. An increase of inhalation 
time (15, 30 and 60 s) displayed a marked increase of the airway response (Figure 2). 

2O0 

sRaw 
% change 

lo0 

I I I I t i a i i I | I I ! ! I I j#it I | 
-32 -28 -24 -20 -16 -12 -S -4 -I 0 1 2 3 4 6 9 13 60 

| t (min) 
[ ]  Histm~ine challenge 

m 
Histamine elutllengetime: • 15s, • 30s, v 60s. 

Figure 2. Dose dependency of the histamine-induced bronchoconstriction: variation of 
inhalation time (0.5 mg/ml, 15 s, 30 s, 60 s, mean_SEM, n=7). sRaw=specific airway 
resistance, phase lag method 

The animals displayed marked differences in their susceptibility to inhaled histamine 
(Figure 3). The histamine concentration necessary to evoke a response of comparable 
intensity was therefore assessed individually. 

The bronchoconstriction provoked using the depicted protocol proved to be 
significant (p < 0.0001 with both methods). The lung function values 2 min before (-2 
min, after 8 min saline infusion) and 2 h after challenge did not differ significantly from 
baseline. 

To ensure reproducibility of the bronchial reaction, a separate control group of 6 
animals was investigated (Figure 4). All animals reacted to histamine with a marked 
bronchoconstriction. When the histamine challenge was repeated 48 h later, values 
obtained by both methods were found to be almost identical. Thus, the experimental 
protocol was shown to be reliable. 
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Figure 3. Histamine-induced bronchoconstriction. Investigations on the variability of bron- 
chial responses during sequential assessment of the effective histamine dose. sRaw = specific 
airway resistance, phase lag method, sGaw = specific airway conductance, interrupter method 

Effects of atrial peptides 

Atrial natriuretic peptide did not display marked bronchoprotective potency. Although 
preliminary experiments applying a low infusion rate of 320 ngmin -1 kg -l showed 
some protective tendency (n = 2, p < 0.05 by one method), higher doses of the peptide 
failed to elicit an effect. When ANP was infused at a rate of 640 ngmin -1 kg -1, the 
intensity of the bronchial reaction was found to be reduced with both methods but no 
significance was demonstrated (n = 4). Finally, experiments using the highest dose of 
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Figure 4. Reproducibility of histamine-induced bronchoconstriction. Repeated histamine 
challenge after 48 h (mean_ SEM, n = 6). sRaw = specific airway resistance, phase lag method. 
sGaw = specific airway conductance, interrupter method 

1280 ngmin ~kg  I showed no protective effect of the peptide (n= 5). Thus, atrial 
natriuretic peptide failed to display a marked inhibition of histamine-induced 
bronchoconstriction in conscious guinea pigs. 

Urodilatin, when infused at a rate of 640 ng kg -l m i n  ~ displayed some reduction of 
bronchial response in the body ptethysmographic method and the difference remained 
visible over 7 min. The phase lag method, however, showed a comparable tendency 
only 1 min after challenge but later the measurements did not differ from control 
values. The effects were not significant (n = 5). 
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Experiments using lower and higher infusion rates have also been attempted. 
Preliminary results showed only a marginal effect of the peptide when given at 320 
n g k g  I m i n  1, but the highest dose of  1280 ngkg 1 rain -~ resulted in a more marked 
protective effect, which even reached significance with the phase lag method (p < 0.05), 
although such doses could be tested in only 2 animals. 

Amongst the three peptides, brain natriuretic peptide showed the most marked 
bronchoprotective potency. Under an infusion rate of 320 ng kg -1 rain 1 the phase lag 
method displayed a reduction in the evoked bronchoconstriction between the 5-min 
and 1 l-rain values which reached significance at 7 min (p <0.05). However, the 
interrupter method did not display an effect (Figure 5). 
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Figure 5. Effects of brain natriuretic peptide on histamine-induced bronchoconstriction. 
(Dose: 320 ng kg -1 min -1 iv, mean_+ SEM, n = 4). sRaw = specific airway resistance, phase lag 
method, sGaw = specific airway conductance, interrupter method 
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When infused with a rate of 640 ng m i n i  kg-1, BNP inhibited the histamine-induced 
bronchoconstr ict ion throughout  the whole experiment (Figure 6). In the body 
plethysmographic method, the effect continued for 11 min and proved to be significant 
(p < 0.001). The phase lag method displayed a similar significant (p < 0.01) inhibition. 

The inhibition of the airway response was also visible in experiments applying a 
1280 ng min -1 kg -l infusion rate (Figure 7). With the body plethysmographic method, a 
max imum fall in sGaw by 45 .4+7 .51% under  saline infusion was reduced to 
18.8-t-2.01%. The phase lag method displayed an initial increase in sRaw by 
77.4+23.9% vs. 190___25.7% control. The effect was significant with both methods 
(p<0.05). 
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Figure 6. Effects of brain natriuretic peptide on histamine-induced bronchoconstriction. 
(Dose: 640 ng kg -1 min -1 iv, mean + SEM, n = 7). sRaw = specific airway resistance, phase lag 
method, sGaw = specific airway conductance, interrupter method 
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Figure 7. Effects of brain natriuretic peptide on histamine-induced bronchoconstriction. 
(Dose: 1280 ng kg 1 min-l iv, mean + SEM, n = 4). sRaw = specific airway resistance, phase 
tag method, sGaw = specific airway conductance, interrupter method 

Thus, brain natriuretic peptide showed a marked potency in inhibiting histamine- 
evoked bronchoconstriction in conscious guinea pigs.in the conscious guinea pig. The 
spontaneous bronchial tone of the animals was not altered significantly by infusion of 
any of  the peptides over 8 min. 
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DISCUSSION 

Considerations of method 

Normal values for lung function parameters in the guinea pig found in the literature are 
not uniform. On the one hand, considerable methodological differences, like bypassing 
the nasal/upper airways (which are reported to contribute 45-90% to the total 
respiratory resistance [74,75]), are found in many studies. On the other hand, the 
parameters measured (lung or airway resistance (RL, Raw) and specific airway 
parameters (sRaw, sGaw)) can hardly be converted from one to the other without the 
use of estimated factors like the lung/airway resistance ratio [76] or functional residual 
capacity (FRC), as the FRC value is still unclear [77-81] and was additionally found to 
differ in conscious and anaesthetized animals [82]. 

Thus, if the effect of anaesthesia on the FRC is taken into account [82], the value 
estimated by the phase lag method in our system corresponds to the seemingly lower 
values of specific airway resistance given by Pennock et al. [63] or calculated from data 
of Agrawal [83], Amdur and Mead [74], Stein et al. [84] and Mead [85]. 

Further, considerably higher airway resistance values were found in guinea pigs in 
body plethysmographic studies of Hutson et al. [62] and in direct airway resistance 
measurements [75]. Therefore, our results fit into the range found in previous studies 
even if the possible influence of consciousness is not considered. 

Histamine-evoked bronchoconstriction 

Compared with intravenous injection, application of histamine as an aerosol offers the 
advantage of milder systemic effects and better intraindividual reproducibility [86]. 
However, the interindividual variability of the bronchial response seems to be higher 
[86], and the effective histamine dose (ED5o) cannot be estimated. The interindividual 
variability of the bronchial response found in our study is consistent with previous 
reports [83,86]. To prevent histamine tachyphylaxis, a sufficient recovery time between 
consecutive experiments should be given [87-89]. 

Effects of ANP 

O'Donnell et al. had already by 1985 reported dose-related relaxing effects of 
atriopeptin III, II and I - shorter ANP variants - on isolated guinea pig trachea and 
pulmonary vessels [33]. The potency of ANP to relax the resting tone of the guinea pig 
trachea in vitro was later confirmed [34,35,90]. 

The peptide was also shown to inhibit the constricting actions of histamine, 
serotonin, methacholine, carbachol, LTD4, arachidonic acid, specific antigen and 
perfusion with K+-solution on isolated guinea pig tracheal muscle preparations 
[36,61,91-94]. 

Finally, in-vivo effects of ANP on the airways of anaesthetized guinea pigs have been 
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described. Intravenous ANP or anaritide (ANP102_126) displayed a protective action 
against bronchoconstriction provoked by serotonin, carbachol or LTD4, but not by 
arachidonic acid. Anaritide was further demonstrated to relax LTD4-preconstricted 
airways with only a marginal effect on the resting tone [36,41,42]. 

Englebach and colleagues [41] found only a marginal effect of ANP¢lo2 126) against 
histamine-induced bronchoconstriction whereas a dose-related protective action of 
ANP was reported by Potvin and Varma [36]. In our study, no marked effect of the 
peptide was found. 

The dosage and structures of the peptides tested in our study were similar to those of 
both the previous investigations and are, therefore, not likely to be the main reason for 
these differences. However, other methodological dissimilarities have probably con- 
tributed to the discrepancy of the results. 

In both previous investigations of ANP in intact guinea pigs, nasal airways were 
bypassed by tracheotomy and cannulation, thus neglecting any contributions of these 
airways to both histamine and ANP actions, and providing another possible explana- 
tion for differences between results [36,41,74,75]. 

Furthermore, Englebach et al. [41] as well as Potvin and Varma [36] used 
anaesthetized and ventilated animals. As differences in lung parameter assessment 
and histamine sensitivity under anaesthesia have been demonstrated [75,82], the 
potential influence of anaesthesia can hardly be estimated. 

Finally, according to the data of Douglas et al. [86], the method of application of 
histamine may be of importance for distribution of its actions over the respiratory 
system. Further, data from in-vitro studies implies possible differential effects of ANP 
on various levels of the respiratory system [34,92]. As intravenous histamine was 
applied by Englebach et al. [41] and Potvin and Varma [36], whereas aerosolized 
challenge was used in our study, a different spectrum of actions may have been 
provoked. 

The differences between the results of Englebach et al. [41] and Potvin and Varma 
[36] may have been caused partly by the utilization of pulmonary inflation pressure 
measurements and bolus injections of the peptide with possibly higher ANP peak 
levels, and partly by genetic and age differences of the animals [95,96]. 

Methodological differences may therefore have contributed to discrepancies between 
the results, but the main reasons remain obscure. 

Effects of urodilatin 

Intravenous administration of urodilatin in humans produces stronger and longer 
effects on the cardiovascular and especially renal functions than ANP(99-126) [31,32]. 

Urodilatin has not been detected in blood plasma so far. Its plasma t~ after 
intravenous bolus injection is 2-3 min in men [31] similar to that of ANP. Although 
the turnover rate of urodilatin seems to be reduced due to its additional 4 N-terminal 
residues [97], the stronger action of this peptide is more likely to be the result of higher 
receptor affinity [98] or activation [32] than of higher degradation stability. 

The effects of urodilatin on the airway have not been extensively investigated. The 
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peptide was shown to relax preconstricted guinea pig trachea in vitro [94]. In vivo, 
protective effects against acetylcholine-evoked bronchoconstriction in rats were shown 
for urodilatin, but not for ANP [44]. Dose-dependent relaxing action on the basal tone 
of both central and peripheral human asthmatic airways has also been reported for 
urodilatin [57-59,99]. Urodilatin might therefore exert bronchial effects superior to 
those of ANP99_126. 

The urodilatin dose applied in this study was considerably higher than the effective 
dose reported for rats and humans (40-80 ngkg -1 min 1) [44,57-59,99]. However, in 
guinea pigs, much higher doses of ANP are necessary to evoke bronchial effects than in 
humans [36,41,48,50]. The effectiveness of atrial peptides appears therefore to be 
species specific. 

Effects of BNP 

A similar range of effects was reported for ANP and the brain natriuretic peptide [27]. 
BNP seems to act on the same receptor systems and also to increase the cGMP levels 
[27,100-102]. Nothing was known about the action of the peptide on airways until 
recently when dose-dependent relaxing effects of BNP on isolated guinea pig tracheal 
preparations were described [60]. The ECs0 of BNP was lower than that of ANP or 
CNP - another member of the ANP family capable of relaxing guinea pig tracheal 
smooth muscle - thus implying that the actions of BNP in the respiratory system might 
be superior to those of other atrial peptides [60,61,103]. 

To our knowledge, there are no other reports on in-vivo effects of BNP in the 
respiratory system. Our assumption that BNP might exert a more powerful action on 
the airway tone than the other peptides is consistent with the in-vitro results. 

The plasma half-life of BNP was found to be longer than that of the ANP in rats and 
humans [27,28,104,105]. Not only enzymic cleavage but also removal from circulation 
by receptor-mediated endocytosis (mainly via the C-type 'clearance' receptor) were 
postulated as degradation mechanisms for atrial peptides [106-109]. Since the affinity 
of BNP to the C-receptor subtype was found to be only 7% of the ANP affinity 
[102,105], a possible higher effectiveness of BNP could be due to a longer plasma half- 
life and different receptor binding affinities [100]. 

Effects of atrial peptides on the spontaneous airway tone 

No effect on the spontaneous tone of guinea pig airways was found for any of the 
peptides. However, as the resting airway tension is much lower in guinea pigs than in 
humans and dogs, probably due to lower vagal activity [110,111], a possible 
bronchodilating action might be difficult to demonstrate. 
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Conclusion 

Bra in  na t r iu re t i c  p e p t i d e  exer ts  p ro tec t ive  effects aga ins t  h i s t a m i n e - i n d u c e d  b r o n c h o -  

co ns t r i c t i on  in the  c o n s c i o u s  gu inea  pig, wh ich  m i g h t  be  supe r io r  to those  o f  a t r ia l  

na t r iu re t i c  p e p t i d e  a n d  urodi la t in .  
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