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ABSTRACT

Research was done on pharmacological-physiological development of the bronchial receptor
system on the smooth muscles of trachea in the newborn children, alive-born and stillborn
children. Monitored was the response on: acetylcholine, dopamine, histamine and serotonin
in different molar concentrations 10, 10%, 107 10 mol/dm?, pmol/dm?). Research was done
on tonus of tracheal smooth muscles of 23 tracheal preparations taken by autopsy after death
from different factors. Based on pharmacological-physiological research on the preparations
of human isolated trachea it was find out that: acetylcholine stimulation effect is significant
(p>0,01) in 38-41 weeks of pregnancy comparing with that in 30-37 weeks of pregnancy
(p>0,01), while dopamine stimulation effect is significant (p>0,05) in 30-37 pregnancy weeks
comparing with the effect of acetylcholine and dopamine on the still-born infants of the same
pregnancy period (p<o0,01). Histaminic receptors were developed during intrauterine life after
38 weeks of pregnancy (p>0,025). Serotonin has caused contraction of the bronchial smooth
muscles after 30 pregnancy weeks, but response was not significant (p<o,01). This suggests
that cholinergic and adrenergic system of the airways in alive newborn infants develops in
parallel intrauterine, contrary to other systems which develop in certain extrauterine life

phases.
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INTRODUCTION

In the fourth month of intrauterine life starts the trachea
differentiation from the gastrointestinal tract. Ganglia
vascularization originates from the bronchial artery. One-
way trachea and gastrointestinal systems innervation
development shows to interaction of the two systems.
Current knowledge and histo-chemical methods demon-
strate the existence of a free plexus of intra-arterial nerves
on the carotid artery, and also on arteries and veins of
smaller diameter in newborn children, but nerves are
absent. Lymphatic plexus has an abundant innervation
on both branches of vagus. The nerve endings were not
found on alveolar walls, but the encapsulated nerve end-
ings were found on visceral plexus, diaphragmal part and
upper pleural part. Intrabronchial part of wall has a good
innervation of muscles, epithelium and glands, particu-
larly above the tracheal bifurcation. Ganglions are mainly
situated in peribronchial plexus, but some fibers similar to
acinous glands were also found (1,2,3). In the beginning of
fiftth month of fetal life many nervous fibers start assum-
ing the white appearance, a myelin deposit sheath, formed
after the repeated circular movements of Schwann'’s cells
membrane around axon. Myelin membrane covering the
nerve fibers along the spinal chord has quite different ori-
gin, as it is formed from oligodendroglial cells. Neverthe-
less, myelin furnishing of nerve fibers in the bone marrow
starts around the fourth month of intrauterine life, while
the nerve fibers descending from upper brain cells to the
spinal chord are not myelinized before expiry of one year
from the birth. Tracheas with the nervous system are
myelinized approximately when they start functioning
(4,5). In certain pulmonary pathological states causing
the respiratory insufficiency with newborns, the varying
susceptibility to chlonergic, adrenergic, histaminergic and
serotonergic substances was found (6,7). Dysfunction
of respiratory epithelium may lead to the bronchial hy-
peractivity and affect the function of respiratory airways
(8,9). Viruses tend to attack the epithelium and to lessen
the action of relaxing substances (RS), thus increasing the
bronchoconstricting effect. Maturing of contractile re-
sponse in postnatal period is gradual and maturation of
the system is concomitantly followed by neuropeptides
activity (10,11). For the purpose of verifying the phar-
maco-physiological development of bronchial receptor
system in dependence of its developmental phase, ex-
amined in this study were the effects of acethylcholine,
dopamine, histamine and serotonin on isolated human
trachea preparations of newborn infants in different ges-
tation weeks, from pharmaco-pathophysiological aspect..
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MATERIALS AND METHODS

Examination was made in 23 experimental studies in
vitro with isolated tracheas of alive-born and still-born
children in different gestation weeks. Tracheas were
taken immediately after autopsy; six rings were taken
above the tracheal bifurcation and immersed in Krebs'
solution pH =7,4. While carrying out the experiment, so-
lution temperature in the bath was maintained on 370C
and aerosolized with mixture of gasses, i.e.95% O, and 5%
CO,; the mixture was streaming uninterruptedly through
the solution in the bath. The rings were prepared and in-
terconnected in a string. The interconnected tracheas
in string of 6 rings were placed in the bath for isolated
organs (volume 50 ml), so that the lower part of rings
was connected to the holder, while their upper part was
thread tied to the "force transducer” (Statham UC2). The
response of smooth muscles of tracheal rings was reg-
istered on the monochannel recorder (Watanabe HSE
6600). After 30 minutes in rest, tonus of tracheal rings
was recorded and then the preparation was exposed to
different molar concentrations 104, 10?, 10 10 mol/
dm?, pmol/dm?) of acetylcholine, dopamine, histamine
and serotonin. Doses were changed every 15 minutes,
while the effect of relevant bronchoconstrictor agent was
monitored in 3 minute time after application. The prepa-
ration was then rinsed several times with Krebs’ solution,
before adding the other substance. The zero hypothesis
was used, based on the assumption that cholinergic and
adrenergic systems in smooth muscles of tracheal rings
are developed equally in different gestation weeks, both
in alive-born and still-born children, as well as in certain
pathological lung conditions, and that they do not influ-
ence the response of bronchial muscles after use of acetyl-
choline, dopamine, histamine and serotonin. Significant
changes were identified by t-test (Student-Fisher t-test).

RESULTS

Test results of isolated tracheal preparations func-
tion in newborn and still-born infants are showing
that acetylcholine, dopamine, histamine and sero-
tonin applied in different concentrations (10%, 107,
10, 10 mol/dm?, pmol/dm?) have different effect

Group  Infant Mass (g) Gestation weeks
500-1100 g 23-29
II Premature infant ~ 1100-2500¢g ~ 30-37

111 Mature infants >2500 >38

[ Immature infant

TABLE 1. Sequence of tested cases based on gestation
phase of the newborn infants.
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on tracheal smooth muscles. Table 1 shows the in-

fants selected by body mass and gestation weeks.

a. Acethylcholine brought to the smooth muscles re-
sponse in alive newborns of 30-37 gestation weeks.
This indicates that the cholinergic system in airways
of alive newborns is completely developed (p < 0,025)
in comparison with influence of acethylcholine in still-
born children of the same gestation age (see Figure1.)

b. Dopamine effect on the smooth muscles of tracheal rings
in alive newborns after 38-41 gestation weeks in compar-
ison with that experienced in 23-29 and 30-37 gestation
weeks, is significantly higher (p<0,025). This suggests that
the adrenergic system, similar to the cholinergic system,
is getting developed after 38 gestation weeks, what con-
firms that such developed system is giving response to
the concerned substance (p <0,05), Figure 2.

c¢. Histamine effect on the smooth muscles of human
trachea in alive newborns after 38-41 gestation
weeks was significant (p<0,025) in comparison with
the effect recorded after 23-29 gestation weeks, what
shows that histaminic receptors are developed dur-
ing the extrauterine life (Figure 3.)

d. Serotonin brings to the contraction of bronchial
smooth muscles of human trachea after 30 gestation
weeks, but the response is insignificant (p>o,1). This
shows that serotonergic receptor system in bron-
chial smooth muscles is not yet fully developed to
be able to respond to the above brochoconstricting
substance (Figure 4.). This shows that the receptors
specific for this substance are developed later in life.
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FIGURE 1. Curve of human tracheal rings response to
acethylcholine in alive newborns (n=23).
(g.w.- gestation week); values are given on X + SG.
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FIGURE 1. Curve of human tracheal rings response to
dopamine in alive newborns (n=23).
(g.w.- gestation weeks); values are given on X = SG.
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DISCUSSION

Based on literature data, the sensory bronchial sys-
tem is insufficiently developed in the first weeks
of extrauterine life. This was proven by testing the
smooth muscles of isolated tracheal rings in pigs
(12). The function of most receptors is considerably
influenced by environmental conditions, neuronal
connections and age (13,14). Functions of calcium
ions and calcium channels are also age dependent.
Although the role of acetylcholine and noradrenaline
neurotransmitters is known for a long time, it is rela-
tively little known about ontogenesis, morphology, dis-
tribution and connections between cholinergic and ad-
renergic neurons. Reasons for that are the unavailability
of specific methods to enable the safe identification of
such cells. Major information on cholinergic and adren-
ergic structures derive from histo-chemical determina-
tion of acetylcholine esterase and dopa-oxidase (15),
as well as from pharmaco-histochemical procedures
improving the visualisation of positive neurons (16). In
pathological cases the reaction of smooth muscles in
airways is contrary to normal reactions (17). Cholin-
ergic excitation of smooth muscles tonus is increased
in pathological cases. Ganglia damage does not show
to the adequate muscles functioning, what results in
spasm and uncontrolled movements. Similar changes
are seen in air-ways alterations. Increased excitation of
vagus is the result of hyperactivity of smooth muscles
airways potentiating the cholinergic activity, as well as
result of alteration in structure of plasmatic membranes
of smooth muscles (18). Increased excitation of vagus
increases the inhibitory system activation, where we
face with damage of neurotransmitter of nonadrenergic
system (8,19,20). The obtained data of tracheal smooth
muscles response are evidencing the susceptibility of
bronchial muscles to acetylcholine, histamine, serotonin
and dopamine, when going from younger to the matur-
ing age in newborn infants. Acetylcholine has a more
pronounced excitatory effect in immature and mature
infants. Histamine has a significant effect in mature in-
fants. Dopamine is also showing a significant effect in
mature infants. The above data indicate that the bron-
chial susceptibility in newborn infants to cholinergic and
adrenergic substances is evident in immature age. Cho-
linergic system is phylogenically predominant, while the
other systems are showing the susceptibility depending
on the age: Dopamine and histamine are showing the
excitatory effect in mature age (mature infants). Based
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on pharmaco-physiological responses, it seems that
cholinergic and adrenergic systems in airways begin to
develop at the same time of intrauterine life, they show
the same maturity of these systems, what is manifested
in significant response (p<0,025) of bronchial smooth
muscles to the relevant substances. Histaminic recep-
tors are developing during the extrauterine life after 38
gestation weeks, with significant response (p<0,025).
Serotonergic system in bronchial smooth muscles dur-
ing extrauterine life is not completely developed even
after 41 gestation weeks to be able to give a significant
response to bronchoconstricting substance. This indi-
cates that specific serotonin receptors are developed
later in life. With lower and mean doses, beta1 and
betaz2-adrenergic receptors are stimulated, while with
high doses the stimulation of alphai-adrenergic recep-
tors is predominant. The response of smooth muscles of
tracheal rings to dopamine suggests that this substance
can exhibit its constricting effect through alpha -ad-
renergic receptors. However, the presence and role of
these receptors in healthy and diseased persons with
increased bronchial reactibility are disputable. Stability
and balance of internal body medium in newborns are
to a large extent depending on regular functioning of
the autonomous nervous system. The cholinergic sys-
tem is important for bronchomotor tonus regulation
and it plays an important role in bronchial reactibility.
Tracheal-bronchial constriction is depending on distri-
bution of muscarine receptors. Adrenergic receptors are
not equally distributed in smooth muscles of tracheo-
bronchial stem. Density of beta -adrenergic receptors
is higher in lower airways, and their stimulation brings
to bronchodilatation. According to Barnes (21), the den-
sity of alpha1-adrenergic receptors is also low in trachea,
but it is getting higher (and in other peripheral parts it
reaches the density of beta -adrenergic receptors), and
their stimulation causes the bronchoconstriction. Re-
sponse of smooth muscles of tracheal rings to dopamine
suggests that this substance may express its constricting
effect through alpha -adrenergic receptors. Disturbed
balance between the two systems and their interaction
with histaminic-serotonergic receptor system are re-
sponsible for maintaining of bronchial tonus in physi-
ological conditions. Disturbance of relation between
these systems brings to domination of one system over
the other, what is manifested in increased bronchial re-
actibility. There is the necessity for further investigations
that will encourage the explanation of change in balance
of these systems, manifested in air-ways obstruction.
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CONCLUSION

Results of the study (except in case with serotonin) are showing that the response of isolated tracheal preparation during

38-41 gestation weeks is more pronounced in comparison with other gestation weeks; it means that cholinergic, adren-

ergic and histaminic receptor systems during gestation weeks of maturing are more pronounced, while the serotonergic

receptors are not sufficiently developed to be able to react in significant degree to the bronchoconstricting substances.

REFERENCES

(1)

Sawchenko P.E. Anatomic and biochemical specificity in antral
autonomic pathways In: Alan R. Liss. Organization of the ANS.
Central and peripheral mechanisms. Inc. 1987; 267-281
Lawrence AJ. Neurotransmitter mechanisms of rat vagal effer-
ent neurons. Clin. Exp. Pharmacol. Physiol.1995;11:86

Islami H.I,, Sukalo A., Shabani R., Disha M., Kutllovci S. Study on
ontogenetic-morphologic development of cholinergic receptor
system on the isolated preparation of human trachea in vitro.
Med. Arh. 2006; 60 (1): 13-17

Ravavi E. Fetal Neuropathology. In: Ducket S. ed. Pediatric
Neuropathology. Baltmore: Wiliams & Wilkins Publications
1995;108-122

Shabani R., Hunozi Z., Islami H., me bp. Evoluimi i dendésisé
numerike neuronale né bérthamat dorsale motorike dhe solitare
té nervit vagus né palcén e zgjatur te té porsalindurit. P. Medica
2002; 44 (1):10-17

Kresimir K. Early of hypoxia on brain cell function. Croatian
Medical Journal 1999;40(3): 375-380

John W.M. Rostral medullary respiratory neuronal activites of
decerebrated cats in eupnea, apneosis and gasping. Respiration
Physiology 1999; 116:47-65

Martin ].G. et al The contribution of airway smooth muscle to
airway narrowing and airway hyperresponsiveness in disease.
Eur. Respir. ]. 2000;16:349-354

Islami HI, Kastrati B, Shabani R, Disha M. The effect of acetyl-
choline, dopamine, histamine and serotonin in the tracheal
smooth muscle in the response with desquamative and non-
desquamative epithelium of respiratory pathways in vitro. Med.
Arch. 2004; 58 (3): 137-140

Homo-Delarche F.,, Dardenne M. The neuroendocrine immune
axis. Springer Semin Immunopathol 1993;14:221

Walsh ].H.,, Dockray G.J. Gut Peptides:Biochemistry and Physiol-
ogy. New York: Raven Press Ltd, 1994

BOSNIAN JOURNAL OF BASIC MEDICAL SCIENCES 2006; 6 (3): 73-77

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

Kalia M., Mesulam M.M. Brainstem projections of sensory and
motor components of the vagus complex in the cat. The cervical
vagus and the nodose ganglion. ]. Comp. Neurol. 1980; 435:465
Kalia M., Mesulam M.M. Brainstem projections of sensory and
motor components of the vagus complex in the cat. II. Laryn-
geal, tracheobronchial, pulmonary, cardiac and gastrointestinal
branches. J. Comp. Neurol. 1980; 193:467-508

Kalia M., Sullivan M.]. Brainstem projections of sensory and mo-
tor components of the vagus nerve in the rat. ]. Comp. Neurol.
1982; 211:248-264

Coburna R F. Neural coordination of excitation of ferret trachea-
lis muscle. Am. J. Physiol. 1984; 246:C 459

Dale H.H. Nomenclature of fibers in the autonomic neurons sys-
tem and their effects. J. Physiol. 1933; 80: 10-11

Borghini N, Peyrin L. Stimulatory effect of long-term hypoxia
on the posterior part of A2 noradrenergic cell group in NTS of
rat. Adv. Exp. Med. Biol. 1993; 337: 429-434

Taylor .M., Smith R B. Intrinsic innervation of the human foetal
lung between the 35 an 140 mm crown rump length stuges. Biol.
Neonate. 1971; 18:193-202

Laburthe M et all. Receptors for gut regulatory peptides.Bail Clin
Endocrinol Met 1994; 8-77.

Tamburine G., Malatino LS. The vasoactive peptidergic system.
Ann. Ital. Med. Int. 1994; 9-88

Barnes P.J. Neuronal control of human airways in health and dis-
ease. Am. Rev. Respir. Dis. 1986; 134:1289

77





