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Meconium-induced inflammation and surfactant inactivation:
specifics of molecular mechanisms

Jana Kopincova' and Andrea Calkovska'

This review summarizes neonatal meconium aspiration syn-
drome in light of meconium-induced inflammation and
inflammatory surfactant inactivation, related to both endo-
genous and therapeutic exogenous surfactant. The wide effect
of meconium on surfactant properties is divided into three
points. Direct effect of meconium on surfactant properties
refers mainly to fragmentation of dipalmitoylphosphatidylcho-
line and other surfactant phospholipids together with cleav-
age of surfactant proteins. Initiation of inflammatory response
due to activation of receptors by yet unspecified compounds
involves complement and Toll-like receptor activation. A pos-
sible role of lung collectins, surfactant proteins A and D, which
can exert both pro- and anti-inflammatory reactions, is dis-
cussed. Initiation of inflammatory response by specified com-
pounds in meconium reflects inflammatory functioning of
cytokines, bile acids, and phospholipases contained in meco-
nium. Unifying sketch of many interconnections in all these
actions aims at providing integrated picture of inflammatory
surfactant inactivation.

nflammatory response during meconium aspiration syn-

drome (MAS) has attracted a great deal of attention in the
last years.

For a long time, mechanical obstruction and subsequent
chemical pneumonitis were considered as the most impor-
tant reasons for neonatal mortality in MAS (1). Meanwhile,
meconium-induced inhibition of surfactant had been sug-
gested, and supplementation of exogenous surfactant pro-
vided therapeutic tool for newborns with MAS (2). Discovery
of exogenous surfactant brought great hope to both scien-
tists and neonatologists, and the discussion regarding MAS
treatment turned predominantly to surfactant dose, the
way of its application, and the type of ventilatory support.
Although the MAS-induced inactivation of innate surfactant
was found to be related to many factors including pulmo-
nary edema fluid, plasma protein leakage, oxidative stress,
or inflammation (3), possible inactivation of therapeutic
exogenous surfactant by above-mentioned factors had been
considered cautiously.

Then, scientific attention turned back to inflammatory path-
ways, as it was suggested and found that further surfactant
inactivation is caused by inflammation, oxidative stress, and
edema fluid (4-6). However, the exact molecular mechanisms
are still unclear (7).

So, what kind the specifics of meconium-induced inflamma-
tion and surfactant inactivation are of? The complex composi-
tion of meconium perplexes identification of the most active
factors; however, according to what we know at present, the
effect of meconium can be divided into three types:

1. Direct effect of meconium on surfactant properties
Initiation of inflammatory response due to activation of
receptors by yet unspecified compounds

3. Initiation of inflammatory response by specified com-
pounds in meconium

DIRECT SURFACTANT INACTIVATION INDUCED BY
MECONIUM

Besides mechanical obstruction of airways, meconium has
direct impact on surfactant surface properties (8) discussed
in detail elsewhere (9). Such direct inactivation regards both
the endogenous and exogenous surfactant (10,11). Being com-
posed of amniotic fluid, desquamated epithelial cells, lanugo,
vernix caseosa, mucus, blood, and gastrointestinal secretions
swallowed during the intrauterine life, both hydrophobic and
hydrophilic material can be found in meconium mess: cho-
lesterol, free fatty acids (FFAs), and triglycerides in chloro-
form-soluble fraction and bile acids, bilirubin, dietary fiber,
hemoglobin, proteins, and inorganic molecules in water- or
water-methanol-soluble fraction (9,11-13).

When present, meconium alters structure of the major sur-
factant phospholipid (PL) dipalmitoylphosphatidylcholine
(DPPC), causes fragmentation of its bilayer, and disrupts func-
tion of liposomes. Meconium also increases minimum surface
tension of binary surfactant lipid monolayers, namely, DPPC
combined with palmitoyloleoylphosphatidylcholine, phos-
phatidylethanolamine, or phosphatidylglycerol (13). Inability
of surfactant lipids to adsorb at the air-liquid interface due to
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meconium affects both the endogenous and exogenous surfac-
tant activity in a dose-dependent manner (11,13).

Both fractions of meconium impair surfactant, but the lipid-
soluble fraction containing cholesterol, FFAs (mainly palmitic,
stearic, and oleic acids), and triglycerides had stronger effect
than the aqueous fraction (12), and lipid-soluble extract of
meconium closely stimulated DPPC inhibition due to whole
meconium (13).

Minimal amount of cholesterol is normally present and is
also required for natural pulmonary surfactant membranes
to adopt their structure and dynamics (14). Nevertheless,
elevated cholesterol may form complexes with surfactant PLs,
thus increasing the surfactant film fluidity. Higher fluidity
results in collapse rather than multilayer formation during lat-
eral compression in breathing cycle (15). Meconium contains a
substantial amount of cholesterol, and exposure to meconium
results in incorporation of cholesterol into surfactant mem-
branes and films (16). However, surfactant surface activity
did not change in the presence of cholesterol itself; mixture of
cholesterol and taurocholic acid produced similar alteration to
surfactant film formation to meconium, suggesting that bile
acids are the mobilizing agent which facilitates incorporation
of cholesterol to surfactant complexes (14). Cholesterol and
bile acids co-action may explain why in vivo neither of the
subfractions could reproduce the total damaging pulmonary
effects of whole meconium (12).

Similar fluidizing effect was seen in the presence of oleic acid
which interfered with the ability of spread surfactant films to
reach low surface tensions during dynamic compression (17).

The main factor of surfactant lipid impairment in water—
methanol-soluble fraction seems to be secretory phospho-
lipases A, (sPLA,s). sPLAs are esterases that hydrolyze
glycerophospholipids to release FFAs and lysophospholipids
(LPLs). They exert direct injury to cell membranes releasing
arachidonic acid (18-20) and direct dysfunction of surfactant
due to depletion of PLs by hydrolysis of DPPC and other PLs in
both endogenous and exogenous surfactant (21-23) and also
consecutive impairment of surfactant mediated by products of
hydrolysis, mainly by LPLs (21,24).

To date, about 10 enzymatically active mammalian sPLA s
are known, hydrolyzing different substrates and suscep-
tive to different inhibitors. Of sSPLA s, the most important in
meconium-induced lung injury are pancreatic sPLA, (sPLA -
IB) being present in meconium, and then pulmonary sPLA,
(sPLA-IIA) being induced by meconium presence, as dis-
cussed thereinafter (19,20,22). DPPC hydrolysis seems to be
attributed mostly to sPLA -IB activity since sPLA -IIA binds
extremely weakly to phosphatidylcholine vesicles (21,25). The
efficiency of hydrolysis of principal PLs (DPPC, phosphatidyl-
glycerol, and phosphatidylethanolamine) varies substantially
with each enzyme subtype, and contribution of more sPLA,
subtypes in surfactant impairment cannot be ruled out (20,24).
Moreover, accumulation of hydrolysis products, FFAs and
LPLs, disrupts surfactant surface tension-lowering function
due to altered PL packing in the surface film, with LPLs being
significantly more efficient than FFAs or PLs depletion (24).
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LPLs also damage type I alveolar cells, increase capillary per-
meability, and recruit inflammatory cells into the lungs (18).

Besides enabling the insertion of cholesterol into surfactant
membranes, bile acids in lungs lead also to decrease in DPPC
portion and shift in the ratio between phosphatidylglycerol
and sphingomyelin (26). Taurocholic acid, one of the most
abundant bile acids in human, was found to affect the structure
of both surfactant monolayers at the interface and surfactant
aggregates in solution (27), thus contributing to loss of surfac-
tant function. And finally, bile acids can act as nonsubstrate
cofactors for sSPLA, by virtue of their incorporation into PL
layer; their negative charge facilitates sSPLA, adhesion to sub-
strate and consequent hydrolysis (21,28).

As to the direct impact of meconium to surfactant pro-
teins, not much is known at present. Direct impact of meco-
nium on SP-A and SP-D structure has not been described
yet. There is only one reference that human SP-B and SP-C
are directly destroyed in the presence of meconium, demon-
strated by disappearance of SP-B and SP-C bands from western
blot, and this process can be prevented by protease inhibitors
(29). In contrary, bovine SP-B seems to be at least partially
resistant to human meconium in vitro (VA. Ivanov, personal
communication).

Cleavage of surfactant protein chain may, however, lead to
alterations of its function, as it is discussed below.

THE INITIATION OF INFLAMMATORY RESPONSE DUE

TO ACTIVATION OF RECEPTORS BY UNSPECIFIED
COMPOUNDS

In addition to direct surfactant impairment, inflammatory pro-
cess is an essential part of MAS pathophysiology. In response to
meconium aspiration, synthesis of various cytokines together
with release of active inflammatory cells had been observed
(30). Although we do not know the particular responsible
component, in vitro, meconium was found to activate both the
complement (31,32) and Toll-like receptors (TLR; 33,34)—two
important components of the innate immune system.

The main biological effect of complement activation is
induction of inflammatory reaction. Once activated, C5a
product of complement triggers production of innumerable
inflammatory mediators such as cytokines, chemokines, ara-
chidonic acid metabolites, reactive oxygen metabolites, adhe-
sion molecules, and others, resulting in interaction between
endothelial cells (EnC) and leukocytes (32). In light of three
possible ways of complement activation (classical, alternative,
and lectin pathway), meconium was found to work in vitro
via the alternative pathway (35) as well as the lectin pathway
with subsequent increase of TNF-q, IL-1[3, IL-6, IFN-y, IL-8,
monocyte chemoattractant protein-1, macrophage inflamma-
tory protein-1c, macrophage inflammatory protein-1B3, and
eotaxin (36).

TLR are members of a family of pattern-recognition recep-
tors which recognize molecular structures of bacteria, viruses,
fungi, and protozoa and some endogenous structures and
proteins released during inflammation (37,38). Some of them
cooperate in complex with an accessory receptor CD14—a
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protein being expressed on the surface of immune cells and
widely in respiratory tract on both the epithelial cells (EpC)
and EnC. CD14 plays a central role in lung inflammatory pro-
cesses due to recognition of a variety of bacterial and viral com-
ponents, and for a long time, it had been thought to associate
only with bacterial LPS (37,39). CD14 serves in CD14/TLR4/
MD-2 complex present on the macrophages, EnC, and EpC
(38,40,41) and was found out to be activated also by meconium
(33,34). Activation of CD14/TLR4/MD-2 leads to an increase
in nuclear factor kB (NF-kB), activator protein-1 (AP-1), and
activation of IFNs. NF-xB translocation to the nucleus initi-
ates simultaneously both pro-oxidative and inflammatory
cascades—interlinked and complementary components of
inflammatory response (38,42).

Simply, the presence of germ-free meconium in respiratory
tract acts at the molecular level identically to bacterial infection
in both of these ways, the complement and TLR activation. The
starting compound(s) or mechanisms remain still unknown.

It remains just a matter of speculation if we try to put together
some facts about the direct impact of meconium to surfactant
structural properties and accompanying exposure of specific
molecular regions of surfactant proteins in process of TLR and
component activation.

Both SP-A and SP-D belong to collectin (collagen-lectin)
family, meaning they have more binding sites: collagen region
at N-terminus and carbohydrate recognition (or lectin)
domain (CRD) at C-terminus (43). The protein structure and
three-dimensional organization of SP-A in CRD domain is
very similar to mannose-binding protein and to Clg, the ini-
tiator of classic pathway of complement system.

Despite this molecular resemblance, neither SP-A nor SP-D
were shown to activate complement system. Quite the con-
trary, the observed effect of SP-A on complement activation
was rather inhibitory due to reported bond between SP-A and
Clq (43,44). Interaction between SP-A and Clq was found to
influence SP-A binding to alveolar macrophages, and it was
suggested that maybe the activity of SP-A is regulated via bind-
ing to Clq or vice versa (45). However, it cannot be excluded
that changes of SP-A structure in the presence of meconium
may lead to Clq uncoupling and thereby indirectly contrib-
ute to complement activation; in a similar way to oxidized
SP-A and its nonfunctional control of complement in the aging
lung (46).

Classical pathway of complement activation by meconium
was not observed in vitro (36). Yet in vitro experiments with
meconium and complement miss the surfactant components;
and in in vivo experiments, only the terminal sC5b-9 com-
plex had been evaluated which is common for all pathways of
complement activation. The most extensive increase in sC5b-9
complex was observed in MAS animals with fatal outcome (35)
and although the alternative pathway acts as an amplification
loop of all initial pathways (36), we cannot rule out that in vivo
there can be triggering (or at least an interplay) of all pathways.
Despite the number of studies focused on meconium and com-
plement activation, the particular triggers of discrete pathways
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have not yet been clarified, and there are many challenges for
other investigations.

However, not only molecular structure but also orientation
and exposure of binding sites are pivotal in anti-inflammatory/
proinflammatory signalization of surfactant proteins, as it was
demonstrated by Gardai et al. (47).

Under normal conditions, globular CRD of SP-A can bind
DPPC while its collagen region provides protein-protein
interactions. The interaction between SP-A and the PLs via
the CRD domain might be critical to the formation of tubular
myelin (16,48), a transient form of surfactant with role pre-
sumably in innate defense, as seen in knockout mice (16,48).
CRD of SP-D is thought to bind to the polar head groups of
phosphatidylinositol (49). It was reported that in the absence of
a pathogen, SP-A binds through CRD also to signal-inhibitory
regulatory protein-ot and inhibits the inflammatory response
via intracellular suppression of NF-xB (47,50).

However, in the presence of a foreign organism or cellular
debris (which can be found in meconium), SP-A enhances
inflammatory mediators production (macrophage inflamma-
tory protein-2, TNF-0, monocyte chemoattractant protein-1)
by alternative interactions of functional domains. CRD binds
to pathogen or debris, and the collagen region via CD91-
calreticulin (CRT) complex activates immune cells and induces
production of proinflammatory mediators as well as activation
of p38 mitogen-activated protein kinase in the similar way to
C1q. The same picture occurs with SP-A collagenous tails or
SP-A and SP-D constructs lacking head group (CRD) function
of binding to signal-inhibitory regulatory protein-a (47). On
the other hand, CRT also plays an important role in SP-A-
and SP-D-mediated recognition and clearance of apoptotic
cells. Similar to C1q and mannose-binding protein, SP-A and
SP-D bound to apoptotic cells and drove apoptotic cell inges-
tion by phagocytes through a mechanism dependent on CRT
and CD9Y1, participating in resolution of lung inflammation
(50,51). Therefore, once again, there are more possibilities of
triggering different pathways if meconium gets into the lungs.

The molecular organization of surfactant proteins is pivotal
in TLR activation. SP-A has ability to bind directly to TLR4/
MD-2 complex via CRD, resulting in downregulation of inflam-
matory response to LPS, but this interaction demands specific
protein structure in supratrimeric oligomerization (52), and
under certain conditions, especially when lipid components
of surfactant are damaged, SP-A may exhibit immunostimula-
tory effect mediated by TLR4 activation (53). Moreover, there
is also crosstalk between TLR and the complement system, and
still, there is question whether active complement fragments
could directly stimulate TLR signaling (54).

As it was mentioned above, in the presence of meconium,
there seems to be direct impairment of protein chain of human
SP-B and SP-C (29; VA. Ivanov, unpublished observation). It is
a pity we presently miss information about meconium-caused
structural changes of SP-A and SP-D. Such knowledge would
be probably useful, especially when it is possible that the origin
of secret molecule accountable for inflammatory response via

Copyright © 2016 International Pediatric Research Foundation, Inc.
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complement and TLR activation may be more “endogenous”
than supposed.

As for endogenous surfactant surface activity, it seems that it
is impaired by free radicals and enzymes derived from immune
cells (mainly recruited neutrophils) activated by complement
and cytokines (9,10), rather than cytokines and complement
components themselves. However, direct measurement of sur-
face properties of surfactant combined with cytokines or Clq
would be an interesting issue.

THE INITIATION OF INFLAMMATORY RESPONSE BY
SPECIFIED COMPOUNDS IN MECONIUM

Meconium is often referred to be a rich source of diverse cyto-
kines including IL-1B, IL-6, IL-8, and TNF-a. (55); however,
some authors held the view that it is rather meconium-stained
amniotic fluid than meconium itself, which contains above-
mentioned proinflammatory substances. Meconium is consid-
ered perhaps to induce production of cytokines in maternal
tissues (the uterine cervix, the placenta, the decidua, and the
fetal membrane) from where they drift into amniotic fluid (56).
Regardless of the original source of cytokines, meconium-
stained fluid displays ability to attract polymorphonuclear
leukocytes and to activate them (57,58), stimulates alveolar
macrophages to generate platelet-activating factor and TNF-o
(59), and increases further production of cytokines (60).

Another source of proinflammatory substances is the above-
mentioned meconium-derived sPLA, which directly damages
alveolar cells by hydrolyzing membrane PLs and generates
proinflammatory eicosanoids and LPLs (22). Moreover, fur-
ther production of inflammatory mediators can be seen after
sPLA -mediated activation of specific lung macrophage recep-
tors regardless of their enzymatic activity (61).

Bile acids were found to stimulate NF-xB and p38 mitogen-
activated protein kinase signaling pathways in EnC, resulting
in adhesion molecule expression (62), so bile acid contained
in meconium may also contribute to intensified lung inflam-
matory response. Taken together, many substances contained
in meconium may initiate additive proinflammatory signaliza-
tion and exposure of damage-associated molecular patterns
being recognized by TLR (7,38).

“WHERE THE ROADS MEET”

The inflammation and surfactant degradation due to meco-
nium start via three above-mentioned mechanisms: direct
impact on surfactant, activation of complement system and
TLR receptors, and function of present cytokines. However,
the subsequent processes are interrelated and promote each
other.

Briefly, there are two main streams in response to meconium:
so-called proinflammatory (including cytokine production,
expression of adhesion molecules, leukocyte sequestration and
activation, degranulation of neutrophils, sPLA s activation,
etc.) and pro-oxidative one (induction of free radicals produc-
ing enzymes, changes in cell redox status, redox signaling, etc.).
In both lines, TLRs, complement, NF-xB, cytokine and che-
mokine production, and expression of prooxidative enzymes
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and adhesion molecules may be roughly assigned to “mediator
(or signaling) group,” while neutrophil-derived proteases, free
radicals, and huge group of sPLA s serve as “effector group.”
Both reactive species and enzymes from activated cells attack
surfactant components, alveolar pneumocytes, and tight junc-
tions leading to plasma leakage and edema formation, inten-
sified cell sequestration and increased cell signalization—all
ending in necrosis and/or apoptosis together with inactivation
of surfactant and its synthesis (Figure 1).

Detailed description of these processes is a hard row to hoe,
as oxidative and cytokine signalization work hand-in-hand.
For example, increase of free radicals activates NF-kB in sev-
eral cell types (63) resulting in cytokine formation and NOS
expression (64,65). Polymorphonuclear NADPH oxidase-
derived reactive oxygen species (ROS) appear to regulate TLR4
gene expression in EnC which in turn leads to EnC NADPH
oxidase (NADPHox) activation (38). ROS also augment TLR2-
mediated adhesion molecule expression in EnC (66) and seems
to be necessary for neutrophil migration efliciency (67).

Point by point we can track the main features of meconium-
induced inflammation.

As a consequence of chemotactic IL-8 abundance in meco-
nium, massive neutrophil and macrophage migration was

.
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Figure 1. Meconium-induced pathways. Besides direct surfactant
inhibition, meconium activates complex of CD14 and Toll-like receptor 4/
MD-2 (CD14/TLR4/MD-2), complement pathways, and triggers neutrophil
and monocyte influx due to cytokine content. Intracellular pathways
initiated by meconium enhance additional cytokine production, NADPH
oxidase (NADPHox) activation, inducible NOS (iNOS) expression, secretory
phospholipases A, (sPLA_s) activation, and neutrophil degranulation.
Subsequent oxidative stress together with enzyme activity impairs sur-
factant phospholipides and tight junctions and cells, resulting in edema
formation, apoptosis, and decrease in surfactant protein (SP) expression
and surfactant synthesis. For more details, see the section on “Where the
roads meet.”’

Volume 79 | Number 4 | April 2016 Pediatric RESEARCH 517



Integrated Mechanism Review

observed (30,68). The exact time course has not yet been
described; however, under conditions of LPS-induced lung
injury model, neutrophil influx and activation can be seen
within 2h (69), and in experimental models of MAS, influx
of polymorphonuclear leukocytes, T-lymphocytes, and mono-
cytes is also demonstrated within few hours (22,30,31,70)
which are being associated with decrease of leukocyte count in
peripheral blood (6). Meanwhile, TLR and complement activa-
tion take place (32,33).

Meconium-induced TLR4 inflammation is related to dif-
ferent types of cells, including macrophages, EnC, and EpC
and works via activation of NF-xB and AP-1, resulting in I[FN
and cytokine (such as TNF-a) production (34). Furthermore,
TLR4 can be activated by SP-A under certain conditions (53).
There is broad spectrum of evidence that complement and
TLR pathways are interrelated in many cross-points, so that
distinct mediators of both systems share the same signaliza-
tion pathways (54). Activation of complement by meconium
(36) may intensify downstream signalization, and consequent
chemokines and adhesion molecules worsen the situation in
the lungs by additional leukocyte sequestration (32). Along
with IL-8, the complement activation product C5a is one of the
most potent chemotactic factors released during inflammation
with possible role of neutrophil activator as well (35).

Aspirated meconium is able to activate neutrophils rapidly
(71). Once activated, neutrophils and macrophages produce
huge quantities of ROS and reactive nitrogen species (71-73).
The excess of free radicals damages surfactant PLs and proteins
(74) and attacks tight junctions in EnC, facilitating extravasa-
tion (72). Moreover, rise in ROS induces gene expression of
TLR2 and TLR4 in cells, thus enabling enhanced involvement
of TLR signalization to inflammatory processes, while TLR4
signaling proceeds to further NADPHox activation in EnC
(38).

Meanwhile, IL-1B, IL-6, and TNF-o. produced in TLR4-
dependent pathway and eicosanoids provoke sPLA2s expres-
sion in cells, mainly in alveolar macrophages (20,75-77). Aside
from sPLA -IB present in meconium, the other subtypes, such
as sSPLA -IIA, sPLA,-V; or sPLA,-X are expressed in human
lungs (18,20). The presence of SP-A and dioleylphosphati-
dylglycerol (one of surfactant PLs) downregulates sPLA -
ITA expression via inhibition of NF-xB (77) and SP-A has
an ability to inhibit also sPLA -X and sPLA -IIA activity by
direct, selective, and calcium-dependent interaction (25,75).
Recently, SP-B was reported to inhibit sPLA,-IIA-mediated
hydrolysis of surfactant PLs (78), suggesting that the presence
(or absence) of surfactant proteins may influence susceptibility
of individual preparations to meconium when compared with
natural surfactant (11).

sPLA2s and their products LPLs attack cell membranes,
especially those apoptotic ones, damage alveolar cells, and
injure alveolar epithelium denuding basal lamina, thus
enabling recruitment of inflammatory cells and plasma pro-
teins into alveolar space (18,20).

Elastase, proteinase-3, and cathepsin released after subse-
quent neutrophil degranulation degrade tissue and surfactant
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proteins (79-81) thereby increasing vulnerability of surfactant
to sPLA s (25,75). Moreover, elastase may stimulate lung epi-
thelium in further cytokine production and NF-kB-mediated
cell apoptosis (72).

Once established, the oxidative-inflammatory hotchpotch
directs to cell death. Apart from direct injury of pulmonary
cells via lipid, protein, and nucleic acid oxidation, free radi-
cals induce several pathways of both programmed and non-
programmed cell death. This signalization involves activation
of the Fas receptor, mitogen-activated protein kinase pathways
(including extracellular signal-regulated kinase ERK1/2), cas-
pase family activation (mainly caspase 3) and NF-«B activa-
tion (65,72,82-84). In human epithelial cells, these pathways
are reported to be mutually interlinked and also associated
with TLR path in many cross-points (85), thus proapoptotic
signalization means also proinflammatory one and vice versa.

In addition to ROS-mediated apoptosis, the amount of
meconium and the duration of presence of meconium in the
lungs directly affect apoptotic signalization in type II pneu-
mocytes both in vitro and in vivo. Apoptotic membranes are
more subject to sSPLA, hydrolysis (18). The longer exposition
to meconium or the higher meconium content, the more pro-
nounced caspase activity in type II cells resulting in apoptosis
and also cell necrosis (86) related apparently to meconium-
induced activation of local renin-angiotensin system and
angiotensin AT, receptor expression (30,87,88). Moreover,
increase in intracellular Ca?* due to, for example, meconium
bile salts, subsequent sPLA, activation and other processes
may contribute to apoptotic gene expression and cell mem-
brane damage (22,89,90). And despite some contradictions in
observed results, it seems that TNF-oe and NO radical, espe-
cially in higher amounts, may directly decrease SP-A, SP-B,
and SP-C protein synthesis in type II pneumocytes (91,92).
Taken together, functional loss of endogenous surfactant can-
not be recovered by its increased production.

Leakage of plasma proteins into alveolar space through dam-
aged alveolar-capillary membrane and consequent edema for-
mation further amplify surfactant dysfunction (10). Plasma
proteins also include several enzymes able to hydrolyze sur-
factant, and surprisingly, not sPLA, but rather albumin, had
been found to exert the most significant PLA -like activity in
hydrolyzing surfactant phosphatidylcholine to the inactive
lysophosphatidylcholine form (93). Both albumin and fibrino-
gen are able to decrease exogenous surfactant surface proper-
ties significantly (94,95). Formation of edema is the final step
for respiratory failure.

CONCLUSION
Meconium-induced inflammation and surfactant inactivation
is a knotty question. Many scientific papers list precisely dis-
tinct mechanisms of meconium action; however, the unifying
model of concerned mechanisms and their interrelations at the
molecular level was still missing.

Inflammatory processes impair endogenous as well as
exogenous surfactant used in the treatment of MAS. Despite
therapeutic approaches with meconium being at least partially
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removed by lavage (96), running inflammation still embar-
rasses respiratory functions and thereby poses relevant topic
for future research.
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