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Growth and differentiation of the avian embryo Ia largely dependent
upon the activity of various enzyme systems. Embryonic development
can therefore be studied by means of altering such enzyme mechanlam8.
The present study 18 an investigation of the effects produced by the Inhi
bition of the metabollsm of monoaminea in the chick embryo during early
development. The metabolic degradation of monoaminel il dependent
upon the action of an enzyme, monoamine oxidase (MAO) which 18 of
major importance in the degradation of eplnephrtn, noreplnephrln, dop
amine, and 5-hydroxytryptamine (Goodman and Gllman, 19M). MAO
inhibitors are drugs that produce an irreversible inactivation of the
enzyme by forming a stable compound with It (Goodman and Gllman.
1965).
~~ -.

This Itudy utilized the MAO inhlbitor. phenelzine lulfate, manufac
tured by Wamer-Chllcott Laboratories and sold for cUnlca1 W1e under the
trade name NardU. It is a hydrazlne and poue88811 toxic properties when
administered in excessive dosage (Remmen, et aI., 1962).

J.D:rHODS AND :MATERIALS

Seventy-five eggs of the domestic fOWl GGU.,. gall.". were obtained
and divided into experimental and control groupe: 88 contro" and f2
experimental eggs were selected at random. Following incubation at
40 C for 24 hr, all eggs were removed from the incubator and allowed to
cooL

A solution of phenelzine 8Ulfate in lterlle water for injection wu
prepared in a concentration of 0.25 mg/cc. The atandarc:t tablet of NardU
was used. Prellmlnary studles revealec:t that a doage of 0.125 DIg did
not prevent development when introduced into egp prior to lncubaUOIl.

Eggs were prepared for injection by drilling two mW1 bol. 90
apart on the median tranavene circumference of each .hell. One cubic
oeDUDleter of albumin wu uplrated from each ... U8lng a IterUe hypo
derlm syringe and needle, exerdmlg care to maintain .terl1lty &lid avoid
yOlk damage. Withdrawn albumin WU immediately replaced with 0.6 CO
of pbeDe1zlDe BUltate IObltion (0.121 mg) In expertmeI1tal e.... aDd 0.1 CO
3terlJe water in COIltro1& BDl. were paratflD...-led aDd en- retumed
to the·lncubator and rotated 180' cIaOy to prevent eIIlbrycM from~
to the ezt:raembryoDJc membraDe8. A 8ICOIICl fDcubaUoD period of 10 IIr
was aDowecL Embry_ were removed, -.mtNd In the live .... meu-
:JNc1, and placed ID BoulD'. 8OJuUon. S~ were -.med '" toIo with
Vayer'a carmalum aDd prepared u whole IIIOUDt& SerIal~ ...
:loDe were prepand from .e1ectecI puatftD-embedded tIpICJ......
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Tbe rtIUlta of fneubatton topther with crownrump measurements of
UvIDg embryOll obta1Ded are presented bl Table L

TABUJ I. EGG INCUBA'l'ION SUCCESS AT 1M HB, WITH CRoWN-BUMP LENGTH
(mm) IUNCZS, AVDlAGE8 IN PARENTHESES.

GROUP Incabated
Bmbl'7oa

VenU. Infertile DeeolD~ed Leneth

Control 88 10 23 1 10.0-12.0
(10.9)

JDxperimental .2 81 11 0 3.0-13.0
(7••3)

Total 7~ n M 1

Low-power microscopic examination indicated no structural abnor
malltlu among the control specimens. Observation of gross structure of
Uving. treated embryos revealed many differences from the controls. The
head regions appeared relatively large. and marked variety characterized
the body curvaturu. Some specimens displayed no flexures; many had
exaggerated cervtcal flexures. A large percentage had an elongated tail
proceu with either no caudal flexure or a reversal of the direction ot the
flexure to produce an S-shaped curvature of the tail region. There was
great variation in the degree of brain development; in many the mesence
phalon was more prominent than nonnal and the smallest specimens
showed Uttle or no brain differentiation. Some specimens lacked eye and
lens vealcles; in others the otic vesicles were underdeveloped or absent.
Heart development paralleled the size of the embryo. All except the
amallest specimens were enclosed in an amnion: in one specimen blood
was obaerved in the amniotic fluid. Rocking motions were observed in
only tI\e largest speclmens.

Specimen A. smallest of the treated embryos (3 mm long). was
studied .. a whole mount. It conalated of a mass of densely packed cells
centrally located in a germinal disc showing areas pelluc1da and vasculosa.
The f'body'.. exhibiting two caudal flexures. was thicker along the longi
tudinal ax1JI and became thinner laterally. The very irregular lateral
edpe In many places were composed of a thin sheet of cells with cellular
corda extending outward along the path of vessels within the area pel
~da. No organization of structures was detected in the embryo and
~embryonlcblood veaaela and Ialancla were few in number.

8peclmen II. atudied both as a whole mount and in serial sections.
8Ilowed a creater decree of complexity and presented a b1arre appearance.
A paIe-Italnlng, bubble-Uke structure surrounded the cephalic end and
extended caudally. narrowing only IUghtly. A furrow appeared in th1B
Itructure on the left aide oppoalte the heart and paired. flattened processee
at.eDded laterally In the mldportion. An elongated structure of deue
t1aIue. with ita cephaUc end bllobed and expanded. was located centrally:
thla. had·the_ap'~of a neural tube except for the extreme caudal end
wldcb WU bUJbIIbaped. The mlclportlon was f1anlted by flve palrs of
-.rd. toUowed lIT m8llOdermal plates atendiDg to the caudal end. An
eloDIatect. tortuou8 laC OIl the rlIbt mde represented the heart. Four....n. dar1d7 ItaIDed. appencIqe-Uke atructune were c10eely 8880clated
with ODe anOther at the c:au4a1 end of the embryo.

8tudy of IIeI'.Ia1 IleCUW gave a much clearer understanding of tile
atruoture of epeelmen B. Ti'uuIftrae eectloD8 taken cepba1ad ahowecJ
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body ectoderm enclO8ing a masa of compactly arranged, deeply stained
cells surrounding & double-layered, open-sided eyecup_ The center of the
cup was filled with mesodermal cells continuous with those of the body.
A V-shaped invagination of ectoderm opposite the eyecup represented an
attempt at lens formation. A. solid mass of compact tlssue presumably
represented the braiD.

A. section through the heart shOWed thl8 structure to be situated
in the extraembryonic coelom on the right side. The heart was quite
thick-walled. and its chamber was packed with large cells that showed
little tendency toward differentiation into typical blood cells. No evi
dence of the presence of & gut was found.

Sections at the somite level showed a notochord for the first time.
The neural tube was present and had the appearance of that of a 24-hr
embryo, but the neurocoel contained numerous cells. CyUndrical somites
tlanked the neural tube on either side. Two large dorsal aortae were
present as were the post-eardinal vessels. Mid-gut entoderm was promi
nent.

Sections farther caudad showed mesodermal plates on each side of a
neural tube that was thin-walled dorsally and whose cavity was fUled
with cells. Lateral extensions of the amnion were more closely associated
with the chorion than in previous sections.

An amnion surrounded the entire OOly mass and cephalad the amniotic
cavity was filled with loosely arranged cells. presumably of mesodermal
origin. A deep fold in the membranes on the left side, almost separating
the cavity into two compartments, produced the furrow observed in the
whole mount. The amnion extending laterally with folding produced the
appearance of flattened processes observed in the whole mount.

StUdy of the larger embryos by means of transverse and sagittal sec
tions revealed that they deviated from normal in several respects. Body
form appeared more cylindrical and neural structures showed less differ
entiation than normal. Retarded development ot cranial and spinal gang
Jia was noted. Cellular eJements often tUled the neurocoele and incom
plete closure ot the neural tube dorsally was common. Study ot the
heart, liver, and lungs indicated an abnormally slow development of these
structures, and the blood vessels appeared larger in diameter and fewer
in number than normal. Delayed and/or abnormal limb bud development
was observed. The mesonephros showed full development and often the
number of tubules was greatly lncreaaed. Development of the hind-gut
appeared to be retarded and generally the al1anto18 was very small.

DISCUSSION

It appears that specimen A represents a degeneration or replacement
of orlglnally developed structures into a d180rg&nized ma.u ot cells grow
ing tor the most part in an unorganized manner. Only the arrangement
along a longitudinal ax18 and ita two flexures suggest a relationship to a
chick embryo. Unregulated invaslve growth would explain the presence
of masses ot celJular elements within the amniotic cavities and neuro
c(leles ot thJ8 and many other specfmeD8. It 18 presumed that theM eeu.
Were of mesodermal orlgln 8lnce their ItalnIDg cha.ractert8Ucs and adze
and shape were 8imllar to cella wlthJn the heart and blood veueJa. AU
of the treated embryos were found to be abDormalin ODe or more reepecta
:whUe no abnormalities were detected in the untreated control apecimeDI.

After ca.retul grog and mlcroecoplc atudi. of embryOll treated with
Ue KAO inblbitor phenelzlDe,. It 18 concluded tbat the ~ exert.e a
Ptwertul lntlueuce upon embryonic development of tile chlck. The ettecta"ft ncmseJecttve and. in general, retarded growth ~/or orpnogeDe8II.
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