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LY . ABSTRACT

C

The role of thy;oxine (T,) in duodenal develoéL

L

\\ ment in chicken embryos was s%ﬁdied through 1) treatment

- of embryos at 16.5 days of development with a single dose

4
stage 42cduodeha1‘exp1ants in vitro using synthetid medium

(5.7 Rg p%ntahydrate salt) of L-T, and 2) the culture of
2 ‘ .

, (14 ng/ml or 14 ng/100 ml).

" In both sets;og/expefiménts D-T

(McCoy's 5A) containing L-T

4 Was used as a physico-

'chemicaitcgﬁtrol._

: . In the experimenfs performed in vivo, 48 hours -
after téeatment with L-T4 duodenal alkaline phosphatase
specific actiyity of stage 44 embryos was significantlyof
greater than in all stage 44 control groups (intact,
windowed, éaline-treéted; and.D'-T4 treated). At 72 hours,
the phosphatase activities of theé control stage 45 groups

s haa attained the level reached 24 hours previously with
L-T tréatment, and the phosphatase activity of the stage

a 4

. 45 L-T4 treated group was further elevated. Therefore : IR

treatment with L-T, produced elevation in duodenal alkaline

4
phosphatase 24 hOursvprecociously. When the results were e

pooled according to time (i.e. embryos of different stages
.pob}ed-acébrding to time elapsed since éreatment), phos- L N -

phatase remained significantly elevated 48 hours after S v

L-T, treatment, but was no longer elevated at 72 hours. R »75'-57'\5

?

P ) . B et ‘
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<
Twenty-four hours after treatment, total duodenal’

protein cantent was significantly elevated in the stage 43

L3

L—T4 treated group, comp&réd to all other groups except the

D-T, treated one. In embryos treated with D-T, total \({/“\
) )

duodenal protein content was slightly elevated.

>

On ultrastructural examination, the co}umna:

absorptive cells of the duedenal epithelium showed increased

: '
Golgi activity and secondary lysosomes 48 and 72 hours

after L-T4
: - »
Glycogen and lipid droplets present in the absorptivg-cells

treatment in stage 44 and 45 embryos- respectively.

-
disappeared more rapidly following L—T; treatment.

“ Treitment with I-T, also accelerated(yolk sac
retraction and produced a slightly gréater incidenée of
pipping of the shell (72 hr) but did not .otherwise accél-A
erate overall embryonic development. . - ‘
Following 48 hours of culture in vitro , with

medium containing L-T, (14 ng/100 ml), the alkaline phos-

4

phatase specific activity of duodenal quarters was sig- '
nificantly ele%ated\compared'to explants cultured with
lh ng L—T4/ml, D-T4, or without hormone. 1In a similéf
. set of cultures with‘bqvine serum albumen added to all
media, phosphatase was elevqtea in the presence'of 14 ngf"‘"‘/’l
.L—T4/ﬁl. .In both sets of cultures.total duodenal protein ‘

was significantly elevated in explants cultured in the

presence of DLT4., , A
. ¢ : » ~




: The morphology of the duodenal epithelial cells

following culture ranged‘%rom normal to highly condensed -

/

\

in the appearance of the cytoplasm and organelles. These
changes could not be attributed to the\specific treatments,

and were considered due to general effects of culture and ".;
" 4',,

2

-~

" or fixatiorfyy, Goblet cell maturation proceeded. more
quickly in culture. ' ; I

- It is suggested that thyroxine normally part-

* : Te

icipates in ‘duodenal development in chicken embryos, and .
; . . . 1
may do so through direct action on the epithelial cells.

. .
.
i L
- \ .
.
. .
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3 INTRODUCTION—

L

. Intestinal development. in chickén embfyos 's
been a subject 6f investigation since the early 1900}s
when Hilton (1902) studied £he forﬁ.and development of
intestinal folds aqﬂ villi. Present day 1nvestlgasipns
\éxg still concerned with intestinal morphogene51s, as
well as with the functional differentiation qf the
absorptive epithelium. Involved in fuﬁctional differ-
entiation are changes in the structure and enzymes of
the epithelial cells that are believed to be in preparation
for the post-hatéhing onset of intestinal function.

In chicken embryo duodenum the most studied
enzyme with respgbt'to this problem is alkaline phosphaéase,
' (orthophosphoric monoester phosphohydrolase, E.C; 3.1.3.1).
The present study inveé%igates the role éf thyro#ine (T )
in the functlonal differentiation of the duodenumq u31ng
alkaline phosphatase and cellular structure as 1nd1cators
of development.

-

Development of Duodenal Morphology

The early development of the ingestine and its
derivatives in the chicken embryo has been reviewed by
Rudnick (1952) and.Deren (1968). The digestive tube
originates froq the gndodgrmal and mespplasth'ygsgﬁchyyal '

& . .
b e .

“u




: . ~
layers of ,the splanchﬁoﬁleure. The endodermgijiéyer gives

rise to the absorptive and glandular epithelium, while the
.muscular, vasculaﬁﬁ%and'connectlve tissue components are

! '&79
Hilton (1902) descrlbed the patterns of foldlng

derived from the#ﬁ@séhlastlc mesenchymal layer

and Qillus formation whlch give rise to the mature
inte;tinal topography ,in the cbicken embryo, and his .
observations have béen confirmed by several recent
investigators (ébulombre and Coulombre, 1958;Hinni apd

Watterson, 1963;Stocum, 1966 Grey, 1972;Burgess, 1975, 1976;-

Tsai and Overton, 1976;Lim and Lo%, 1977). By 16 days -/

of development, the foldgﬁahich formed in the intestinal

]

lining during the seconéajfek of development are becoming ,

; vil}i b& upequal.growth' nd separation from the tips
downward,'and néw villi hawe appéared bétween the folds,
(Hilton, 1902) Subsequently, the villi increase in

N

length but their numbers remain unchanged«(clarke, 1967)

]

Differentiation of the Duodenal Epitheliﬁh

-

By the tenth day of deveIOpment, the chicken
»eﬁbryo's duodenum is lined by a simple epithelium composéd
lof cuboidal cells;these bedqme increasingly columnar in
ﬁhform as hatching (c. day Zij abproaches and after it has
pccurred (Argesaanu ard May, 1938;Van Alten and Fennell,
1957;Hinni and Watterson, 1963; Penttilad and Gripenberg,
i969;Bellware and Betz,11970;Hart and Betz, 1972a). As

The epithelial cells become incréasingly columnar, their

apical qytoplasm:énlarges*and their nuglei assume- basal
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locations.

. Accompanying these changes are changes. in

.o
o

ultrastructuré. The endoplasmig reticqlum, Golgi B
apparatus, and mitochpndria become increa;ingly prominent
whilg free‘cyloplasmic ribosomes decpease“kDobbins et al., .
1967; Penttild and Gripenberg, 1969). Paralleling the
\ decrease in ribosomes is a decrease in stainable cyto-
plasmicQRNA visible using light microgcopy %Moog, 1961b) .
During the days preceding and following hatching prominent -’
lipid droplets in the)cytoplasm of the epithelial cells
xaisappear (Holmaﬁ, 1969) and géglet cells increase in
number (Hinni and Watterson, l9q;i Bellwaré'and’Betz, 1970;
Hart and Betz, 1972a). .
The ultrastruéture of the develoéing intestinal

epithelium has beeq%studied in several other vertebrates

including: amphibians (Bonneville, 1963; Bonneville and

/,,4 ‘Weinstock, 1970) rabbits (Deren et al., 1965; Deren, 1968),

rats (Dunn, 1967), guinea pigs (Merrill et al., 1967),
humans (Moxey and Trier, 1975), and mice (Calvert and’
Ménard, 1978).

e
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Development of the Brush Border

As the epithelial cells become increasingly

st

columnar, their luminal-brush border is differentiating. A 5' . /1
\)
verton and Shoup (1964) reported the following:.steps in '%

, the development of the brush border in chicken embryos:

T
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from day 11 to 16 -the microvillous core filaments and

rootlets appear and the microvilli come to form 90°
) angi;s with the apical surfacé, without increasing in . // .

ﬁeight; from day; 16 to 19 the mgéroyilli increase

moderatélywapd thereafter rapidly in height untilxday 22,

Several investigators ha?e‘confirmed these observations

(Hayes, 1976b; Penttild and Gripenberg, 1969; Ono, 1973). ¢

N

Histochemical Localization of Alkaline Phosphatase

~ i . P
Gombri (1941), using light microscope histo-

cﬁemistry, found that the brush border of the intestinal -
epithelium is a site of intense alka%ine phogphatase

activity. Using electron microscopic histochemistry, its
location‘has been determined to be the outer portio§ of

‘ /
/
the microvillar membrane, coinciding with the portioﬁs.of

the glycocalyx adjacent to the membrane ugan and Borgers,
1966, 1969a,b; Tto, 1969; Ono, 1973). Frgstionation studies -
have confirmed this location (Holt and Miller, 1362; \
Overton et al., 1965), ané have suggested that the enzymé

is 5£tacbed to the membrane by hydropgobic anchors (Louvafd

\

et al.7 1975). A recent review of the differentiation of .

the brush border membranes has been made by Michell et al., . -
- (1976). " : - \

[y




l ~ Development of Duodenal Alkaline Phosphatase in the .
. Chicken Embryo

The large body of knowledge concerning the
functional differentiation of alkaline phqsphatase in
the duodena of chicken. embryos andlpost—natal mammals
results mainly from the work of ggog and ‘her colleagues.

She has reviewed this subject several times (Moog, 1952,

1958, 1962, 1965a; Moog et al., 1969).
) buring the second Qeek of dévelopment, the
élkaline phosphataée activity of whole cpicken embryo
homogenates was found to increase and the phosphatase
activity of the intestine was much greater than that of
several oéher tissueé (Mooa, 1946). Subéequently, Moog
(1950) found that auodenalﬂélkaline phosphatése increased
sibwly from 9 to 18 d$§s of development, then rapidly
until hatching. The level ofyenzyme then declined un£11
the end of the first week ofrembryonic deéelopment and
Aremained stable at thaf}&gyéi (pﬁfsumed the adult levei)

e for 7. weeks (ibid.). If newly hatched embryos were

starved for 48 to 96 hours they acdumulated three times

the amount of phosphatase found in fgd chicks, and a
"delaxsg increase could he inducedﬁif\bhipks were fed, S
~ then starved (ibid.). ) : \\ ’ \\§
» c The increase in alkaline pposphatase could also \

be demonstrated histochemically. Moog (1950) found the
« cytoplasm of the‘epithelial cellg to be weakly reactive °
.:at,ls days, the.brush border reactive4§§718 daxs,‘agd';he

.. - , - [
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Golgi region reactive at hatching. By 20 dayg the brush
border was strongly reactive on the upper two thirds of
the-villi, and by hatching this ‘exténded into the crypts
(ibid.) .. Overton and Shoup (1964) noted that the devel-
opment of the brush border paralleled the increaée in
alkaline phosphatqse,demonstrated blochemlcally and
histochemically By’Moog (1960). . A
Subsequently, Hancox and Hyslop (1953) found
the brush border to be positive for alkaline phosphatas

. , ¢
as early as 14 days. More recently, using electron

microscope histochemistry, Ono (1973) found that some
‘patchy reaction product indicative of alkalz
activi£y was present on the first microvillar surface.
‘projections of eight ‘day embryos.

-

Development of Alkaline Phosphatase in the Mouse

In the developing mouse duodenum a biphasic
pattern of alkaline phosphatase increase was found (Moog,
1951). The first increase occurred as fn\the chicken

embryo during the days preceding birth.’ A second increase

”. then occurred immediately preceding weaning, prior to the

X

mouse's first encounter with solid food. Starving

-accelerated the second increase without raising phosphatase

.above the normal level (ibid.). Thus increasing alkaline

~phosphatase activity prior to the onset (or change) of

" functfon seemed to be immediately related to this event

.in both chyckens and mice.

ey
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As duodenal alkaline phosphatase accumulates in

chickens and mice, it exhibits changes in -substrate pre-
' ference which have Been the suhjeqt-éf several studies'by
Moog and colleagues (Kato, 1959; Moog, l96fa: 1962, 1964,
1965b, 1966; Moog and Grey, 1966;.1967, 1968; Grey and
Moog, 1966; Etzler and Moog,:19'68; Moog et al., 1969;

Yeh énd Moog, 1973). The devélopmenﬁ of alkaline phos-

phatase isozymes in chicken embryo duodenum has also been

studied (Chang and Moog, 1975a,b).

Function of Duodenal Alkaline Phosphatase

<« The function af duodenal alkaline phosphatase is
as yet unclear. The ability of‘duodeﬁa to accumulate
glucose '_:ﬂ_v_l_tr_o develops simultaneous‘ly with normal or
induéed inéreasei/in alkaline phosphatase (Betz and Mallon,

s /j .
1970), and activelsugar'transport begins around hatching

(Bogner\and Halnes, l964)ﬂ However, alkaline phosphasase
probably does not partlclpate directly in sugar absorp 1on“‘
(Crane XQQ*Krane, 1956) .

It has also been implicated to function in
fat absorption althdugh a dlrect involvement has not been
demonﬁZ?éted ( review by Kaplan, 1972). Recently it has
been sMggest functlon in thlamlne absorptlon (Matsﬁda:
AN 197 In chicken embryos phosphate absorptlon

arall 1 to increased phosphatase act1v1ty, suggestlng

-

- a funct on in thls process (Moog and Glazier, 1972).-

y .
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. Thus far the function of duodenal alkaline

phosphosphatase has been most studied with respect to

its possible participation in vitamin D—induced'intestinal
‘calcium absorption (hartin et al., 1969; Haussler et al.,
-1970; Holdsworth, 1970; Melancon and DeLuca, 1970; Norman
et al., 1970; Russel et al., 1972; Krawitt et al., 1973). v
Considerable'controversy exists as to its involvement
however, and to whether it is involved with or identical

to vitamin D:induced calcium-degendent ATPase.. In duodenal
explants from 20 day chicken embryos, vitamin D3 and its
metabolites can induce .increased calcium absorption,
accompanied:by increased alkaline phosphatase; although

the concentrations which stimulate calcium absorptibn do

not always st}mulate;phosphatase (Corradino, 1973) .

E]
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Effects of Corticoids on Functional Differentiation

‘ Early in the investigation of functional
differentiation it became apparent that hormones were
~Anvolved in its control. Adrenalectomy of suckling‘mice
. inhibited the second phase of alkaline phosphatase increase,
and corticoid administration could cause the increase to A‘
occur early in intact mice (Moog, 1953)u' The latter
‘response took 24 to 48 hours to occur, depending on how’
far ahead of the normal increase treatment had been, and

the responséécould.only occur during a limited period of

development (ibid.).




In chigken embryos hydroxy-cortisone acetate
and cortisone acétate were both found to elicit a pre-
cocious increase in duodenal alkai;ne phosphatase (Moog
and Richardson, 1955). The period of responsiveness to
corticpids was found to be limited f;om 10 to 18 days.

At 16 days treatment produced a strong responée within
48 hours and after 18 days ;esponsiveness declined rapidly.
Not only was phosphatase elevatéd by this treatment, but
- the entié% histological development of the epithelial
cells was accelerated as well (ibid.). Glycogen, which
/1\ _ ‘ aggearéd in increasing quantities in the epithelial cells

then disappeared ragidly, was deposited more quickly and

depleted sooner in embryos treated with corticoids (Moog

and Richardson, 1955; Moocg and Thomas, 1957).
- . , " Q

Effects of Corticoids.on Duodenal Development In Vitro

3

The duodenum was also found to respond to

corticoids when cultured in vitro. Duodena explanted

from 16 day chicken embryos showed increased alkaline
phoighatase after 24 to 48 hours of culture with hydrocort-
isone (Moog and Nehari, 1954; Moog and Kirsch, 1955). 1In
‘these studies phosphatése accumulation and histoloéical
'development were found to be independgnt. Hayeé (1965§ﬁ"
found that cortisone could stimulate increa#ed a}kaline
.pﬁosphatase in expiénts from embryos as young as 13 days,

and that increasing the hormone concentration increased-







