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Histochemical and electron microscopical study on the tracheal
development in fetuses and neonates of Korean native goats
1. Light microscopic, scanning and transmission electron
microscopical studies

Chong-sup Kim

College of Veterinary Medicine, Gyeongsang National University
Institute of Animal Medicine
(Received Aug 17, 1996)

Abstract : The development of trachea in fetuses on 60, 90 and 120 days of gestation and
neonates of Korean native goats was investigated by microscopy and scanning and transmission
electron microscopy. The results were summarized as follows;

Light microscopic studies:

1. In the 60-day-old fetuses, the tracheal walls were differentiated and divided into four layers
of the mucosa, submucosa, muscle and cartilage, and adventitia. The tracheal epithelium is
composed of stratified ciliated columnar epithelium at 60- and 90-day-old fetuses while the
epithelium observed at 120-day-old fetuses was pseudostraified ciliated colummar epithelium.

2. In the 90-day-old fetuses, tracheal glands extended into the submucosa and peripheral area
of the tracheal cartilage. The blood vessels were observed in the submucosa and adventitia. The
elastic and collagenous fibers were observed in the tracheal walls.

3. In the neonates, the tracheal walls consisted of mucosa with well-developed folds, submucosa,
tracheal glands, muscle and cartilage, collagenous and elastic fibers, and adventitia, which were
more developed than those of 120-day-old fetuses. The tracheal epithelium was developed as that in
adults.
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Scanning electron microscopic studies:

4. In the 60-day-old fetuses, most of tracheal epithelial cells were nonciliated but short
microvilli were sporadically observed on the luminal surface. On rare occasions, a few cells have
solitary cilium.

5. In the 90-day-old fetuses, the ciliated cells appeared increasingly and cilia elongated longer
than those of 60-day-old fetuses.

6. In the 120-day-old fetuses, the nonciliated cells covered with microvilli in dome-shape were
barriered by thick carpet of cilia. The nonciliated celis also have many papillary projectons on
the apical surface.

7. In the neonates, the nonciliated cells in tracheal epithelium were covered compactly with
numerous cilia, and many secretory droplets were found on the cilia.

Transmission electron microscopic studies:

8. In the 60-day-old fetuses, nonciliated cells of the tracheal epithelium contain large amounts
of glycogen granules in the supernuclear and subnuclear areas meanwhile a few cell organelles
were formed. Cilia were well formed along the apical cell membranes of the ciliated cells. Also
found in the ciliated cells were basal corpuscles, mitochondria and short chains in granular
endoplasmic reticulum(GER). Between the epithelial cells presented were well-defined junctional
complex with zonula occludens and desmosomes. The nuclei were variable in size and shape.
The more developed nucleoli were observed conspicuosly.

9. In the 90-day-old fetuses, nonciliated cells contained large glycogen granules. Accumulated
glycogen granules were observed in the subnuclear and supranuclear portion of the cytoplasm. A
few short microvilli were covered with glycocalyx. Ciliated cells contained numerous
mitochondria and short chains of GER.

10. In the 120-day-old fetuses, the ciliated cells contained numerous mitochondria, abundant
short chains of GER and nucleoli. Nonciliated cells contained some Golgi complex and
mitochondria. The cell borders were well-defined and distinct junctional complex with zonula
occludens, desmosomes, and interdigitorum.

11. In the neonates, well-developed goblet cells were observed in the tracheal epithelium.
Ultrastructures of ciliated and nonciliated cells on the tracheal epithelia were similar in pattern as

those in adults.

Key words : Korean native goat, trachea, development.

o

M B

TEY /AT WIE FE HEY stan @y
GEO02 EE /MANRTALE RH AL 3715
o] F ATl % YdY FVNFEE AxF-F1 Y,
a7ldl= w7, #9 F(nasopharynx), FF(larynx), 7| %
(trachea), 7| 32|, N7 &R So] L= 7#He ¥

T 71 A Ao)o} FIAERE FA Y FFEY
#4502 Mo € =4, wrEAEAd
(tube)2 24 Eol Wiz R o EAjsty [ ¥
2 AR zd, 24 2 4%, vhd o (adventitia) 5 9]
FoR FAH g

F&9 7l ¥(rachea)oll 3 ez AtE vhs-
2% RESY Z1E B 8 L g 8 )9 wAS g

AR GNE, Qo™ g Ao gigh Bagt glo

e

o

- 88 -



o QAAZER QAN 2% % PV gE »
7k Qi

Smith et al*& v}&A PT, B7|, $o}x L Alidg
Z2A71AA Y Claras] £of thabed 238 v} 9l 1, Ga-
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LFANZ HEZAEE SEA 28894 7189
W A9e] Y73E ¥ W(luminal surface} § 1 5.0
, HEE e 2HE FEGoHFig 1, 3). AUz
o] 2L, 23S A0 A2 MY #
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3} §(glycogen granules)o] Wo| 2o 91, A XA H
o & Ao, vAEEI} EoF AN, HAEAO]E
49l ¥ 41 (zonula occludens)t - Z-1H(desmosome)] &
&ol AUTHFigs 17, 18). o} R FURYLE 1~
249 BYFG de A= YR, EAE YR
AATHFig 17). 90U = o} 7@ HHNEZAEE g7
gt njAFEIF 2ok AR Afde FEE
(glycocalyx)o] @AE oM, & 9-ofgfo] FATFHo
Bo] JAH ] YATHFig 19). AL FURFLE F3jd
AL N, EFAE LYE 3 YNk HEAEE
AtgAlel P AU AT 71 BolHom HEE ZA
sl Z]A A7 & BEHY YU QAT AEA}
olof = A XAt AH Y FAukal #HHu]s} S I3
CHFig 19). 1204% o} 7|29 HHRAZE Hol
FUEFR $9l€ 2ol IAE 4l BgAd 244
£ 1 e AR e, dade #2H X
B3, A, Fd8INAG Fol B Ho Az
&7}t 2 A E A}o] A (digitiform  intercellular  junction)o)
T o] ASATHFigs 20, 21). HEMEE H 2 7] HLH
of dgo] Fton, AAgA e AP AUA LY wdo]
53 3k cHFigs 20, 21).

AAol 7jAgT el HENEE ARY 7( A4 T
2ol F9ka, ALY A, &3 & (lysosome), HiH 59
o] it #o ZYL EFAY FURYLE
TR Yo UTHFig 22). 2P EH|HAYHo| FUF HA
% A ¥ (mucous goblet cell)7} 225§} o 9 (Fig 23), Al
Aot 718 FHAEY vy TF2E A& 7|3 Y
vl F2E 2 AU

3

fr 4

A,

A2 O )
o

o

&

il

- 90 -



1}

7) B(trachea) FF9 7] HA Atol9) FI| Ak

50 Jlgde Hu Auwzd 2§ 2 A23

B 5ol 4202 A", 2 AgdA §
kol 604 elote] VA E MY, APz,
2 AFF, g 59 4302 FEEHUG

WEEY ZF(species)) M A FE9
HA %2 A 12 54 ) (pseudostratified  ciliated columnar
epithelium)2 o Qlou} vh-2%9 uta® & i
Y34 E o Qo

McDowell et all"15 & d2EHY 10~12¢9F o} M#
Fae AAFZAFAYE Ho| Ao, 13U H
of 7|#4uE A2 AFATE Ho Ut G
B YA g3 ANEY 6097 o} 71 BH g
T AT YYen ’“EHIEE E%Hl =48
FA9H o

O]
4
m

o
ikl
ol

FU—HJ
B

Ho

MR s

L

%J_, 9[)%_]\1’1 Eﬂo}- 7]_1,},)43‘_]5 ;‘&A
12093 glo} 7| AAHE AAFSAHER %‘7—’6“4% 5ol
31910"4 gol Mg WE o A7 59 Aot
Z2oA dxo2 WMIPHE @S AgdAE &9
F 9E RO2AM o] §7& 60UH AFE oty A
490 A4t FELFAIolId Ao] 9047 Blofel
A gEE @34FAYR Ha 12098 o=
G AFANZ o)d ol gty FPod
578 60 2 90U AtFejo} AFHLAAAE Foo
4% 2= FFYFAIE Ho Yo 1209%
ol e BEF BEUF AR ol YA st
McDowell ez al"* & 1098 @~H o} 7]|Baa=
%9 Fol: TEH] WEHAEG E}T L e
2 AL WEd 49Eg SZ2UAE S 9
1, &% E"i“-"q FURGeIR o MEH 4 A
s}

=
R

&£ f2 oo
:g

713 (tracheal glands)& EHAF ZRE AHR AT
2% $02 A2do B} Sl BxAe Foino
Al (seromucous glands)eldl] 1 YFE= A RA o] ¥
I BE FAE FRAEE ARAE, JARHHE

9 o7t 7489 AXEo|”. 12lu} Pack et al’
& ol s Jl@des AUl gntu sged

Plopper et al= 709 % H%5o] ol 71 oA Huhd A
o) wra A 27} Rtk 3+ a, Alcom er al®S 959
%o go} 212l Hegdo] BAHUTT 3
o 2 AgdA @S 09 Hool e 28R
gtort 9093 doto e wWol dsHTt 71HY

A EAAQ e Qi—é—?ltﬂ 52

FEAM AZ CA EE
Zto 2 Hol i, 5%
ol_o_ur ThEe vge @

o
ox
>
rok

U
r&
uk

-4 i
oXx

2 2 rr 2 % 32
o2 X

A5 o) (cartilage rings)’t &
2 dgoMz g 6094 EH b 712
2ol E Cak Lo 470 AFEAE] £¥3F
712U dle dEho] EaHo Ao, 1A
Za7hfe 12709 AFAH L7} o] YAt 90Y
of /1AFFLE CA BFoR FAHT YUY
AFxztEol W H 1 JUMTh

Z(tracheal muscle)2 A& & EEAM NAAFY
= AT Aolol 722 ARslo} Ak BREHG
oz ) Be AA Zolg ek &4, Alom
v af & 609 Fe] Holol H 27 o] FB22)
BAYG Y0, 2 AYANE 097 Fe Ho}

=

r&:

i)

f
rL S
JE ¥R B

lo rir

"

ol

o 7
o 2 rf

i2)

;7H

7]

o,

b

r.l

{0, ol

718 B& J|#AFo] dv Yo NaZel 28
sdged #HEY St o 7]4 & A=z 9
S 9eolAt d3ENT AR 2830 2

o] ATt
Z1gee dH 2HE 2 YA 608 S5
Abek ol 7]@ule Moz 22 HYAEo 58
B2, 904% eololMe ez vz 8
#el wdo] Futh 121 slee ofuw Ay fok @
AR 097 HoldARe vy
o F7tol utet AE HEH T UM
7|8 gl T FALAAE R 4?1 B 1= Porters}
Bonneville’ 7} = 7| @A oA 2}
Qe HARARE EDW} dome’& "]'_T-’ A, o5 H
HEY Fe 7
A Aoz sk CooneySﬂr Chopra ‘= Hobd @AH
ole] 7|FAT A Bl EATAE %
7hek 2 ok uj 4§ B (digitiform microvill)2 A2 €} 1 81
3 Aot 7|2t HEEL T2 micoplicaeE 7}
An oy FFed BARALE 92 microplicaes
17H91 ATAEE S8 ot Q). Alcom ef af®
& 60U F9] efe} I HutM FE HEA
ES’% gaedt §& 7Aw AXe diste AFE v
Qe # AN g efatd 6043 e} 7] HH

Aol M AL BeRd nA§EE 2 v

rEL
=2,
o
rlo
Uit
N
il

ni

- 91 -



EAEsL 28sgoH, AEAXEY HARAEL B
Stedl, o]& Pack et al®o] vhg-29 @A o A v]A
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Legends for figures

Fi

g 1. In 60-day-old fetus, the differentiated and divided mucosa, submucosa(SM), muscle and cartilage(CA) and adventitia(AD) in
the tracheal wall are seen. EP : epithelium, TM : tracheal muscle. Masson's trichrome, X 10.

.
.
.
.
.
.

2. Higher magnification of Fig 1. x 50.

a

g 3. Higher magnification of Fig 1. H-E. x 25.

g 4 and 5. In 90-day-old fetus, tracheal glands(TG) and blood vessels(BV) are seen. Masson's trichrome, X 25.

g 6. In 120-day-old fetus, differentiated tracheal wall is seen. Masson's trichrome, X 50.

g 7 and 8. In neonate, well-developed tracheal walls are seen. Masson's trichrome, X 25.

g 9. In 60-day-old fetus, numerous dome-shaped nonciliated cells (NC) with microvilliMV) and many cilia are seen.
SEM, x 1,500.

Fig 10. In 60-day-old fetus, dome-shaped ciliated cells with solitary cilium(SC) are seen. SEM, X 3,000.

Fig 11. In 60-day-old fetus, many nonciliated cells with microvilli and ciliated cells on the luminal surface of trachea are seen.
SEM, x 3,000.

Fig 12. Higher magnification of Fig 11. SEM, x 6,000.

Fig 13. In 90-day-old fetus, tracheal luminal surface with cilia and microvilli. SEM, X 3,000.

Fig 14. In 120-day-old fetus, many cilia and some nonciliated cells are seen on the tracheal luminal surface. SEM, x 3,000.

Fig 15. In 120-day-old fetus, many papillary projections(PP) and cilia are seen on the tracheal luminal surface. SEM, X 3,000.
Fig 16. In neonate, many cilia(CI) and a nonciliated cell(NC). Many secretory droplets(SD) on the cilia are seen. SEM, x 3,000.

Fig 17. In 60-day-old fetus, nonciliated cells contain large amounts of glycogen, and a few of these cells contain cell organelles.
Ciliated cells contain basal bodies, mitochondria, granular endoplasmic reticulum(GER), Golgi complex(GC) and a few short
microvilliMV). TEM, x 5,100.

Fig 18. In 60-day-old fetus, ciliated cells(CC) have many cilia, and basal corpuscles(BC), nucleus(N), nucleolus(NO), mitochondria
(MT), granular endoplasmic reticulum(GER), and junctional complex with zonula occuludens(ZO) and desmosomes(DE).
TEM, x 11,400.

Fig 19. In 90-day-old fetus, nonciliated cells contain large glycogen granules. A few short microvilli are covered with glycocalyx
(GCA). TEM, X 6,650.

Fig 20. and 21. In 120-day-old fetus, the ciliated cells with projected cilia and a nonciliated cell with digitiform intercellular junction
(DIJ) and stubby microvilli are seen. These cells contain many cell organelles. TEM, X 10,200.

Fig 22. In neonate, ciliated cells contain many cilia, basal bodies, mitochondria and GER. LS : Lysosome. TEM, X 9,100.

Fig 23. In neonate, well-developed mucous goblet cell(MGC) is seen. TEM, X 5,100.
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