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Histopathologic Changes of the
Lung in Newborn Mice Born from
Asthmatic Mothers

Astimli1 Annelerden Dogan Yenidogan Farelerde
Akcigerdeki Histopatolojik Degisiklikler

ABSTRACT Objective: Asthma has its origins in early-life. Maternal asthma is an important risk fac-
tor, the mechanism of this effect is still unknown. The aim of this study was to evaluate the
histopathologic changes of the lung in newborn mice born from asthmatic mother. Material and
Methods: 28 BALB/c mice were divided into 4 groups; Group I (Astmatic mother mice), Group II
(Control mother mice), Group III (Babies from asthmatic mother) and Group IV (Babies from con-
trol group). Mice in group I were sensitized with ovalbumin and mice in group II received saline.
Mothers and 1-day-old baby mice were sacrified and airway histopathology was evaluated by using
light and electron microscopy in all groups. Results: In asthmatic mother mice group (Group I), all
histopathologic parameters including thickness of the epithelium, basement membrane and subep-
ithelial smooth muscle were significantly higher when compared with the control group (Group II)
(p=0.000, p=0.000, p= 0.000 respectively). When Group III and IV were compared with each other,
the thickness of the epithelium, basement membrane and subepithelial smooth muscle were sig-
nificantly higher in babies born from asthmatic mothers (p=0.000, p=0.000, p= 0.000 respectively).
Conclusion: The results of this study suggest that structural changes of the lung may begin in the
prenatal period in babies born from asthmatic mothers. Further studies are needed to clarify the
histopathologic changes of the lung in childen of asthmatic mothers, which factors influence these
changes and whether these changes are permanent or temporary.
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OZET Amag: Astim hayatin erken dénemlerinde baslar. Annede astim varligi 6nemli bir risk fak-
toriidiir ancak bu etkinin mekanizmasi halen bilinmemektedir. Bu ¢aligmanin amaci astimli anne-
lerden dogan yenidogan farelerin akcigerlerindeki histopatolojik degisiklikleri degerlendirmektir.
Gereg ve Yontemler: 28 BALB/c fare 4 gruba ayrildi; Grup I (Astumli anne grubu), Grup II (Kontrol
anne grubu), Grup III (Astimli annelerden dogan yavru grubu) ve Grup IV (Kontrol grubundan do-
gan yavru grubu). Grup I'deki fareler ovalbumin ile duyarhlagtirildi ve Grup IT'deki farelere salin
verildi. Anneler ve 1 giinlitkk yavru fareler sakrifiye edildi ve tiim gruplarin havayolu histopatolo-
jileri 1s1k ve elektron mikroskopi kullanilarak degerlendirildi. Bulgular: Astimli anne fare grubu
(Grup I), kontrol grubu (Grup II) ile karsilagtirildiginda epitel, bazal membran ve subepitelyal diiz
kas kalinliklar1 dahil tiim histopatolojik parametreler 6nemli oranda yiiksek bulundu (sirasi ile p=
0.000, p=0.000, p=0.000). Grup III ve IV birbiri ile kargilagtirildiginda ise, astimli anne yavrularin-
da epitel, bazal membran ve subepitelyal diiz kas kalinliklarinin 6nemli oranda yiiksek oldugu go-
riildii (sirast ile p= 0.000, p= 0.000, p= 0.000). Sonug: Bu ¢alismanin sonuglari, akcigerdeki yapisal
degisikliklerin astimli anne bebeklerinde prenatal donemde baslayabilecegini disiindiirmektedir.
Astiml1 annelerin ¢ocuklarinda akcigerdeki histopatolojik degisiklikleri, bu degisiklikleri etkileyen
faktorleri ve bu degisikliklerin kalic1 veya gecici oldugunu belirleyecek ileri arastirmalara ihtiyag
vardir.

Anahtar Kelimeler: Astim; hayvanlar, yenidogan; patoloji; akciger
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sthma is a respiratory disorder with origins
Ain early life.!> The origins of asthma in

early life suggest that prenatal events may
influence susceptibility to allergic airway disease.!*
Pathogenic mechanisms include roles for genetic
susceptibility as well as exposure to environmental
factors.'*® Epidemiologic studies have identified an
increased risk for asthma in children of asthmatic
mothers, but the mechanism for this effect has not

been well characterized.’!!

Potential pathophysiological mechanisms in-
clude perinatal transfer of maternal mediators
such as cytokines, across placenta or via breast
milk.’? Such mediators may polarize the new-
born’s immune system, increasing its susceptibi-
lity to develop asthma by skewing immune
reactions towards a pro-allergic Th2-driven res-

ponse, to an even greater extent than is normally
found.'3!*

In the current study, we investigated whether
the offspring of asthmatic mother mice (sensitized
and repeatedly exposed to ovalbumin (OVA) Ag)
showed any histopathologic changes of the lung in
the newborn period (First day of life).

I MATERIAL AND METHODS

EXPERIMENTAL ANIMALS

Pathogen free, 10-12 week-old, female and male
BALB/c mice, weighing 25 to 30 g, were purchased
from Bornova Veterinary Control and Research
Institute (Izmir, Turkey) and maintained in a pat-
hogen-free laboratory of Dokuz Eyliil University.
They were kept in hygenic macrolene cages and in
air-conditioned rooms at a 12 hour light/12 hour
dark cycle. The offsprings of female mice which
were 1-day-old were kept with their mothers. The
Animal Ethics Committee of the Dokuz Eyliil Uni-
versity approved the experimental procedures, and
the maintenance of animals was in accordance with
institutional guidelines.

STUDY GROUPS

28 mice were divided into 4 groups: Group I (Ast-
hmatic mother mice), Group II (Control group,
mother mice), Group III (Babies from asthmatic
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mice) and Group IV (Babies from control group),
each group including 7 mice.

SENSITIZATION AND INHALATIONAL EXPOSURE

BALB/c mice are high responders to ovalbumin.”
The female mice in Group I were sensitized via two
intraperitoneal injections, on days 0 and 14 of the
experiment, of 10 pg/0.1 mL chicken egg albumin
(OVA, grade V, >98% pure; Sigma, St. Louis, MO,
USA) with alum as an adjuvant. The mice in Gro-
up I were then exposed to aerosolized OVA for 30
minutes per day on 3 days of the week for 8 weeks
beginning from the 21st day of the study. The mi-
ce in the control group (Group II) received normal
saline with alum intraperitoneally on days 0 and 14
of the experiment and aerosolized saline without
alum for 30 minutes per day on 3 days of the week
for 8 weeks beginning from the 21st day of the
study.!®1” Exposures were carried out in a whole
body inhalation exposure system. Temperature and
relative humidity were maintained at 20-25°C and
40-60% respectively. A solution of 2.5% OVA in
normal saline was aerosolised by delivery of com-
pressed air to a sidestream jet nebuliser and injec-
ted into a chamber. The aerosol generated by this
nebuliser comprised >80% particles with a diame-
ter of <4 pm. Particle concentration was maintai-
ned in the range of 10-20 mg/mm?3.'® Immediately
after the last aerosol exposure, the female mice
(Group I and II) were placed in cages with male mi-
ce to allow mating. At day 15 of pregnancy, mice
in Group [ were further exposed to an aerosol chal-
lenge of OVA for each of 3 consecutive days. The
schematic summary of the experimental protocol
were given in Figure 1.

Y Eratoy T TR T

FIGURE 1: Schematic summary of the experimental protocol. BALB/c female
mice received intraperitoneal (ip) injections of OVA (10 ug) and alum (1 mg)
at 0 and 14 days and were exposed to aerosols of OVA (2.5%) for 30 min-
utes on 3 consecutive days at 3-10 weeks, followed by mating. At day 15 of
pregnancy, mice in Group | were further exposed to an aerosol challenge of
OVA for each of 3 consecutive days. Babies from asthmatic mother mice
were sacrified one day after birth and histopathological analysis were done.
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The mothers and baby mice were sacrificed by
an overdose of ketamin 24 hours after birth and hi-
stopathological specimens were collected. Two in-
vestigators ~who  were interpreting the
histopathology were blinded to the treatment gro-
ups. Samples were fixed in 10% formaline for light
microscopic evaluation. After overnight fixation, the
longitudinally oriented a horizontal slice (bu ifade-
de bir yanlighk var) from the mid zone of the left
lung was embedded in paraffin. Serial sections of 5
pm were stained with Toluidine Blue (for routine
histopathological examination). Photomicrographs
were taken by JVC TK-890-E camera (Japan) which
was adapted on Olympus BH-2 RFCA model micros-
cope (Olympus Optical Co. Ltd, Tokyo, Japan). Blind
histological analysis was carried out with UTHSCSA
Image Tool for Windows Version 3.00 software
(http://ddsdx.uthscsa.edu/dig/itdesc.html/; provided
in the public domain by the University of Texas He-
alth Sciences Center San Antonio, TX) after the ima-
ges were transferred from a light microscope onto a

computer.

Samples were fixed in 2.5 % glutaraldehyde for
electron microscopic evaluation. Tissues were em-
bedded in EPON after follow-up process of elect-
ron microscopic evaluation. Respiratory tracts were
marked from the semithin sections. Ultrathin sec-
tions were stained with uraniyl acetate and lead
citrate. Libra 120 Carl Zeiss electron microscope
(Oberkochen, Germany) was used for this evalua-

tion. Photomicrographs were taken by JVC TK-
890-E camera. Basal membrane thicknesses of sam-
ples of the respiratory epitelium were examined
with electron microscopy by using ITEM version
5.0 (Olympus Soft Imaging Solutions Gmbh Copy-
right © 1986-2007) program.

Statistical analysis

SPSS 11 package program was used in the statisti-
cal analysis. All results were presented as mean+SD
from the number of experiments indicated. For all
histopathologic parameters differences between
the four groups were determined by the Kruskal-
Wallis. Differences between 2 groups were analy-
zed by the Mann-Whitney U test. A p< 0.05 was
considered statistically significant.

I RESULTS

When compared with the control mother group
(Group II), the asthmatic mother mice group (Gro-
up I) had significantly increased thicknesses of
epithelium, basement membrane and subepitheli-
al smooth muscle layers (p= 0.000, p= 0.000, p=
0.000 respectively). These results revealed that the
asthma model was successfully established. Table 1
presents the meantSD, range and p values of his-
topathologic parameters evaluated.

When histopathologic parameters of babies
from asthmatic mother mice (Group III) were com-
pared with the babies from control mother mice

TABLE 1: Comparison between histopathologic parameters of asthmatic mother mice and control mother mice.
Asthmatic mother group Control mother group
(Group 1) (Group 1)
Mean + SD Mean + SD
(Range) (Range)
(n:7) (n:7) p value
Basement membrane thickness (nm) 1244.95 + 400.69 777.60 + 330.25
(734.45-2172.7) (353.61-1668.29) 0.000
Epithelium thickness (um)
2437+ 3.48 1859+ 1.8
(19.1-29.29) (14-21.5) 0.000
Subepithelial smooth muscle layer thickness (um) 8.89+1.78 595+ 1.75
(5.3-12.23) (2.65-8.95) 0.000
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TABLE 2: Comparison between histopathologic parameters of babies from asthmatic mother mice and control mother mice.
Babies of asthmatic mother group Babies from Control mother group
(Group 1ll) (Group IV)
Mean + SD Mean + SD
(Range) (Range)
(n:7) (n:7) p value
Basement membrane thickness (nm) 1384.5 + 360.5 509.14 + 116.67
(820.75-2030.6) (335.2-845.4) 0.000
Epithelium thickness (pm) 14.68 +2.53 10.52 +2.05
(9.46-20.54) (7.85-16.55) 0.000
Subepithelial smooth muscle layer thickness {um) 6.72+1.16 466+ 0.77
(4.48-9.15) (3.55- 6.56) 0.000

(group 1V), Group IV had statistically significant
increase in the thicknesses of epithelium, basement
membrane and subepithelial smooth muscle layers
(p=0.000, p=0.000, p= 0.000 respectively). The me-
antSD, range and p values of histopathologic para-
meters evaluated were given in Table 2.

Light and electron microscopic findings of the
lung (group III and IV) were shown in Figure 2.

I DISCUSSION

Epidemiologic studies have identified an in-
creased risk for asthma in children of asthmatic
mothers.®!! This study sought to test the hypothe-
sis that a child from an asthmatic mother can have
increased susceptibility to develop allergic asthma
and the remodeling process in children from asth-
matic mothers may begin in the prenatal period.
We used a mouse model of asthma, in which air-
way hyperresponsiveness, allergic pulmonary inf-
lammation and remodeling were seen after
sensitization and aerosol challenge with the aller-
gen OVA. The results of this study did indeed
show structural changes of the lung in the offs-
pring of asthmatic (but not normal) mother mice.
The data provide the direct demonstration that
transfer of asthma susceptibility can occur in this
model.

There is evidence that immune system chan-
ges in utero or in early postnatal life can cause per-
sistent or significant alterations in allergic
susceptibility. These studies include ideas of syste-
mic maternal-mediated skewing of fetal and early
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neonatal immunity toward Th 2 responses such as
the requirement for a successful pregnancy of in-
creased Th2/Th1 cytokines ratio, the demonstrated
synthesis of Th2 cytokines at the placental interfa-
ce, and the observation of increased production of
Th2 cytokines by fetal or neonatal T cells.!*1720 The
current study suggested that histopathologic chan-
ges of the lung in the babies of asthmatic mothers
had begun in the prenatal period and that they had
significantly increased thickness of epithelium, ba-
sement membrane and subepithelial smooth musc-
le in their first day of life when compared with the
control group.

There were some limitations of the study such
as the lack of evaluation of cytokine levels which
have an important role in asthma pathogenesis,
small number of animals used (possibility that type
1 and type 2 errors may exist) and the results fo-
und in our study may not translate to positive fin-
dings in human clinical trials. Also, there is no
follow-up period to see if histopathologic changes
of babies from asthmatic mothers are perma-
nent.

In conclusion, the results of the current study
suggested that histopathologic changes of baby mi-
ce which were born from asthmatic mothers might
begin in the prenatal period and that they had in-
creased thickness of epithelium, basement mem-
brane and subepithelial smooth muscle in thier first
day of life. Further studies are needed to evaluate
the histopathologic changes of the lung in babies
of asthmatic mothers.
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FIGURE 2: Light and electron microscopic views of the airways (Group Ill and IV).

A (Group IV): In babies from control mother group, light microscopic findings showed that respiratory epithelium (arrows) was regular. Blood vessels (Bv) and
peribronchial lung parencyma (*) was seen as normal. Smooth muscle layer (Sm), airways (Av). [stained with Toluidine Blue, maginification: X66 (132 for small
figures)].

B (Group lll): In babies from asthmatic mother group, light microscopic findings revealed irregular respiratory epithelium. Thicknesses of epithelium, smooth mus-
cle (Sm) (which were point out with arrows) and basement membrane (*) were increased. Basement membrane under the respiratory epithelium (Ep) with cilia
(C) and serous cell (Se) with secretion granules were seen. [stained with Toluidine Blue, maginification: X66 (132 for small figures))].

C (Group IV): In electron microscopic findings of babies from control mother group, epithelium (Ep) with cilia (C) and serous cell (Se) with secretion granules
were seen as normal. Basement membrane (*). (stained with uranyl acetate-lead citrate, maginification: X12,500).

D (Group lll): In electron microscopy of babies from asthmatic mothers, apical cytoplasm of epithelial cells (Ep) were full with secretory granules (Se). Base-
ment membrane integrity (*) was not disrupted. Ciliary structure (C). (stained with uranyl acetate-lead citrate, maginification: X12,500).
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