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Table 1. Materials used in this study
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No. of cases No. of cases
Gestational subjected for subjected for
age (weeks) observation of measurement of
morphogenesis intestinal length
- 4 3 0
5— & 26 0
9-12 20 0
13 - 16 13 &
17 — 20 45 29
21 — 24 55 32
25— 28 58 21
20 — 32 43 24
33— 36 50 23
37 — 40 33 3
4 = 5 4
Total 351 140
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Table 2. Temporal development of gastrointestinal tract in embryos

Gestational age

Morphogenesis

Histogenesis

{weeks)

4 Short esophagus, Spindle shaped stomach Entodermal layer supported by splanchnic
Midgut opens to yolk sac mesoderm
Gallbladder form

5 Intestinal loop with 90° counter clockwise Blood islands in mesenchy me
Cecum indicated torsion
Cloaca subdividing
Anal pit
Daorsal and ventral pancreas form

i Stomach rotating (45° clockwise) Embryonal connective tissue & developing
Appendiceal diverticulum muscle
Duoedenum occluded Follicular lumen, duodenum
Dorsal & ventral pancreatic primodial

fusion in dorsal mesentery

7 Rectum separated from bladder Intracpithelial vacuole, esophagus
Fancreaticohepatic duct formation Inner circular muscle layvers in foregut &
Esophagzeal lumen oceluded midgut
Intestinal loop herniates into cord
Stomach attaining Tinal shape and

position following 907 rotation [clockwise)
8 Small intestine coiling within cord Auerbach's plexus in gastrointestinal tract

Anal membrang ruptures

Meissner's plexus in esophagus & stomach
Frimodial gastric pit
Duodenal villi developing
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Table 3. Temporal development of gastrointestinal tract in fetuses

o el # Hejabn olp—

Gestational age

(weeks) Morphogenesis Histogenesis
g9 Mucosal folds, esophagus & stomach Longituidinal muscle layer
Entire small intestine lined by villi Active proliferation of submucosal vessel
Esophagus & duodenum patent Villi lined by single layer of columnar cells and
goblet cells
Rectal mucosa contains intragpithelial vacuoles
Meconium, small bowel
10 Intestine reenters coelomic cavity Esophageal epithelium ciliated
1807 rotation of intestine Rectum occluded by epithelial proliferation
Splenic flexure developed Crypts of Liberkuhn developed
Anal canal appearing
11 Hepatic flexure Parietal cell
Colon and rectum lined by villi Large intestinal villi lined by single lavered
columnar cells and goblet cell
Meissner plexus, rectum
12 Rectum patent Gastric glands begin to develop
Muscle layers of gut represented
13— 16 Cecum descended {15 Muscularis mucosa of esophagus (13)
Ganglion cells differentiation in myenteric
plexus (14)
Paneth cells appearing in gut (15)
17 — 20 Muscularis mucosa of stomach {17]
Supertficial gland of esophagus {18)
Brunner's gland {18}
21 — 24 Villi disappeared in rectum (21) Muscularis mucosa of gut (21)
and colon (22) Esophageal mucosa lined by 3 different types
of cells (21)
Lymphoid infiltration (21)
Meissner plexus in gut (21)
Deep esophageal gland [24)
25 — 28 Plica circularis (28] Squamous cells appearing in esophageal
mucosa (28]
29— 32 Lymphaoid follicle, gut
33— 40 Maturity achieved Paneth cell disappeared in large intestine [36)
o3 5.4 2 Fris|gdch, AE e af2 2ala) of Al §h AR ek b Holsb 3] 1240 Fsol] o))
dol2] vli= Table 5ol £43 7t o] of 5. 682 3R (CR=7.82+0.0155140.41 (BW12 r*=u.a4}
s el gl v]EE wolof fdA el A adoh dFe] 1733 k4o e ey o
A o HERE 71T 239 g Aolg 4 Al Aol HER A%l wlaldke] ot pe 2
A multivariate regression analysis® %) # ¢ A5 sdgic)
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Table 4. Mean value of crown-rump length, gestational age,and length of small and large intestines according to the bo-

dy wejght of fetuses

Body weight No.of  CR Length (em)]

Gestational age {weeks)

Small intestine (cm)  Large intestine (cm)

{zm) CASE5

mean + 50 mean = 5D mean = S0 mean + 50
0— 249 26 13.3+1.8 17.72 1.6 778+ 235 12633
250 — 499 22 16.9+ 2.4 21.0 2.2 1137257 19.4 + 4.3
500 — 749 24 206+1.5 24.3 £ 1.6 148.4 + 28.2 28455
750 — 999 16 21,7222 254 222 1732+ 221 3I15+48
1000 — 1249 7 254z 1.4 294 1.6 2236+ 2B.8 399+ 3.0
1250 — 1499 13 27.2+1.8 31.2+1.9 2158+533 3179+95
1500 — 1749 ] 289+1.6 33.1+£1.8 2024 + 483 3587
1750 — 1999 9 286+ 0.9 329+1.3 230.0 + 54.4 40152
2000 — 2249 4 309+ 1.2 350+1,2 2630 £ 14.5 4315+23
2250 — 2499 3 30813 35,0+ 1.4 267,7 £ 481 593+ 160
2500 — 2749 3 33220 37.7+£2.0 2350 + 147 483+ 39
2750 — 2999 2 3p.5+0,5 41.0 = 0.0 223.0 £ 17.0 56.0 £ 1.0
3000 — 3249 3 35 B+ 1.9 39,3+ 1.2 328.3 = 87.8 480 +99
Total 140
Mote : SD : Standard deviation, CR ; Crown-rump
Table 5. Ratlo of length of the small intestine to large in-
testine according to the crown-rump length of - &
fetuses i
Cropump 8t no, of cases  SI/LI ratio stebuiol o efele) b3t whekelalol 4 zhabsl Fa
4 & 35 1 7] 7bel] ofe} Table 6] L4 Flch F F
10 <13 8 5,74 )
5 o gl= e 55EE A e )2 yEl= R
13 <16 29 561 ._.1_9:]‘_ ul] EITT'I.]—}S].-J.LE’I'H ]j‘:a']
19 < 22 28 5.60 Al A wbeulbeke g 9) #AH 7] Alste e 115
22 < 25 16 5.38 270°7ta] & s|e] dabe] §5 Aol HASEH
5 <28 14 5.71 YA ge 670 2ol FH 4ol sl S7hulel A A
o oo 2 o didoz Basget 1056 oA $uE Felzt
1 < 5.35 .
e A o | & [=] ol E. 8] L.
14 <37 6 4.8 o}, Ezt ke WAl a3 e8] E5 e e
2 Fulod 2] Al 235 He|glas], o+ 5—6F Aol
Total 140

Mote @ 51 ; Small intestine, LI ; Large intestine

SI=—33.67+4.14CR+11.62(BW) '3 r=0.622}

LI=5.56+0.76CR+0.007 BW, r*=0.69=]%ct

(S1: &#3o] (em), LI:iZe]lcm), BW: 4
Flgm|, CR: AFaticm))

off gate|eich Fouf4lzbe 55| galalk FEo 23
o] 5 7] Aztsle] gFelv UHe 244 FH FF
#ato] & e ghdd sk $He A2
Shhel zholl M wizde] ababs]n AAubeo R 907
slo] Fg7hute] wiole] a] o fajslnz o £
At e Yot S A3 58, 5-T7F Aelel
sasldel, ol A5l sl 052 sl 2ol A
Bas|7] 4|zl 12798 ZE del4 3
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Tabhle 6. Major events in development of the gastrointestinal tract of human embryos and fetuses

..... - L T

Gastational Weeks
) 5 f 7 a 9 mm 11 12 13 14 15 21 I8

Major events

36 40

Intestinmal loop with
Lorsjon

Physiological herniation
of intestine

Appendiceal anlage and _——
cecal bulging

Cloaca subdivision

Final shape and position
of staomach

Bile stained mecanium —_

in bowel

Plica circularis

Lymphoid aggregation

Table 7. Temporal mucosal change of the gastrointestinal tract in human embryos and fetuses
. —m—

Krs-ger—— ==
Gestational Weeks
Histological features

4 5§ & 7 & D 10 11 1213 14 15 21 28 1316 40

—

Luminal ccclusion
Esophagus
Duodenum
Rectum

VIilli formation

Small bawel

Large bowel

Goblet cell appearance

Small bowel

Large bowel

Parietal cell appearance

Paneth cell appearance
Small bowel

Large bowel

Esophageal mucosa
ciliated columnar cell

mucous secreting cells

squamous cell

2o ol Sal izke] shElee] Al 7~05 Abolod, 4ol

cf, % #Hok FE52 285, F aehddl =g

G0 914 Ibakz|ale) 9)abzle] Fmhao wiely] AR 6~BFol, AR 9~1250] 2HA SPE AT 2
. | | - a4

b Eah oS- ofokgl HELE ¥y ow o|E Table 7o #o] gol sl Wdel As = AT A T F U
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Table 8. The time of initial appearance of the major events observed in the developing gastrointestinal tract

CR length in mm (gestational weeks)

Major event
Author's Arey Others
Bile secretion 37T 1 9) 56 (12)
Meconium collection 82.51(12) 112 {16)
Plica circularis 240 (28) T3z
Paneth cell appearing in small 94 (15) 203 (24)
intestine
Villi developing In entire 48 (10) (12)
small intestine
Initial torsion of intestine 8.5( 5) 12{ 8]
Lurninal occlusion of duodenum 15.5( 6) 17( 7)
Myenteric plexus of gut 20,51 8) 300 9)

7| Al Zahed 105 L7 Aol 4] PabEgl e S48
7| A e s vighE|gcy A el R AdkD F
ek 0y H4l=le] 21503 EAEteiod 2
o) X = ghalg =] olelcl w Abd Eil= 4 ale] 4l
Foll, Aol A= 11574 fats] 7| Al ztalgda, 2y
WA 2e 1155 HeE2lch, shilE H2e 5t
Bl ofagholld] 2F gHasElaiet Hab gl Z skl
367 o Foll =}, A= ehadE]s 105 iy
T+ AR AHAER o|Fo|A Uctst HF w7} L
shed 38T 7ol A2l AdElond 9 Fely = 243
Aupal Haszich #Ho puld e 12754 A2
B L8} 7L Afelefld Bads|elon] H)de4y
2= 2875 sz
Flaa & T E s 25
2| da)zlel 27 4432 %? A7) =t
Fig. 20 Z415keict, 257 417
a| Zvagal trunk)ol 4] o]geal= Al 24| 7} A5 &
T58 fFe R s E A, £y EAres Uy
Flozhud = a2 Aol wh A7 o] #HEF A7 Fol 4]
A4 A RAEo} flsle] 257 AR ol R
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o M 5 4] =hE]o] #,
Thuh 2 kg 7w o} E'}— *l?lﬂﬂ 444 A 5
g Al7| el wherE Rl
¥ ghatedl 4] Jelel § 3k gk 24 Table 8ol 7|
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Auerbach’s plexus

L B Fl
o Maissner's plexus
) * Submucosal connective tissue
Gestation 4 |nner circular muscle
weeks * Quter longitudinal muscle
12
1 | e
107 A o
9 -
E -
7 |
E o
5 -
4 L
1 i 1 1 1

Esophagus Stomach  Small Colon Rectum
bowel

The development of myenteric plexuses, tuni-

ca muscularis and submucosal connective tiss

ue In the varlous parts of developing human

gastrointestinal fract according to the gestati-

onal age (weeks].

Fig. 2.
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= Abstract =

Morphological Observation on the Prenatal
Development of the Human
Gastrointestinal Tract

Yeon-Lim Suh, M.D. and Je . Chi, 3M.D.*

Diepartment of Pathology, College of Medicine,
Infe University and Seow! Nationa! Universify®

A total of 322 fetuses and 29 embryos were examined
light microscopically to evaluate the morphological
development of the human gastrointestinal tract with
increasing gestational age. The human embryos were
analysed by reconstruction of serial section slides. One

hundred and forty fetuses ranging from 15 to 41 weeks
of gestation were used for correlating the gestational
age and the body weight with the measurement of the
amall and large intestines.

1) The ezophagus develps from the distal part of the
foregut through a partition of the tracheoesophageal
septum. Initially the esophagus is short, but it elongates
rapidly and reaches its final relative length and position
by the seventh weel. The epithelium of the esophagus
proliferates and completelv obliterates the lumen by the
seventh week, but recanalization occurs by the ninth
week, The esophageal epithelia consist of three differ
ent groups of cells; stratified squamoid cells, ciliated
columnar cells and tall columnar cells by the 21th weelk.

2) The stomach appears as a fusiform enlargement of
the caudal part of the esophagus at the fourth weel.
During next two weeks the storfach acquires its adult
shape and final position. The primordial gastric pits and
the parietal cells appear at the eighth and eleventh
weeks, respectively,

) As the midgut elongates, it forms a ventral L-
shaped loop, called primitive intestinal loop by the fifth
week, At this stage the cecum appears as a swelling
from the caudal limb of the intestinal loop. By the
seventh week the bulks of the caudal limb of the intes-
tine herniate into the umbilical cord, in which the loop
rotates 90 degrees counterclockwise around the axis of
the superior mesenteric artery. During the tenth weelk,
the intestine returns to the abdomen and undergoes a
further 180 degrees counterclockwise rotatation.

4) The cloaca is divided into two parts by a urorectal
septum at the fifth week. By the seventh week the
urorectal septum has fused with the cloacal membrane,
dividing it into a dorsal anal membrane and ventral
urogenital membrane. The anal membrane ruptures at
the eighth week,

51 During the sixth week the duodenal lumen becomes
completely filled with proliferating epithelium. The villi
project from the mucosa of the small and large intes-
tines at the eighth and eleventh weeks, respectively. The
villi of large intestine become resorbed again after the
21th week. At the fifth week Paneth cells appear
through the entire length of the intestine including the
rectum, but disappear in the colon and the rectum after
the 36th week.

6} The developing Auerbach's plexuses are well rec-
ognized along the outside of muscle coat throughout the
gastrointestinal tract, but demonstrate no immunor-
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eactivity for the anti-neuron specific enolase antibody.
The neurcblasts in the myenteric plexus reveal strong
pozitivity for the anti-neuron specific enolase antibody
at the eleventh week, but the ganglion cells differentiate
by the fourteenth week.

71 Differentiation of the gastrointestinal wall and

sbgl 2 atabel whsbol) #Hgh Alejaty ol

respectively during the 25weeks from the 13th o 41th
week of gestation. At the 40th gestational week the
small intestine is 5.68 times the length of the colon.

4y The correlation between the body weitht (BW),
crown-rump length (CK} and intestinal length (small
intestine (51}, large intestine (L1}) is presented as:

sl lcm)= =133 6744, 4CR +11 62 (BW)'",
LI {em} =5,5640,76CR+0, TBEW (gmy),
CE {fem) =7.82+0,015 514041 (BW)*?

Key Words: Morphological  development,  Gas
trointestinal tract, Intestinal length, Hu-
man embrye, Human fetus

development of the mventeric plexus begin from the
esophagus and progress caudally down to the colon, But
the anorectal wall is differentiated from the cloaca
more earlier than the esophagus, stomach and colon are.

By The small and the large intestines elongate pro-
gressively with the increasing gestational age and body
weight and increase approximately 5.6 and 5.4 folds,

Plate 1. By the esophagotracheal septum, the foregut is divided inte a ventral portion. the respiratory primordium
{R), and a dorsal portion, the esophagus. Note the short esophagus and spindle shaped stomach (3). H&E =
1 (H]

Plate 2. Mid=agittal section view of a 4 weeks embryo. The midgut opens to the volk sac only by the restricted canal
of the vitelline duct {arrow), H&E = 40

Plate 3. Frontal section view of a b weeks embryo. The spindle-shaped stomach (5) iz seen behind the liver (L). The
dorsal (D) and ventral (V) pancreases originating from the entedermal lining of the duodenum. H&E = 40

FPlate 4. A fweeks embryo. The duodenal lumen is completely filled by proliferating epithelium with the follicular
structure (arrow), HéeE = 200

Flate 5. Frontal section view of a  weeks embryo. The stomach is in the left side and the dusdenum (I3) in the right
side. Dorsal (D) and ventral pancreases (V) are juxtaposed in the dorzal mesentery of the duodenum and they
are not fused vet. H&E = 40,

Plate 6. Sagittal section view of a 7 weeks embryo showing a cribriform pattern of the esophageal lumen produced
by proliferation of epithelial celle. There are several intraepithelial vacuoles. H&E = 100,

Plate 7. Frontal section view of a 7 weeks embryvo showing the myenteric plexus of the stomach (S). Note the
pancreaticohepatic duct opened into the posterior wall of duodenum (D). H&E = 40,

Plate 8. Sagittal section view of a 8 weeks embrvo showing physiclogic herniation of the intestine into the umbilical
cord {arrow), H&E = 11,

Plate 9. Gastric mucosa of a 8 weeks embryo showing the primordial gastric pits (arrow). H&E = 100,

Plate 10. Duodenal mucosa of a % weeks fetus showing the leaf-like villi. H&E = 100,

Plate 11. Esophagus of a 10 weeks fetus showing mucosa lined by ciliated columnar epithelial cells (arrow), H&EE =
200,

Plate 12. Rectum of a 10 weeks fetus showing epithelial proliferation with luminal occlusion and vacuoles. H&E =
100,

Plate 13. Colon of a 11 weeks fetus showing the well developed villi lined by one layer of columnar cells admixed
with poblet cells. H&E = 104

Plate 14. Esophageal mucosa of a 21 weeks fetus showing three different groups of stratified columnar cells, ciliated
epithelium, and tall columnar epithelium (arrow), H&E = 200.
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