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Histopathologic Changes of the
Lung in Newborn Mice Born from

Asthmatic Mothers

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  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. MMaatteerriiaall  aanndd
MMeetthhooddss:: 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. RReessuullttss:: 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).
CCoonncclluussiioonn::  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.

KKeeyy  WWoorrddss::  Asthma; animals; newborn; pathology; lung

ÖÖZZEETT  AAmmaaçç::  As tım ha ya tın er ken dö nem le rin de baş lar. An ne de as tım var lı ğı önem li bir risk fak -
tö rü dür an cak bu et ki nin me ka niz ma sı ha len bi lin me mek te dir. Bu ça lış ma nın ama cı as tım lı an ne -
ler den do ğan ye ni do ğan fa re le rin ak ci ğer le rin de ki his to pa to lo jik de ği şik lik le ri de ğer len dir mek tir.
GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: 28 BALB/c fa re 4 gru ba ay rıl dı; Grup I (As tım lı an ne gru bu), Grup II (Kon trol
an ne gru bu), Grup III (As tım lı an ne ler den do ğan yav ru gru bu) ve Grup IV (Kon trol gru bun dan do -
ğan yav ru gru bu). Grup I’ de ki fa re ler oval bu min ile du yar lı laş tı rıl dı ve Grup II’ de ki fa re le re sa lin
ve ril di. An ne ler ve 1 gün lük yav ru fa re ler sak ri fi ye edil di ve tüm grup la rın ha va yo lu his to pa to lo -
ji le ri ışık ve elek tron mik ros ko pi kul la nı la rak de ğer len di ril di. BBuull  gguu  llaarr:: As tım lı an ne fa re gru bu
(Grup I), kon trol gru bu (Grup II) ile kar şı laş tı rıl dı ğın da epi tel, ba zal mem bran ve su be pi tel yal düz
kas ka lın lık la rı da hil tüm his to pa to lo jik pa ra met re ler  önem li oran da yük sek bu lun du (sı ra sı ile p=
0.000, p= 0.000, p= 0.000). Grup III ve IV bir bi ri ile kar şı laş tı rıl dı ğın da ise, as tım lı an ne yav ru la rın -
da epi tel, ba zal mem bran ve su be pi tel yal düz kas ka lın lık la rı nın önem li oran da yük sek ol du ğu gö -
rül dü (sı ra sı ile p= 0.000, p= 0.000, p= 0.000). SSoo  nnuuçç::  Bu ça lış ma nın so nuç la rı, ak ci ğer de ki ya pı sal
de ği şik lik le rin as tım lı an ne be bek le rin de pre na tal dö nem de baş laya bi le ce ği ni dü şün dür mek te dir.
As tım lı an ne le rin ço cuk la rın da ak ci ğer de ki his to pa to lo jik de ği şik lik le ri, bu de ği şik lik le ri et ki le yen
fak tör le ri ve bu de ği şik lik le rin ka lı cı ve ya ge çi ci ol du ğu nu be lir le ye cek ile ri araş tır ma la ra ih ti yaç
var dır. 
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st hma is a res pi ra tory di sor der with ori gins
in early li fe.1-5 The ori gins of ast hma in
early li fe sug gest that pre na tal events may

inf lu en ce sus cep ti bi lity to al ler gic air way di se a se.1,4

Pat ho ge nic mec ha nisms inc lu de ro les for ge ne tic
sus cep ti bi lity as well as ex po su re to en vi ron men tal
fac tors.1,6-8 Epi de mi o lo gic stu di es ha ve iden ti fi ed an
in cre a sed risk for ast hma in chil dren of ast hma tic
mot hers, but the mec ha nism for this ef fect has not
be en well cha rac te ri zed.9-11

Po ten ti al pat hoph ysi o lo gi cal mec ha nisms in-
c lu de pe ri na tal trans fer of ma ter nal me di a tors
such as cyto ki nes, ac ross pla cen ta or vi a bre ast
milk.12 Such me di a tors may po la ri ze the new-
born’s im mu ne system, in cre a sing its sus cep ti bi -
lity to de ve lop ast hma by ske wing im mu ne
re ac ti ons to wards a pro-al ler gic Th2-dri ven res-
pon se, to an even gre a ter ex tent than is nor mally
fo und.13,14

In the cur rent study, we in ves ti ga ted whet her
the offs pring of ast hma tic mot her mi ce (sen si ti zed
and re pe a tedly ex po sed to oval bu min (OVA) Ag)
sho wed any his to pat ho lo gic chan ges of the lung in
the new born pe ri od (First day of li fe).

MA TE RI AL AND MET HODS

EX PE RI MEN TAL ANI MALS

Pat ho gen fre e, 10-12 we ek-old, fe ma le and ma le
BALB/c mi ce, we ig hing 25 to 30 g, we re purc ha sed
from Bor no va Ve te ri nary Con trol and Re se arch
Ins ti tu te (İzmir, Tur key) and ma in ta i ned in a pat-
ho gen-fre e la bo ra tory of Do kuz Ey lül Uni ver sity.
They we re kept in hyge nic mac ro le ne ca ges and in
air-con di ti o ned ro oms at a 12 ho ur light/12 ho ur
dark cycle. The offs prings of fe ma le mi ce which
we re 1-day-old we re kept with the ir mot hers. The
Ani mal Et hics Com mit te e of the Do kuz Ey lül Uni-
ver sity ap pro ved the ex pe ri men tal pro ce du res, and
the ma in te nan ce of ani mals was in ac cor dan ce with
ins ti tu ti o nal gu i de li nes.

STUDY GRO UPS

28 mi ce we re di vi ded in to 4 gro ups: Gro up I (Ast -
hma tic mot her mi ce), Gro up II (Con trol gro up,
mot her mi ce), Gro up III (Ba bi es from ast hma tic

mi ce) and Gro up IV (Ba bi es from con trol gro up),
each gro up inc lu ding 7 mi ce.  

SEN SI TI ZA TI ON AND IN HA LA TI O NAL EX PO SU RE

BALB/c mi ce are high res pon ders to oval bu min.15

The fe ma le mi ce in Gro up I we re sen si ti zed vi a two
in tra pe ri to ne al in jec ti ons, on days 0 and 14 of the
ex pe ri ment, of 10 µg/0.1 mL chic ken egg al bu min
(OVA, gra de V, ≥98% pu re; Sig ma, St. Lo u is, MO,
USA) with alum as an ad ju vant. The mi ce in Gro -
up I we re then ex po sed to ae ro so li zed OVA for 30
mi nu tes per day on 3 days of the we ek for 8 we eks
be gin ning from the 21st day of the study. The mi -
ce in the con trol gro up (Gro up II) re ce i ved nor mal
sa li ne with alum in tra pe ri to ne ally on days 0 and 14
of the ex pe ri ment and ae ro so li zed sa li ne wit ho ut
alum for 30 mi nu tes per day on 3 days of the we ek
for 8 we eks be gin ning from the 21st day of the
study.16,17 Ex po su res we re car ri ed out in a who le
body in ha la ti on ex po su re system. Tem pe ra tu re and
re la ti ve hu mi dity we re ma in ta i ned at 20-25°C and
40-60% res pec ti vely. A so lu ti on of 2.5% OVA in
nor mal sa li ne was ae ro so li sed by de li very of com-
pres sed air to a si des tre am jet ne bu li ser and in jec -
ted in to a cham ber. The ae ro sol ge ne ra ted by this
ne bu li ser com pri sed >80% par tic les with a di a me -
ter of <4 µm. Par tic le con cen tra ti on was ma in ta i -
ned in the ran ge of 10-20 mg/mm3.16 Im me di a tely
af ter the last ae ro sol ex po su re, the fe ma le mi ce
(Gro up I and II) we re pla ced in ca ges with ma le mi -
ce to al low ma ting. At day 15 of preg nancy,  mi ce
in Gro up I we re furt her ex po sed to an ae ro sol chal-
len ge of OVA for each of 3 con se cu ti ve days.  The
sche ma tic sum mary of the ex pe ri men tal pro to col
we re gi ven in Fi gu re 1.
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FIGURE 1: Schematic summary of the experimental protocol. BALB/c female
mice received intraperitoneal (ip) injections of OVA (10 µg) 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 I 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 mot hers and baby mi ce we re sac ri fi ced by
an over do se of ke ta min 24 ho urs af ter birth and hi-
s to pat ho lo gi cal spe ci mens we re col lec ted. Two in-
ves ti ga tors who we re in ter pre ting the
his to pat ho logy we re blin ded to the tre at ment gro-
ups. Samp les we re fi xed in 10% for ma li ne for light
mic ros co pic eva lu a ti on. Af ter over night fi xa ti on, the
lon gi tu di nally ori en ted a ho ri zon tal sli ce (bu ifa de -
de bir yan lış lık var) from the mid zo ne of the left
lung was em bed ded in pa raf fin. Se ri al sec ti ons of 5
µm we re sta i ned with To lu i di ne Blu e  (for ro u ti ne
his to pat ho lo gi cal exa mi na ti on). Pho to mic rog raphs
we re ta ken by JVC TK-890-E ca me ra (Ja pan) which
was adap ted on Oly mpus BH-2 RFCA mo del mic ros-
co pe (Oly mpus Op ti cal Co. Ltd, Tok yo, Ja pan). Blind
his to lo gi cal analy sis was car ri ed out with UTHS CSA
Ima ge To ol for Win dows Ver si on 3.00 soft wa re
(http://ddsdx.uths csa.edu/dig/it desc.html/; pro vi ded
in the pub lic do ma in by the Uni ver sity of Te xas He-
alth Sci en ces Cen ter San An to ni o, TX) af ter the ima-
ges we re trans fer red from a light mic ros co pe on to a
com pu ter.

Samp les we re fi xed in 2.5 % glu ta ral dehy de for
elec tron mic ros co pic eva lu a ti on. Tis su es we re em-
bed ded in EPON af ter fol low-up pro cess of elec t-
ron mic ros co pic eva lu a ti on. Res pi ra tory tracts we re
mar ked from the se mit hin sec ti ons. Ul trat hin sec-
ti ons we re sta i ned with ura niyl ace ta te and le ad
cit ra te. Lib ra 120 Carl Ze iss elec tron mic ros co pe
(Ober koc hen, Ger many) was used for this eva lu a -

ti on. Pho to mic rog raphs we re ta ken by JVC TK-
890-E ca me ra. Ba sal mem bra ne thick nes ses of sam-
p les of the res pi ra tory epi te li um we re exa mi ned
with elec tron mic ros copy by using ITEM ver si on
5.0 (Oly mpus Soft Ima ging So lu ti ons Gmbh Cop y-
right © 1986-2007) prog ram. 

Sta tis ti cal analy sis

SPSS 11 pac ka ge prog ram was used in the sta tis ti -
cal analy sis. All re sults we re pre sen ted as me an±SD
from the num ber of ex pe ri ments in di ca ted.  For all
his to pat ho lo gic pa ra me ters dif fe ren ces bet we en
the fo ur gro ups we re de ter mi ned by the Krus kal-
Wal lis. Dif fe ren ces bet we en 2 gro ups we re analy-
zed by the Mann-Whit ney U test.  A p< 0.05 was
con si de red sta tis ti cally sig ni fi cant.

RE SULTS

When com pa red with the con trol mot her gro up
(Gro up II), the ast hma tic mot her mi ce gro up (Gro -
up I) had sig ni fi cantly in cre a sed thick nes ses of
epit he li um, ba se ment mem bra ne and su be pit he li -
al smo oth musc le la yers (p= 0.000, p= 0.000, p=
0.000 res pec ti vely). The se re sults re ve a led that the
ast hma mo del was suc cess fully es tab lis hed. Tab le 1
pre sents the me an±SD, ran ge and p va lu es of his -
to pat ho lo gic pa ra me ters eva lu a ted.

When his to pat ho lo gic pa ra me ters of ba bi es
from ast hma tic mot her mi ce (Gro up II I) we re com-
pa red with the ba bi es from con trol mot her mi ce

Asthmatic mother group Control mother group
(Group I) (Group II)

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 (µm)
24.37 ± 3.48 18.59 ± 1.8
(19.1-29.29) (14-21.5) 0.000

Subepithelial smooth muscle layer thickness (µm) 8.89 ± 1.78 5.95 ± 1.75
(5.3-12.23) (2.65-8.95) 0.000

TABLE 1: Comparison between histopathologic parameters of asthmatic mother mice and control mother mice.
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(gro up IV), Gro up IV had sta tis ti cally sig ni fi cant
in cre a se in the thick nes ses of epit he li um, ba se ment
mem bra ne and su be pit he li al smo oth musc le la yers
(p= 0.000, p= 0.000, p= 0.000 res pec ti vely). The me -
an±SD, ran ge and p va lu es of his to pat ho lo gic pa ra -
me ters eva lu a ted we re gi ven in Tab le 2.

Light and elec tron mic ros co pic fin dings of the
lung (gro up III and IV) we re shown in Fi gu re 2. 

DIS CUS SI ON

Epi de mi o lo gic stu di es ha ve iden ti fi ed an in-
cre a sed risk for ast hma in chil dren of ast hma tic
mot hers.9-11 This study so ught to test the hypot he -
sis that a child from an ast hma tic mot her can ha ve
in cre a sed sus cep ti bi lity to de ve lop al ler gic ast hma
and the re mo de ling pro cess in chil dren from ast h-
ma tic mot hers may be gin in the pre na tal pe ri od.
We used a mo u se mo del of ast hma, in which air-
way hyper res pon si ve ness, al ler gic pul mo nary inf -
lam ma ti on and re mo de ling we re se en af ter
sen si ti za ti on and ae ro sol chal len ge with the al ler -
gen OVA. The re sults of this study did in de ed
show struc tu ral chan ges of the lung in the offs-
pring of ast hma tic (but not nor mal) mot her mi ce.
The da ta pro vi de the di rect de mons tra ti on that
trans fer of ast hma sus cep ti bi lity can oc cur in this
mo del.

The re is evi den ce that im mu ne system chan-
ges in ute ro or in early post na tal li fe can ca u se per-
sis tent or sig ni fi cant al te ra ti ons in al ler gic
sus cep ti bi lity. The se stu di es inc lu de ide as of syste-
mic ma ter nal-me di a ted ske wing of fe tal and early

ne o na tal im mu nity to ward Th 2 res pon ses such as
the re qu i re ment for a suc cess ful preg nancy of in-
cre a sed Th2 ⁄ Th1 cyto ki nes ra ti o, the de mons tra ted
synthe sis of Th2 cyto ki nes at the pla cen tal in ter fa -
ce, and the ob ser va ti on of in cre a sed pro duc ti on of
Th2 cyto ki nes by fe tal or ne o na tal T cells.13,17-20 The
cur rent study sug ges ted that his to pat ho lo gic chan-
ges of the lung in the ba bi es of ast hma tic mot hers
had be gun in the pre na tal pe ri od and that they had
sig ni fi cantly in cre a sed thick ness of epit he li um, ba-
se ment mem bra ne and su be pit he li al smo oth musc -
le in the ir first day of li fe when com pa red with the
con trol gro up.

The re we re so me li mi ta ti ons of the study such
as the lack of eva lu a ti on of cyto ki ne le vels which
ha ve an im por tant ro le in ast hma pat ho ge ne sis,
small num ber of ani mals used (pos si bi lity that type
1 and type 2 er rors may exist) and the re sults fo -
und in our study may not trans la te to po si ti ve fin-
dings in hu man cli ni cal tri als. Al so, the re is no
fol low-up pe ri od to se e if  his to pat ho lo gic chan ges
of ba bi es from ast hma tic mot hers are per ma -
nent.

In conc lu si on, the re sults of the cur rent study
sug ges ted that his to pat ho lo gic chan ges of  baby mi -
ce which we re born from ast hma tic mot hers might
be gin in the pre na tal pe ri od and that they had in-
cre a sed thick ness of epit he li um, ba se ment mem-
bra ne and su be pit he li al smo oth musc le in thi er first
day of li fe. Furt her stu di es are ne e ded to eva lu a te
the his to pat ho lo gic chan ges of the lung in ba bi es
of ast hma tic mot hers.

Babies of asthmatic mother group Babies from Control mother group
(Group III) (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 (µm) 14.68 ± 2.53 10.52 ± 2.05

(9.46-20.54) (7.85-16.55) 0.000

Subepithelial smooth muscle layer thickness (µm) 6.72 ± 1.16 4.66 ± 0.77

(4.48-9.15) (3.55- 6.56) 0.000

TABLE 2: Comparison between histopathologic parameters of babies from asthmatic mother mice and control mother mice.
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FIGURE 2: Light and electron microscopic views of the airways (Group III  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 III): 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 III): 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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