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ABSTRACT. Mechanical properties of the proximal air- 
ways are known to change with development; the highly 
compliant airways of the immature animal become stiffer 
and less collapsible with increasing age. Although the 
relationship between tracheobronchial architecture and 
function has been described for adult physiology, little is 
known regarding this relationship during early develop- 
ment. This study was, therefore, designed to test the hy- 
pothesis that alterations in tracheal morphometry parallel 
developmental differences in tracheal functional properties. 
Tracheal segments obtained from 29 lambs ranging in age 
from 70% of gestation to full-term newborn lambs up to 6 
d old were examined using anatomic, morphometric, and 
histochemical techniques. The results showed 1 )  progres- 
sive increases in the dimensions of the trachea and the 
tracheal wall components, 2) alterations in the geometric 
arrangement of the tracheal ring, and 3) changes in the 
compositional characteristics of the tracheal cartilage with 
maturation. These findings demonstrate alterations in tra- 
cheal architecture, each of which contribute to the greater 
stiffness of the trachea, in older animals. When considered 
together, these factors help explain the differences in tra- 
cheal functional characteristics with development. (Pediatr 
Res 30: 170-175,1991) 

Abbreviations 

GAG, glycosaminoglycan 

Several investigators have examined the mechanical properties 
of the developing airways, both in humans and in various animal 
species (1-6). These studies indicate that the airways from pre- 
term neonates are highly compliant and collapsible structures 
that become stiffer and better able to withstand pressure-induced 
deformation with increasing maturity. The greater collapsibility 
of the immature airways predisposes premature infants to sub- 
sequent abnormalities of pulmonary function such as increased 
dead space with gas trapping, poor gas exchange, increased airway 
resistance, and increased work of breathing (5, 7). 

The functional properties of the adult tracheobronchial tree 
are known to reflect variations in the anatomical structure of the 
tracheobronchial wall (2, 3, 8-10). There is, however, little 
information regarding the structural basis for the differences in 
the functional properties of the airways during early develop- 
ment. 

Mechanical properties of the trachea have been extensively 
evaluated (1-5, 8, 1 1 - 15). To test the hypothesis that alterations 

in tracheal structure parallel developmental differences in tra- 
cheal functional characteristics, we examined tracheal structure 
over a range of development from 70% of gestation to the 
neonatal period. Anatomic, morphometric, and histochemical 
techniques were used to study and quantify tracheal structural 
characteristics from preterm and full-term newborn lambs. Cor- 
relation of these findings with existing information on tracheal 
mechanics may aid in understanding how the premature infant 
differs from the full-term neonate with regard to airway structure 
function. 

MATERIALS AND METHODS 

Tracheal segments (2-3 cm in length) were obtained from 2 1 
preterm lambs, 105 to 145 d gestational age (term, 147 +. 3 d) 
and eight full-term newborn lambs, 1 to 6 d postnatal age 
(developmental age range, 105-1 53 d). All segments were ob- 
tained within 0.5 h of killing the animal, and care was taken to 
ensure that segments were excised from the same region and the 
same tracheal rings were studied (i.e. the 2nd and 3rd rings below 
the cricoid) from each animal, to avoid differences due to re- 
gional variation. This study was a part of other investigation~ 
regarding pulmonary function (in vivo and in vitro studies) in 
preterm and newborn lambs (4, 5, 16), and the protocols for 
these studies had been approved by the Institutional Animal Care 
and Use Committee, Temple University, Philadelphia. 

Morphology. Tracheal segments were uniformly fixed in 2% 
glutaraldehyde in phosphate buffer; no transmural pressure was 
applied to prevent architectural distortion. Routine histologic 
techniques, as described below, were then used to prepare the 
segments for light microscopic examination (17). The segments 
were dehydrated in increasing concentrations of ethyl alcohol, 
cleared in cedanvood oil, and embedded in parafin. Transverse 
sections (7 pm thick) cut serially with a microtome, throughout 
the thickness of at least one tracheal ring (i.e. between two 
adjacent intercartilagenous spaces), were mounted on glass slides 
preparatory to staining. Milligan's Trichrome (17) was used to 
stain the tracheal sections, coloring the muscle magenta and 
cartilage green, thus enhancing the contrast between the principal 
tracheal wall components. The sections were examined by light 
microscopy and used to conduct morphometric measurements. 

Morphometry. Airway dimensions were quantified using a 
computerized image analysis system (1 8-20) in conjunction with 
a light microscope. This system uses contour tracing and com- 
putes both morphometric and densitometric parameters of user- 
selected regions of histologic slides. The slides were placed under 
the microscope, presented via a camera to an image processing 
board in the computer system, digitized, and displayed on a 
video monitor coupled to a touch screen. Selected areas were 
traced onto the touch screen for analvsis of momhometric data. 
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ness varied along their lengths, measurements were made at 
different points and an average value determined. The radius 
was calculated from the average diameter. 

Because the fibers of the trachealis stained with a different 
color and intensity compared to the surrounding and intervening 
connective tissue, they were outlined using the densitometric 
function of the image analysis system before computation of 
their dimensions (18). By measuring only the dimensions of the 
muscle fibers, this procedure enabled the determination of mus- 
cle mass. The percentage of muscle fibers within the trachealis 
bundle was also calculated (area of muscle fibers per unit area of 
muscle bundle). 

The dimensions of every 5th section in one ring of the trachea 
were similarly computed (preliminary studies of sections through 
the entire tracheal ring indicated that tracheal dimensions re- 
mained relatively unchanged through at least five adjacent 7-pm 
sections). The amounts of muscle and cartilage per tracheal ring 
were then determined from the area of muscle or cartilage per 
section and the number of sections per ring. 

Histochemistry. To identify any differences in the composi- 
tional characteristics of tracheal cartilage, tracheal segments were 
obtained from two groups of lambs representing the preterm (n 
= 5; 1 14- 1 19 d gestational age) and full-term newborn animals 
(n = 5; 3-6 d postnatal age) and were processed for paraffin 
embedding. The paraffin blocks were carefully trimmed to in- 
clude only the trachael cartilage and 7-pm sections prepared as 
described previously (25 sections per animal). These sections 
were investigated histochemically using the Alcian Blue 8GX 
(pH 2.5) staining technique to investigate the presence and 
relative amount (as reflected by the staining intensity, compared 
with background) of sulfated and carboxylated mucosubstances 
(GAG) in the paraffin sections of tracheal cartilage from the two 
groups of animals. This technique is based on the electrostatic 
binding of polycationic functional groups on a pthalocyanine 
ring to anionic functional groups in tissues (2 1, 22). The densi- 
tometric function of the image analysis system was used to 
measure the relative staining intensity of Alcian Blue as follows: 
the slides were placed under the microscope and focused on the 
video monitor such that half the screen was blank to serve as 
background, and half was occupied by the image of the tracheal 
cartilage. The color intensity of the pixels, per unit area of 
cartilage, was determined relative to the intensity of the pixels in 
the background portion of the screen. All sections were examined 
in the same manner while ensuring a constant background 
intensity. Selected sections from both groups of preterm and 
term animals were pretreated with bovine testicular hyaluroni- 
dase (1 mg/mL in acetate buffer; incubation period 1 h) to 
remove hyaluronate, chondroitin, and chondroitin sulfate from 
the tissue sections before staining (23, 24). A reduction in the 
intensity of Alcian Blue staining in enzyme-treated adjacent 
sections when compared with untreated (n = 10) or control (n = 
10) sections would confirm the presence of GAG in the tissues. 

Data analysis. Linear regression analyses were used to correlate 
the measured tracheal dimensions (radius, cross-sectional area, 
internal and external circumference, cartilage length, muscle 
length, cartilage area, muscle area, cartilage thickness, muscle 
thickness, amount of cartilage, and amount of muscle) to devel- 
opmental age. 

The following ratios were calculated: cartilage lengthlsec- 
tion:muscle lengthlsection, cartilage area/section:muscle areal 
section, and amount of cartilage/tracheal ring:amount of muscle/ 
tracheal ring. To assess age-related changes in the dimensions of 
tracheal cartilage relative to muscle, the above-mentioned ratios 
were correlated with developmental age using linear regression 
analyses. 

To evaluate developmental alterations in tracheal wall thick- 
ness in relation to luminal size, the ratios of cartilage thick- 
nesstracheal radius and muscle thickness:radius were deter- 
mined and plotted against developmental age. 

The percentage of muscle fibers within the muscle bundle were 

also correlated with developmental age to evaluate any changes 
in functional muscle mass with maturity. 

The above linear regression coefficients were also tested for 
statistical significance, and significance was accepted at the p < 
0.05 level. 

Differences in the relative amounts of GAG and collagen in 
the tracheal cartilage between the preterm and full-term newborn 
lamb tracheal sections (i.e. differences in color intensity, relative 
to a constant background, with Alcian Blue) were analyzed for 
significance using an unpaired, two-tailed t test. p values of less 
than 0.05 were considered significant. 

RESULTS 

Morphology. We examined tracheal segments from a total of 
29 lambs ranging in age from 105 d of gestation to 6 d postnatal 
(i.e. 105 to 153 d developmental age). The increase in develop- 
mental age was accompanied by a linear increase in birth weight, 
from 1.05 kg in the youngest animal to 10.23 kg in the oldest 
animal (r = 0.8 1; p < 0.05). 

Upon visual inspection, the tracheal segments appeared cylin- 
drical, and in the preterm animals, the posterior wall demon- 
strated an overlap of the ends of cartilage. Light microscopic 
examination of transverse sections of the trachea from all animals 
showed roughly circular outlines, with the tracheal walls com- 
posed mainly of cartilage and muscle and lined internally by 
ciliated columnar epithelium. The posterior tracheal wall con- 
tained the smooth muscle fibers of the trachealis, which bridged 
the gap between the free ends of cartilage and inserted along the 
inner perichondrium. A change in the geometric arrangement of 
the tracheal cartilage occurred with development. In animals less 
than 145 d gestational age, the posterior free ends of cartilage, 
beyond the smooth muscle-cartilage junction, overlapped each 
other in a highly deformed manner and adopted different config- 
urations in all of the segments examined (Fig. 1). In the older 
animals, the overlap was greatly decreased or absent with the 
free ends of cartilage abutting each other, and the configuration 
of cartilaginous ends was seen to be similar in all of the segments 
studied (Fig. 2). (Note: To present similar views of the posterior 
tracheal wall in both the younger and older animals, it was 
necessary to use different magnifications to photograph the sec- 
tions.) No differences were noted in the manner of muscle 
insertion. 

Morphometry. Dimensions of the tracheal section, the radius, 
cross-sectional area, and internal and external circumference, 
increased with increases in developmental age. As shown in 
Figure 3, correlation analyses demonstrated a significant linear 

Fig. 1. Representative micrograph of a transverse tracheal section 
from a preterm lamb, 107 d developmental age. E, epithelium; C, 
cartilage; L, lumen; and M, muscle. Note the deformability of the free 
ends of overlapped cartilage in the posterior wall (magnification x60; 
stain: Milligan's trichrome). 
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Fig. 2. Typical transverse section of the trachea from a full-term 
newborn lamb, 153 d developmental age, showing the posterior tracheal 
wall with no overlap of the free ends of cartilage (magnification x30; 
stain: Milligan's trichrome). E, epithelium; C, cartilage; L, lumen; and 
M, muscle. 

correlation between each of these parameters and developmental 
age ( p  < 0.05). 

Tracheal cartilage and trachealis muscle sections increased 
linearly with developmental age ( p  < 0.05), and growth occurred 
proportionately, with the ratio of cartilage to trachealis muscle 
length remaining relatively unchanged over the age range studied 
(Fig. 4). Similarly, the observed linear increases in the area of 
tracheal cartilage and muscle cartilage per tracheal section (area 
= 0.26 developmental age -21.57, r = 0.79, p < 0.05; and 
trachealis area = 0.03 developmental age -2.72, r = 0.79, p < 
0.05) were proportional to each other and the ratio of cartilage 
to smooth muscle area was relatively constant with development. 

The amounts of cartilage and muscle per tracheal ring calcu- 
lated as described before correlated significantly ( p  < 0.05) with 
developmental age. Both components showed a 7- to 8-fold 
increase from the youngest to the oldest animal studied, resulting 
in no significant difference in the ratio of the amounts of cartilage 
to muscle with develoument (Fig. 5). 

Regression analysesAalso indi&ted significant ( p  < 0.05) linear 
correlation between both cartilage thickness and developmental 
age, and muscle thickness and developmental age. To obtain the 
relationship between wall thickness and luminal size as a function 
of age, ratios of cartilage thickness to radius and muscle thickness 
to radius were determined, and each ratio was plotted against 
developmental age (Fig. 6). These ratios were observed to remain 
unchanged during the period of development studied. 

Within the trachealis muscle bundle, smooth fibers were sep- 
arated by a space containing an amorphous matrix. The propor- 
tion of fibers in the muscle bundle did not change significantly 
with development, nor did the proportion of intervening con- 
nective tissue. The muscle fiber:muscle bundle ratio was 72.85% 
in the youngest animal compared with 72.69% in the oldest 
animal studied (Fig. 7). 

Histochemistry. Table 1 details the relative staining intensity 
of the tracheal cartilage and provides a semiquantitative assess- 
ment of the GAG content of tracheal cartilage. 

Studies using the Alcian Blue 8GX (pH 2.5) staining technique 
for GAG showed a 20% greater staining intensity ( p  < 0.05) of 
tracheal cartilage in the group of older animals compared with 
the younger animals. After enzymatic digestion by testicular 
hyaluronidase, the staining reaction was absent in the sections 
from the group of younger animals and was greatly decreased in 
the group of older animals. 

DISCUSSION 

Various changes in pulmonary function are known to occur 
with development, especially in the perinatal and neonatal pe- 

Fig. 3. The figure shows significant linear relationships (p  < 0.05) of 
(top) tracheal radius (R); (middle) internal (I. CIRC) and external (E. 
CIRC) circumference; and (bottom) tracheal cross-sectional area (CSA) 
with developmental age (DA). 

riods (1 ,  6, 7). These include an increase in the volume, compli- 
ance, and conductance of the lung and a decrease in the resist- 
ance, specific conductance, and compliance of the airways with 
maturity. The increase in lung volume, which occurs as a func- 
tion of both age and body weight, is necessary to support the 
functional and metabolic requirements associated with growth 
and is attributed to alveolarization as well as an increase in 
airway dimensions (6, 7). The greater lung volume in older 
neonates also contributes to the improved lung compliance seen 
with maturity, which in turn depends mainly on the anatomical 
and biochemical maturation of the respiratory apparatus. The 
increase in lung conductance seen with development may be 
explained on the basis of increasing airway dimensions and 
airway branching (6). 

Developmental differences in airway mechanics may be af- 
fected by alterations in airway caliber, as well as changes in the 
active and passive tissue components of their walls. For example, 
in the case of the trachea, the major components of the tracheal 
wall that contribute to its mechanical properties are the tracheal 
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Fig. 4. Significant linear correlation ( p  < 0.05) was seen between 
(fop) cartilage length/section (CL) and developmental age (DA) and 
(middle) muscle length/section (ML) and developmental age, whereas 
(horrom) the ratio of cartilage to muscle length per section (CLIML) 
remained relatively unchanged with development. 

cartilage and the tracheal smooth muscle, and changes in the 
geometry and integrity of these tissues, as well as their relation- 
ship with each other, may affect mechanical function of the 
organ. 

This research project was, therefore, designed to examine the 
tracheal structure at various stages of development during the 
prenatal and neonatal periods and to evaluate the role of tracheal 
morphology in determining tracheal physiology. We chose to 
study the lamb trachea because of its similarity to human tracheal 
structure, particularly in the manner of insertion of the trachealis 
muscle (both s~ecies demonstrating an insertion on the internal 
perichondrium). In addition, several studies regarding develop- 
mental changes in tracheal physiology have been performed in 
the lamb model (4, 12, 14, 15); allowing for better correlation of 
structure and function. Airway compliance is known to decrease 
with increasing maturity (1,3,5), immature animals demonstrat- 
ing extremely compliant and collapsible airways. Application of 
transmural pressure would cause differing degrees of architectural 
distortion depending on airway compliance, which in turn is 
affected by developmental age. In view of these facts, we chose 

Fig. 5. The figure depicts the relationships between (top) the amount 
of cartilage/tracheal ring (C)  and developmental age (DA) ( p  < 0.05); 
(middle) the amount of muscle/tracheal ring (M) and developmental 
age ( p  < 0.05); and (bottom) the ratio of the amount of cartilage to the 
amount of muscle per tracheal ring (CIM) and developmental age. 

to standardize fixation procedures under conditions of zero 
transmural pressure. 

Effect of maturation on tracheal dimensions. The results of 
this study demonstrate significant increases in the tracheal radius, 
cross-sectional area, and circumference with maturity. This in- 
crease in tracheal caliber contributes to the greater lung volume 
and decreased airway resistance seen with development. The 
associated decrease in specific airway conductance is believed to 
be due to the disproportionate increase in lung volume compared 
with the increase in airway dimensions (6). 

Tracheae from preterm animals are known to be extremely 
compliant structures, which become stiffer with increasing ma- 
turity ( I ,  2, 5-7). Simplistically, one mechanism for the greater 
rigidity of the trachea with development could be alterations in 
wall thickness compared with luminal size, a thick-walled struc- 
ture being more rigid than a thin-walled structure, all other 
factors remaining unchanged. And, inasmuch as the tracheal wall 
is not a homogeneous structure, both components, tracheal 
cartilage and muscle, must be considered. However, our results 
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Fig. 6. The relationships between cartilage (CT), muscle thickness (MT), and developmental age (DA) are shown in the upper left and upper 
right panels of the figure (p < 0.05). The lower left and lower right panels depict the relationships between the ratios of cartilage thickness:radius 
(CTIR) and muscle thickness:radius (MTIR), respectively, and developmental age. 
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Fig. 7. Correlation between muscle mass in the trachealis muscle 
bundle (%M/B) (expressed as a percentage) and developmental age (DA). 

Table 1. Semiquantitative estimation of the GAG of tracheal 
cartilafe* 

sions of the trachealis muscle with development. Tracheal growth 
in the prenatal and neonatal period thus appears to be similar to 
growth occurring postnatally as demonstrated by Wailoo and 
Emery (25) and Matsuba and Thurlbeck (26), with no differences 
in the relative proportions of muscle and cartilage of the trachea 
and large bronchi in children and adults. 

Light microscopic examination revealed a marked difference 
in the geometric arrangement of tracheal cartilage in the posterior 
tracheal wall with development. In the very preterm animals, the 
thin, deformable, free ends of cartilage may be indicative of 
decreased support of the posterior tracheal wall and may cause 
it to be a "weak link" in the tracheal ring. Distortion, i.e. 
evagination or invagination, of this portion of the trachea may 
contribute to uneven air distribution and ineffective ventilation. 

In the older animals, the posterior tracheal wall assumed a 
more stable configuration with the free ends of cartilage butting 
each other. With such an arrangement, even a small degree of 
muscle shortening would be adequate to form a rigid, completely 
cartilaginous ring that is better able to resist collapsing and 
distending transmural pressures. This arrangement of the carti- 
lage also helps in the formation of a more rigid structure by 
placing the trachealis muscle at a better mechanical advantage - 

Preterm Full-term and limiting muscle shortening (8) and could explain the great& 

Treatment (x  + SEM) ( x  + SEM) rigidity of the trachea in the older animals. 
The differences in the posterior wall configuration between 

AB only 105.5 k 0.8 138.7 + 4.7T the older and younger animals do not appear to be merely an 
AB after t. hyase 7.8 + 0.2 26.1 + 0.6t effect of postnatal breathing, inasmuch as the unventilated tra- 

*Values indicate the degree of stain absomtion measured as the chea from a Preterm lamb, 145 d gestational age, also ~.howed a - 
staining intensity of tracheal cartilage (per unit area) relative to the 
background, in arbitrary units, expressed as mean + SEM. AB, Alcian 
Blue; t. hyase, testicular hyaluronidase. 

t p < 0.05. 

demonstrate that the thickness of both the cartilage and muscle 
increased proportionately with the tracheal radius, and the ratios 
of wall thickness to radius (carti1age:radius and muscle:radius) 
did not change significantly over the period of development 
studied, indicating the presence of a different mechanism for the 
increased stiffness of the trachea with maturity. 

Effects of maturation on tracheal cartilage. Our results show 
progressive, gradual increases in the length, area, thickness, and 
amount of tracheal cartilage with developmental age, and growth 
occurring proportionately, with similar increases in the dimen- 

similar arrangement as the term newborn animals. 
Tracheal rigidity is also affected by the stiffness of its cartilage, 

which in turn depends on the components of the extracellular 
ground substance, mainly the GAG, and collagen (13, 24, 27, 
28). It is the proteoglycans in cartilage that are responsible for its 
ability to withstand compressive forces (8, 13), and the load (both 
preload and afterload) related to airway cartilage can be affected 
by alterations in cartilage stiffness. Enzymatic degradation of 
proteoglycans has been shown to cause a marked reduction in 
the stability of particular cartilage to withstand compressive 
stresses (28). Moreno et al. (13) studied papain-treated rabbit 
tracheae and demonstrated an increase in tracheal collapsibility 
after enzymatic softening of the cartilage. in this study, we 
examined tracheal segments from two groups of lambs repre- 
sentative of the preterm and term newborn animals for altera- 
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tions in compositional characteristics of tracheal cartilage with 
development. The relative staining intensity of Alcian Blue pro- 
vided a semiquantitative index of GAG content. Alcian Blue was 
used to stain the GAG in the tracheal cartilage (as explained 
earlier, Alcian Blue can be used to stain chondroitin sulfate, 
hyaluronic acid, heparin, and the acid glycoproteins in tissues); 
the increase in the staining intensity of Alcian Blue (relative to 
background) in the group of older animals indicates the increased 
content of GAG in the tracheal cartilage. These findings are in 
agreement with those of Bucher and Reid (29), who have reported 
increased basophilia (which also depends on the presence of 
chondroitin sulfate) of airway cartilage in a 16-wk-old human 
fetus versus a term infant. Upon enzymatic digestion of the 
proteoglycans by testicular hyaluronidase, the results showed a 
slightly positive staining reaction with Alcian Blue 8GX in the 
group of older animals compared with absence of staining in the 
group of younger animals. These findings suggest the presence 
of proteoglycans resistant to digestion by testicular hyaluronidase 
(23) in the tracheal cartilage of the older animals, which may 
contribute to the increased rigidity of their tracheae. 

These differences in the compositional characteristics of tra- 
cheal cartilage parallel the age-related alterations in the mechan- 
ics of the tracheal cartilage recently demonstrated by Penn et al. 
(15), which indicate a much greater compliance of the tracheal 
cartilage in preterm lambs as compared with that from adult 
sheep. 

Effect of maturation on tracheal smooth muscle. As aforemen- 
tioned, tracheal stability, circumference, and caliber can be af- 
fected by the tracheal smooth muscle. The contribution of the 
smooth muscle to these parameters may be dependent on various 
factors (4, 10): proportion of tracheal smooth muscle in the 
tracheal wall, the smooth muscle's contractility (which may be 
related to smooth muscle mass), and the length-tension and dose- 
response characteristics of the muscle. Our findings demonstrate 
significant linear increases in the length, thickness, and area of 
tracheal smooth muscle per tracheal section, as well as an increase 
in the volume of muscle per tracheal ring with development. 
However, the proportion of muscle in the tracheal wall remained 
relatively unchanged during this period. In this study, we also 
measured muscle mass by quantifying the dimensions of the 
muscle fibers in the trachealis muscle bundle. The results dem- 
onstrate that the proportion of muscle fibers in the muscle bundle 
remains relatively unchanged over the age range studied, indi- 
cating a proportionate increase in muscle mass. 

Force generation properties of the tracheal smooth muscle 
have been shown to vary between preterm and adult sheep (14). 
Studies by various authors (4, 1 1, 12) have indicated that the 
compressibility of the trachea can be finely controlled by the 
contraction of the trachealis muscle and that differences in force 
generation capabilities would play an important role in deter- 
mining the differences in tracheal functional properties. As 
shown by our results, changes in tracheal smooth muscle force 
generation capabilities cannot be attributed to increases in rela- 
tive amounts of muscle mass. Therefore, intrinsic differences in 
the smooth muscle cells or connective tissue components of the 
muscle bundle are implicated. Biochemical investigations of 
nonainvay smooth muscle cells in various animal species have 
demonstrated clear differences between embryonic, neonatal, 
and adult myosin isoforms (30, 31), as well as changes in the 
proteoglycan content of the intervening connective tissue (32). 

In summary, there are a number of changes that occur in the 
tracheal structure with development. All of these factors-in- 
creases in the dimensions of the major tracheal wall components 
(cartilage and muscle), alterations in their geometric arrange- 
ment, and differences in their material characteristics-consid- 
ered together help explain the developmental changes in func- 
tional properties of the trachea. 
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