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INTRODUCTION 

Statement of The Problem 

The factors involved in the unfolding of a complex organism from 

the fertilized egg are remarkable not only in the predominantly successful 

outcome of their activities but also in their adherence to the party line, 

be it hamster, hawk, or hawthorn. The efforts of the experimental embry-

ologists of the late nineteenth and early twentieth centuries to learn more 

of the distribution of responsibilities or capabilities within blastomeres, 

blastulae, and gastrulae, by using pins and hair-1-oops, have inspired their 

successors to continue the search for greater understanding of developmental 

mechanisms by using techniques which range from equally simple manipulations 

to the more complex processes of tissue culture, chromatographic analysis, 

and immunological relationships. 

The adaptability and capabilities of an organism are realized only 

as the environment within which it exists is varied. SUccess is awarded to 

the experimental embryologist in proportion to his ability to ask the appro-

priate question and to observe for the evidence which will direct him to an 

answer. The teratologist does not wait for the unusual to happen within the 

confines of the normal ecological niche of the embryo but rather forces the 

embryo to come to terms in an environment which the investigator endeavors 
I 

-tb regula-te. 

The remarkable coincidence of genetic variation occurring in an ac-

crmoda-ting rather.than a hostile environment has been responsible for the. 

successes of what would otherwise have been the·mst ludicrous experiments 
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by nature. It is no doubt due to this happy circumstance that the meta.­

. nephric kidney developed. The phylogenetic a.nd ontogenetic implications 

of this organ have led to the assignment of 11va.lue 11 to a. vestigial organ 

(the pronephros) a.nd to further understanding of indnctor relationships. 

The tera.togenio tool of maternal hYJlOxia is used in this "ork a.s 

· the environmental variable to challenge the normal regulatory powers of 

the embryo. The challenge used ha.s been selected so tha.t normal functional 

relationships of the developing excretory system would be interrupted so 

· the demands of normal morphogenesis for this system might be more fully 

understood. 

MOst of the published research on the relationships of pronephros, 

mesonephros, a.nd metanephros ha.s been accomplished by use of non-ma.mma.lia.n 

· material. This ha.s been necessitated by the relative ina.ccessability of 

the mammalian embryo. A considerable portion of the ma.teria.l available 

. on the embryological development of the ma.mmal ha.s been limited to likely 

assumptions or the probability that bec11-use of similarities in morpho­

genesis, there are also basic similarities in the processes of induction 

between more advanced vertebrate classes, There is very little reason to 

expect tha.t the ma.inma.lian embryo follows a. different set of rules, but 

. the scientist ha.s long since learned not to generalize. 

Hypoxia is e. relatively convenient teratogen, The equipment nee-

! esse.ry to produce a. relative. oxygen deficiency by decreasing pressure be-

' low one atmosphere need consist only of a. jar "ith a. tight fitting lid, a.n 

inlet with e. valve, e. manometer, a.n outlet, and a. filter pump attached to 

a. water faucet. The equipment used in the present work to produce ~oxia 
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in the pregnant hamsters wa.s rendered only slightly more elaborate by in-

corpora.ting an electric va.cuum pump • 

.An experiment which is designed to use hypoxia to lea.rn more about 

mamms.lian embryology cannot be a. well controlled experiment. .Among the 

variables one must consider the capacity of the mother to withstand the 

hypoxic episode, the reflection of the maternal physiological condition 

on the fo1'tune of the embryo, the status of the individual placenta, va.ri-

ations in the time of fertilization of each embryo, and the role of par-

tia.l vacuum versus reduced oxygen tension in the final results. 

Nevertheless from this melange of variables it has been possible 

' to identify patterns even though specific assignment of responsibility 

cannot be made. By virtue of the large number of variables there can be 

· no doubt that a broad range of results ha.s been ob.tained. The number of 

; questions which are unanswered may be far more thought provoking than the 

; estrous cycle ha.s a regular four day pattern which continues uninterrupted 
i 
i throughout the year. The gestation period of sixteen days terminates with 

an average of ten to a litter. The animals breed within seven to eight 

weeks after birth. The maternal organisms show a high resista.I\Ce to the 

• hypoxic; insult while the embryos are susceptible to the teratogen. In 

over 100 altitude chamber runs there was only one maternal death. 
j 

The kidney was chosen a.s the target organ because of its interest-

1 ing pb.ylogenetic and ontogenetic develo]llllent. The pronephros is described 

a.s vestigial in the D18111111a.l and is assumed to have a 11va.lue11 comparable to 

that seen in the bird. The mesonephros of the hamster is not a functional 
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kidney so again a.n a.ssumption is made tha.t it nevertheless ba.s a. 11va.lue 11 • 

The inductor relationships of the mesonephric duct byway of the ureteric 

bud ha.ve been well established both in ~ a.nd in vitro by study of ll!llta.nts 

by geneticists, congenital defects by pathologists and experimental ter~ 

tologists, a.nd also in tissue culture. The experimental emb~ologist ha.s 

found tha.t each new combination of method and ma.teria.l ma.y yield further 

substantiation to present theories if not new ma.teria.l which ca.n be woven 

into the fabric eve~ inquiring mind is seeking to make whole. 

It is a.ga.inst this background that the folloll'ing investigation ha.s 

been made. 

Historioa.l Ba.ckground 

The development of emb~ology a.s a.n a.rea. of inq~ undoubtedly 

began with primitive observations of cha.nges in norma.l cyclical bleeding 

in the gravid liuma.n fema.le a.nd extended to wonderment a.t similarities or 

differences between offspring a.nd pa.rents. But even more thought-pro-

voking than these would be the observation of terata., i.e. congenitally 

!l-bncrma.l individuals,. The deep impression ma.de on the minds of persons 

who ha.d occa.sion to see such ma.lformed creatures is evident in the many 

old-,vives tales, some of which a.re even toda;y divorced with some diffi-

culty from the minds of intelligent individuals. 

Development of emb~ology a.s a. science, however, did not begin 

until the time of the ancient Greek philosphers. Concel:ll with repro-

ductive efforts, the appa.rent development of an individual from little 

or nothing, were both instrumental in the orderly examination of chick 
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'developnent by persons even before Aristotle, Aristotle (384-322 B.C.), 

. however, is generally recognized as the focal point for the beginning of 

biology as a science because be began to systematize and classify some of 

' the material which came under his scrutiny. The great philosopher pro­

. posed a chart relating living organisms on the basis of their embryo-

, logical characteristics. He studied the development of the chick embryo, 

.He concerned himself with the relative roles of male and female in the 

reproductive process. His observations indicated to him that the indi-

'vidual develops gradually from the semen, contributed by the male, "which 

·supplies the 'form' to the embryo" while "whatever the female produces 

supplies the matter fit for shaping" (Needham, 1959). The cessation of 

. menstrual flow was thought to indicate that perhaps the menstruum was 

·utilized in development of the embryo in the human. Aristotle found no 

·evidence of formed substance within the semen which would suggest parti-

• cipation of any unit of the substance iii the develoP.,ent of the embryo, 

in spite of his reference to the male seed;· Aristotle's contributions 
' " 
'to embryology were not entire!y on the positive side, however, as is 

'realized bn examination of Needham's bal..,;,e sheet where it is held that 

the philosopher's belittling of the female contribution at fertilization 

:and his conception of a universe based on pure reason (which principle he 

I extended to his inquiries on subjects biological) had retarding effects 

ion subsequent development of embryology, largely because of the enormous 

,regard with which Aristotle was held by later scholars. Prom Aristotle's 

time in the fourth century B.C. through the Dark Ages, there was little 

~deviation from the pattern of thought followed by the master. 
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Historians generally refer to the Rennaisance as the period of ac­

celeration in the area of biological thought as well as in other areas. 

Leonardo da Vinci (1452-1519), whose notes on anato~ reflect the work 

of a carefully appraising mind, is given credit by Needham (1959) for be­

ing the first to make quantitative observa"bions on embryonic growth. 

Oppenheimer (1955) credits Fabricus (1745-1808) with the first published 

· illustr!J,tions on chick embryology, but the author also observes that the 

reading of structures not yet extant into early stages of development may 

have performed a disservice to embryology by the encouragement of pre­

formist ideas. 

William Harvey (1578-1657) was in a position to give strong support 

to the concept of epigenesis and has been considered by historians to pro-

! mote this point of view. Harvey's observation of "Ex 2!!!. omnia" might in­

dicate new status for the female in reproduction; however, the ''ov.um" which 

i he observed was not the fe~le germ cell but the blastocyst. Harvey asso­

ciated coitus Vlith reproduction and believed that semen played a role, but 

: his dissections. accomplished immediately after coitus never revealed the 

presence of semen in the uterus or tubes. He was even unable to insuflate 

the uterus so he concluded that the ovum arose ~ ~· 

The observation of animalcules by van Leeuwenhoek (1632-1723) was 

not accepted illlllj9diately as a demonstration of the male germ cell. Van 

Leeuw.enhoek was not to be dissuaded, however, and satisfied himself that 

these structures were not peculiar to man but existed in maey animals, 

The identification of the mammalian ovum, in spite of its large 

size when compared to the sperm, was not to occur for some time yet, 
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Meyer (1939) identifies Nicol~ Stano (1638-1686) as the first to demon­

strate follicles in the ovaries (of the dogfish) and to affirm "that the 

•testis' of women ought to be regarded as exactly the same organ as the 

'ovary' or 1r.oe' of Ovipara." In 1672 de Graa.f and Swa.mmerdam described 

the presence of follicles in the human ovar,ybut both considered the fol­

licles to be,the ova.. The search for the female compliment to the a.himal­

cules was not based on contempora.r,y discoveries alone, for even Galen 

(130-200 A.D.) considered the testes and ovaries to be of significance and 

"pointed to their role in the body as indicated by their loss through ca.s­

tra.tion11 (Meyer). Galen also could not conceive of similarities in appear­

ance of offspring to the mother without some contribution by the maternal 

organism equivalent to tha.t of the male. It was not until 1837, however, 

that Karl Ernst von Ba.er identified the mammalian ovum and even then the 

significance of the discover,y was not appreciated, 

The problems involved in resolution of disputes between epigenesis 

and preformation are likewise fascinating &$peats of the histor,y of embr,y­

ology. It seems appropriate a.t this point, however, to pass on to the 

tru1y inspirational ground work for modern experimental embryology which 

\18.11 established by Roux, and carried fo)'th by Spema.nn, Dreisch, Vogt, and 

others during the late nineteenth and on into the twentieth century. 

Roux1s experimentation with the amphibian egg in the late 19th cen­

tury was directed to ascertain the responsibilities and capabilities of 

the bla.stomeres a.s cleavage progressed. The results of Raux's pricking 

experiment revealed tha.t "a. circumscribed part of the embryo a.t a. definite 

$amant of development contains a.ll specific conditions for further 
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,differentiation" (Spemann, 1938). Driesch performed isol.a.tion experiments 

with the bla.stomeres of sea urchins a.nd found that complete iDdividuals 

would a.lwa.ys be formed from ea.rly bla.stomeres. It was subsequently found 

·tha.t the amphibian bla.stomeres under certain circumstances coul.d be ma.de 

'to perform similarly to those of·the sea. urchin if the injured or dea.d 

·b1astomere were removed or detached from the surviving bl.a.stomere. Oppen­

'heimer (1955) emphasizes .tha.t the signifiance of the two superficially 

similar experiments l~ not in the tests themse1ves but in the investi-

: ga.tors a.nd their a.pproa.ch. She states tha.t, "Roux interpreted the egg 

·for the first time a.s a. mechanism mechanically a.na.lyzable by outside in-

•terference; Driesch envisioned it a.s ruled by an entelchy a.s spiritual 

· a.s any~~ ma.china must be." 

Spema.nn's constriction experiments demonstrated tha.t there wa.s no 

parcelling out of determinants from the nuclei (a.s proposed by Weismann) 

·to account for differentiation at least during early stages of develop-

ment of the frog. 

Vogtls expsrimep.ts in demonetra.ting the orderly movements of the 

outer cells of the early gastrula a.nd final mapping of presumptive an-

la.gen by use of vital dyes is too well known to discuss in detail here. 

:The eneuing transplantation experiments to determine the degree of de­

! termination which could be detected withi,; a tissue at a. given time in 

:development a.re perhaps best exemplified by the work of Spema.nn (1938) 

a.nd others ... on the relationehip of the. optic evagination a.nd the de­

:Velopment of the lane. 

The concept of induction ha.s stimulated a considerable amount of 
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s~, but the results to day appear to be limited to descriptions of 

morphological changes within proposed induction systems rather than being 

directed to the solution of more basic problems of molecules, molecular 

patterns, and molecular movements responsible for morphogenetic processes. 

Experimental embryology is a rather broad field which utilizes di-

verse methods of study. Whether the technique be tissue oulture, trans-

plantation, surgical intervention, or teratology, the goals are1 first, 

to come to grips with the more fundamental issues of minimal embryonic 

requirements for normal development, namely the interrelationship of dif-

,ferentiating units; second, to obtain a sharper definition of the role 

of genes in determining the various phases of development; and ultimately 

to consummate the correspondence of biochemical entities -molecules, 

cycles, progressions - with differentiation and the nucleo-cytoplasmic 

interactions. 

Experimental Studies on Congenital Malformations 

Wilson (1959) credits SB.in"hllilaire (1820) with the first experi .... 

'mental efforts to produce congenital defects.. Pollowing st. Hilaire was 

Dareste, who, in 1877, proposed that abnormal development is associated 

with alterations imposed on the normal rate of development. In 1909 

'Stockard exposed fertilized ova of Fundulus heteroclitus to varying con-

: centrations of salts in sea water and found that by increasing the amount 
' l 
! of magnesium he could produce a high frequency of cycloptics in what he 

called his "magnesium embryos". He identified his experiment as the first 

to produce vertebrate monstrosities by use of chemical substances. Stockard 



agreed with Da.reste that the key to congenital abnormalities was to be 

-·found in developmental arrest which might result from an "interaction 

between inherent tendencies contained within the egg substance itself and 

the external conditions which surround and act upon this substance." 

Loeb (1911) studied the fate of Fundulus eggs which he.d been placed 

into distilled water rather than salt water for development. While he did 

not report on abnormalities in structure, he did observe the effects of 

varying the environment upon survival. 

Pischel (1912) he.d observed reports of Loeb's studies end noted 

that Roux 1s concept of complete self-differentiation by the egg was un-

tenable, for the egg could not develop in a vacuum. In addition to com-

menting on the effects of temperature end radiation on ova end tissues 

he observed "Dies gilt wohl· e.uch fur den Ga.swechsel. Den es ist fest-

gestellt worden, de.ss verschiedene Eiarten gegenuber Sauerstoffzufubr, 

· bzw SauerstofflllllJlgel sehr verschieden empfindlich sind." Fischel em-

'phasized the importance of considering abnormalities of human embryos 

as experiments by nature which ce.n be compared with results of animal 

experimentation as a means of learning more about the development of the 

human organism. 

During the last forty years teratologists have been seizing upon 

• an ever increasing e.rr83' of tools 1rith which to modify the normal course 
I 
I of morphogenesis. The main avenues of approach have been directed toward 
I 

' alteration of germ plasm prior to fertilization, direct insult upon the 

i embryo or indirect assault on the embryo through thematerne.l organism. 

I The methods employed include use of chemicals which may affect osmotic 
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balance, serve as metabolic antagonists, or have a direct toxic effect 

, on the tissues. Dietary studies have included starvation and hypo- and 

hypervitaminoses. Tr,ypa.n blue has been used by a large number of in-:­

vestigators. Insulin, cortisone, and other endocrine substances have 

,been tested for teratologic potentialities, Reduction in available 

oyxgen has had teratologic effects under both atmospheric pressure and 

, in partial vacuum. Exposure of experimental, animals to alterations in 

, temperature has also resulted in the production of anomalies. Irra.dia.-

: tion in the form of x-ra.y and from unstable isotopes has been a. tool for 

the stndy of developmental processes. A common denominator to a.ll of 

, these methods seems to be the mystery of exactly "hat the teratogenic 

'mechanism is. Generally a wide variety of tissues a.re affected by each 

,teratogen. Because of the orientation of the work in this paper, however, 

more attention will be pa.yed to mention of abnormalities of the uro-

genital system rather than to a. complete listing of defects reported 

, by each author. 

Nutritional deficiencies 

Wilson (1959) lists ten ~tarnal nutritional deficiencies which 

have been used to cause malforma:tious. Kalter and Wa.rkany (1959) credit 

Hale (1935) with the first controlled experiment in mammalian teratology, 

:when, by feeding pigs 9n a vitamin A deficient diet, he wa.s able to pro-
' ' 

lance anophthalmos in the offspring. Included in the many reports since 

1that date a.re those ~f Wa.rkany and Schraffenberger (1944) and Wilson and 

:Barch (1949) describing the abnormalities in litters of strains of rats 
' i 
lborn of mothers fed on rations deficient in vitamin A. Miller, Woola.m, 
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a.nd Tmmning (1954) described congenital b,ydrocepba.lus in rabbits fed on 

a. similar regimen. 

Wa.rka.ey (1954) reports that 53% of rats of vitamin A deficient mothers 

.were abnormal with 9Q% having ocular a.nd urogenital anomalies. 

Abnormal embryos induced by maternal vitamin E deficiency ba.ve been 

.• reported by Cheng, Chang, and Bairns on (1957). A single dose of d,l-a.lpha 

tocopherol acetate administered to the ~ta.minE deficient rats during the 

period from ~ 4 to 8 was adequate to protect the young but if identical 

thera.p,y was del~ed until day 9 110,11, or 12 of gestation there were large 

'numbers of young which showed a multiplicity of congenital abnormalities. 

Thirty-seven percent of "!;he live embryos showed<·one or more kinds of mal-

formations. "A study of the gross changes in the external form reveals 

tba.t as early a.s the 11th day of gestation the abnormal embryos show a. re­

tardation in development." Included in the list of abnormalities were ex­

encepba.lus, umbilical hernia, scolios~s, club feet, ha.re lip, receding 

maxillae, edema, b,ydrocephalus, webbed front feet, ectocardia., anencephalus, 

and kinked tail. 

Kalter and Warka.ey (1959) listed other avitaminoses which result 

in abnormal development in experimental animals. Deficiencies of ribofla,... 

vin, folic a.oid, a.nd pantothenic acid are included in the itemization. 

The deficiencies have been accomplished· either by removal of substances 

from the diet or by utilization of metabolic antagonists. Wilson (1959) 

, added vi ta.min B12, thiamine, biotin, a.nd vi ta.min D to the list of defi­

' ciencies which have resulted in congenital defects. 

12 
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I' 

Starvation 
. -·-r· 

Bunner (1959 a,b) described abnormalities of mice which were from 

mothers that had been starved during their pregnancy, By varying the de-

gree of starvation, Runner observed that certain foods had a sparing ef-

'feet on the embryo. The normal rate of abnormalities for the strain of 

mice used was 2;(,, Complete fasting during the 9th day of gestation re­

sulted in 22$> of the young having abnormalities, Not only did the 9th 

~ fasting resUlt in increased frequency of defects but there was also 

'an increase in resorption sites. Runner observed: 

Pour teratogenic agents; (insulin,. iodoacetate, X-illetcy:j. folic 
acid and fasting) produced similar abnormalities of development. 
,,, Administration of nutrients during the fasting period and 
use of teratogenic agents have proVided circumstantial evidence 
that carbohydrate metabolism may be selectively critical for 
morphogenesis of ~mbtyonic neural tube and for differentiation 
of precartilaginous mesenchyme. 

;en the basis of this observation, Runner (1959 b) suggested the following 
I 

~cheme as a possible way in which the e~erimental conditions described 

~be involved in teratogenesis: 

I 

I SUBSTRATE I 

carbohydrate 
.1. 

glucose 
i fast 

pyruvate 
~, iodoacetate 
~i'tric acid 

c;y-cle 

~TPN 
APN 

I ENZDIE COFACTOR I 

X-illetcyl 

glycine 
format~ 
(~) 
C02 

folic acid 

folic acid adenine 

'. J 
~ :uucleotide 

Jcleic acids 

-__ J ···-· ··--···-· 
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i. 

Fasting reduces the food available to the embryo for the embryo itself 

has no apparent food reserves. This results in a. reduction of the glucose 

available for conversion to p.yruva.te. Iodoa.ceta.te is seen to interfere 

with the conversion of pyruvate through the metabolic pa.t~ into the 

citric acid cycle. Folic acid antagonist, x-metb;yl folic acid, is in-

adequate to serve a.s the enzyme cofactor responsible for participating 

in the conversion of certain substances ordinarily available for use in 

energy transfer systems. 

Runner (1959a.) also worked with the combined effects of hypoxia, 

starvation, trypan blue, x-irra.diation, and ~ious anti-metabolites on 

morphogenesis of the axial skeleton. He combined five hours of b;ypoxia 
-

with fa.s~ing on the 9th day and obtained a.. 25% increase in abnorma.li ties 

over hypoxia. alone. He noted that the mode for abnormalities of the ver-

tebral column was located between the 5th and 6th thoracic vertebrae. 

In some .cases the mode shifted with combination of starving with other 

faotors. Associated abnormalities include cra.niosohisis, rib a.bnormali-

ties, and limb defects. The individuality of treatment defects were re-

cl.uced or disappeared on combination with starvation. 

Trypa.n blue 

Trypa.n blue has been used by a number of investigators concerned 

with embryological development and was first reported in this connection 

by Gilman and Gilman in 1948 (Wilson, 19?9). Hamburgh (1954) used trypa.n 

blue a.s a teratogenic agent to see if results obtained on exposure of nor-

mal mice would resemble those observed as a result of gene mutation. 
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Iuvestigators in physiological genetics have been using teratogens to aid 

in understanding the biochemical actions and morphogenetic factors con­

trolled by genetic mutations. The majority of malformations fall into two 

catego;ries in Hamburgh's work; 11a.. abnormalities of the anterior region, 

e.g. fa.ilur of the head fold to close, ••• resembling the mutation pseudo­

encephaly, §nil b. a.bnormali ties of the posterior axis, such a.s kinlcy', 

curzy, short, anl1 conStricted tails." In a comparison of results with 

those described by Bonnevie on genetically determined pseudoencepha.ly 

• and with Sd and bra.chyury mice :!;or the caudal abnormalities, Haml:Jurgh 

noted some differences and similarities. The absence of notochord seen 

in bracbyury was very rare in trypa.n blue treated mice but the blebs, 

twisting and folding of the neural tube were similar in the two instances. 

The to.il developed normally within ten cJ.a;ys but subsequently there oc­

curred a breakdown of the structure with associated hematomata.. This 

was characteristic of both Sd and the trypa.n blue treated mice. The 

• mechanism of action of the trypa.n blue upon the embryo wa.s considered 

by Ha.mburgh to be indirect. 

Fox and Goss (1957) studied malformation of the heart and great 

vessels produced in rat fetuses by the use of tryps.n blue. Farm (1958) 

. investigated the effects of the same agent on hamster development. The 

abnormalities recorded were limited to those of the cephalic-axial region 

and included hydrocephalus, encepha.locoeles, a.nd exencephaly. The first 

hydrocephalic to be noted in the animal colony occurred in nine of a 

litter of a control animal. 
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BeiiUdoin, Allan, and Wilson (1958} noted that theories on the 

. mechanism of trypa.n blue induced anomalies .gener!J.llY fall into three 

categories: (1) changes in maternal metabolism. which result in secondary 

effects on the embryo, (2) blockage of placental transfer, or (3) direct 

action on the embryo. By using the chick embr-.fo they eliminated the re-

quirement of action being through maternal and placental structures or 

the metabolism of these. By noting similar results when the dye was 

' placed in the yolk sa.c and direct}¥ underneath the blastoderm they were 

able to determine that action in the chick was direct}¥ upon the embryo. 

The abnormalities produced involved the neural, skeletal, and digestive 

systems. 

IA.Dgm•n and van Drunen (1959) investigated the effects of trypan 

blue on rabbit embryos to see if doses which produced malformations in 

the embryos ha.d any influence on maternal proteins. liB ha.d been noted by 

:other investigators,. the embryos appeared to be complete}¥ free of trypan 

blue although 17';£ of the embryos were malformed. The results showed that: 

During normal pregnancy there is a. significant trend toward a. decrease 
in total serum protein, serum albumin, alpha. and beta. globulin. In­
jection of a one percent trypa.n blue solution before and during preg­
nancy disturbs the normal proportion of serum proteins. A significant 
increase of total protein, albumin, alpha. and beta globulins, occurs 
during the first ten cl.B3'B of pregnancy in the treated animals. The 
disturba.nc13 is most seriuus 'during the time when differentiation of 
the major organ systems in the rabbit takes place. 

Wilson, Beaudoin, and Free (1959) determined that the· peak of tera.-

'togenio action in their rats would oc11ur when trypa.n blue was introduced 

during the 7th and/or 8th day. The maximum effectiveness, found to be 

during the 8th day, ocours just prior to morphological differentiation 
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(which occurs on the 9th da3r) of the structures effected. This time, how­

~ver, might be expected to coincide with the process of chemical. di:ti'eren-

tiation. The authors stated that dye administered on the 9th da3r or later 

has little or no teratogenic effect. 

&diation 

Brown (1931) gave a thorough account of abnormalities of the uro-

genital system which bad developed in the offspring oi' a pair oi' mice that 

had been irradiated prior to conception. This is an inStance of direct 

effect of radiation on the germ plasm and prodnction of genetical.zy con-

trolled abnormalities. 

Rugh (1954) has reported on the effects of ionizing radiation on 

embryonic developnent in the frog. The new:cy fertilized egg and blastnla 

sre found to be the most radiosensitive stages whereas the ovarian egg, 

neurula., and older tadpole sre the most radioresistant. The reasons given 

for this are (1) the state of the chromosomes (which are highzy con-

densed and perhaps more exposed during meiotic and mitotic development 

tha.n interphase), (2) the relative potency of the blastomeres (in that with 

progressive divisions more sharpzy defined responsibilities develop), and 

(3) the presence of cells differentiating into vital organ primordia (with 

development of new molecular and cellular associations). 

It can be said that aey embryonic stage (excepting the tadpole) is 
infinitely more radiosensitive than the adnlt of the same species, 
by aey criterion or estimation. This may be related to the pro­
tracted period of differentiation or the central nervous system and 
its accessories. 
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Bussell (1950) exposed the maternal organism to controlled x-r~ 

1

for one dose during the period from i - 13i ~ of gestation. The rat 

I 

embryos showed abnormalities of tbe anus and urogenital system. His re-

sults will be considered in more detail later in the paper. 

Wilson (1954) observed the relationship between differentiation 

.and susceptibility of rat embryos to radiation. He noted general agree-

ment tha.tt 

l'roliferating cells may show any of three such reactions £:to radia­
tioib (1) death may occur without e.ey- further cell division, (2) mi­
tosis may be temporarily inhibited but later resumed at an approxi­
mately normal rate, or (3) subtle genic alterations (somati·c mutations) 
may occur, but not be manifest until late by faulty differentiation of 
descendent oells. 

In a discussion following presentation of this paper, Kimball {ibid.) ob­

served that there would be some difficulty defending somatic mutation as a 
. 1 

' 
factor "because these, '/iomatic mutatioli!T should be induced at all stages 

of development not only o.fter the eighth day." 

Sikov and Noonan (+958) varied the mode of exposure to radiation 

by use of radiophosphorus.· Their notation of an increase in incidence , 

and severity of malformations nth increased dose end dependence of mal-

formations on the time of exposure agrees with the observations recorded 

in all papers read. Defects of tbe urogenital system were observed in 

this group of experimental animals. 

Cortisone 

Fraser and Fainstat (1951) have treated pregnant mice with corti-

soneo Five groups of animals nre used, only one of which was genetically 

heterogeneous. Each gravid animal received treatment over a four day 
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period; dosages were varied among the individual animals. Cleft palate 

was the abnormality studied because of its ease of diagnosis a.nd suite.-

bility for statistical analysis. ·The incidence of the defect was sig-

nificantly different among some of the groups, ~eating that the sus­

ceptibility to this particular deformity as a result of exposure of the 

maternal organism to cortisoDeis tempered bw the genetic composition of 

the experimental animals. 

Temperature 

Smith (1957) reduced the body temperature of gravid hamsters for a 

single exposure of 25-30 minutes or 45-48 minutes during the interval from 

t - 15l ~ of gestation. Temperatures were taken to below 0°C. Thawing 

a.nd reanimation were accomplished by warming the whole body by diathe1'111Y 

a.nd giving artificial respiration. Normal numbers of healthy animals were 

found ~t sacrifice following expos~e for thirty minutes during the 1{- -

Bt iUcy' period or after 13y ~ of gesto.tion. By contrast, freezing for 

45 minutes during the ll - 8! day period of gestation resulted in "arrested 

development or caused malformation of most of the fetuses." The abnor-

malities described include lzydrocephalus, a.nencepha.l;y, herniation of the 

brain, absence of one or both eyes, hare-lip, cleft palate, a.nd deformities 

of the feet. 

Irnnnmo logico.l methods 

Weiss (1947) reported on the results of injection of early chicks 

with antiserum prepared in guinea pigs against adult chicken liver, kidney, 
! 

a.nd pectoral muscle. :Body weights of the injected embryos at fierm were 
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:below average, but the organs again.st -which the antisera were injected 

showed evidence of positive growth stimulation. A stimulating effect 

was identified whether antisera were used or direct transplantation of 

6 da,y embryonic organs to the area. va.sculosa of 4 da.y embryos was effected, 

This in.stance of stimulation u,y tissue transplantation is to be contrasted 

with one phase of the work of Gluecksohn-Wa.elsch (1957) in which injection 

of tissue extract of mouse brain into female mice ever ·a two week period 

before mating resulted in abnormal clevelopment of the embryonic central 

nervous system. Heart extract had no effect on brain formation. Neither 

:brain nor heart extract had an effect on the heart formation. Weiss' 

work was stimulated by interest in the possible "gang" function of a par­

ticular intracellular molecular species in mastering the surface charac­

teristics of the differentiating cell. The direct stimulating effect of 

antibod3' noted by Weiss seems counter to the expected depression, but he 

proposes that the antiboq may serve as a template for elaboration of' 

more of the master molecule under the experimental conditions. Glueck­

sohn-Waelsch 'WliS interested in the possible correlation of maternal anti­

pody formation in erythroblastosis f'eta.lis and selective congenital tissue 

or organ deficiencies. The one time introduction of a.ntibod3' into the 

chick egg is not comparable to the contiiiiling onslaught of maternal a.nti­

l>odies (which apparently occurred in the mouse experiments) , but the op­

posite effects are none the less interesting. 

20 



Hemorrhage 

Wilson (1953) produced severe hemo=hagic anemia. in pregnant ro.-ts by 

allowing blood -to :flow .freely from -the caudal vein until a.-t l.ea.s-t five mil­

liliters were collected on each of -three successive da.ys beginning with ~ 

7,9,11, or 13. Only when bleeding had been ini-tiated on the 7-th~ wa.s 

·-there a.n indication of increased anomaly formation. The 9-th da.y wa.s given 

as the -time of mesoderm formation a.nd -the 10-th as -the beginning of orga.no-

; genesis. Anomaly rate was 7 .(I{., a. mild degree of re-tardation wa.s observed 

in a. few specimens, and a slight increase in -the number of resorp-tions wa.s 

'noted. The abnormalities observed were limited -to -the skeleton a.nd central 

nervous system •. 

B.ypoxia 

Fischell (1912) an-ticipated -the later use of eypoxia. a.s a. -teratogen 

:in his observation of -the varying degrees of sensitivi-ty of eggs -to a.l­

·-tera.-tions in oxygen supp,ly• Interes-t in -the role of eypoxia. in embryonic 

development ha.s perhaps been prom-tad by observation -that a.n-tioxida.n-ts had 

.been used a.s -tera.-togens over -the years, by interes-t in problems associated 

with aviation pbysiology, and further by -the fact -that -this is one of -the 

few agents used experimentally which might conceivably pley a role in -the 

natural production of mons-trosities. The rather extreme reduction of 

oxygen -tension which must be used -to produce morphologically-expressed 

abnormalities are not likely duplicated under na.-tura.l conditions. However, 

failure of diffusion, inadequate vascularity, etc. could give -tissue 

ia.noxia. even in -the presence of adequate oxygen in -the environment breathed 

by -the mother. 
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Ingalls (1950) reported on use of anoxia. to facilitate study of con-

genital anomalies by the epidemiologic method. Oxygen deficiency is one 

' , factor which would enter into the epidemiologist's trilogy of interacting 

',forces, agent, host, and enviroDment. In addition to rubella., syphilis, 

; and toxoplasma. as three infectious agents which have been proved to cause 

congenital defects, Ingalls observed that he and Gordon in 1952 noted that 

• 11 ••• metabolic as well as infectious agents ••• are generally capable of 

'causing anomalies when acting in .sublethal doses at· critical stages of 

;developnant." Ingalls, Curley, and. Prindle (1952) reported on the effects 

'of timing and degree of anoxia as factors causing fetal deaths and con-

• genital anomalies in the mouse. An altitude chamber had been ·constructed 

'l'lhich would allow regulation of vacuum and constant replacement of hn-

'midified air. Gravid, unpedigreed mi'ce were exposed to eypoxia at re-

,duced £l.tmospheric pressures equivalent to 2?,000 or 27,000 feet for a. 

;period of five hours. Mice were exposed once until a total of ten had 

,been subjected to eypoxia. on each of ,17 dayS between, days 2 - 8 1 inclu­

sive. The specimens were removed from the uter:us on the 19th day and ex-

,amined ·macrosqopically for external and. internal abnormalities. ·Evis-

, cera.tion was followed by fixation and preparation of the skeletal struc-'" 

•tures by use of a.liz£l.rin red. The J:!ighest percentage of death (or resorp­

•tions) and abnormal embryos resulted from exposure to 27,000 feet for five · 

\hours during the 7t - ut day interval of gestation. The type of anomaly 

rproduced was dependent upon the time of exposure. Included in the list of 

;defects were, "in order of onset, septal defects 1 anencephaly, irregulari-
1 

ties and fusions of ribs and vertebrae, cryptorchidism, cleft palate 
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'§ccasionally associated with micrognathiy and open eye.'' In addition 

:to these have been retinal defects and hydrocephalus. Ingalls conunents: 

It is reasonable to believe, that the mode of action of the low-pres­
sure insult is primarily anoxia of. both mother and progeey brought 
about by lowered arterial saturation and tension, resulting in low 
tissue oxygen in the mother and fetus and local stress of those 
rapidly differentiating tissues that are known .to have a growing 
capillary supply and a high demand for gaseous interchange. Doubt­
less maey homeostatic mechanisms and enzyme systems are ultimately 
impared, and certainly capillary damage plays a role in the patho­
genesis of the induced anomalies. 

The role of vascular abnormalities was considered by Tedeschi and 

Ingalls (1956) who observed hamartomatous defects in associ'!-tion with 

:cranioschisis, hemi-vertebra, rib d;,.fects, kinlcy' tail, cleft palate, and 

,abnormalities of the eye. The vascular abnormalities did not seem to be 

,"stage specific" but rather reflections of a general sensitivity of the 

'mesenceyme involved in the development of the vascular system at the time 

:of exposure. The value of laboratory experiments in contributing to an 

' 
:understanding of congenital defects has been compared by Ingalls (1956) 

to the usefulness of the fruit fly in genetic studies. 

Ingalls, Kelemen, and Curley (1957) studied the development of the 

inner ear of mice after a single exposure to altitudes between 27,000 and 

·40,000 ft. for five hours between the 9th and 18th day of gestation. The 

',complete absence of detectable defects was thought to be related to the 

relative avascularity of the organ at .the time of the .bypcxic stress. Fur-

'thermore, the ossicular chain was considered to fall into the category of 
i 
!primordia and undifferentiated precursors, which along with fully differen-

:tiated structures, are relatively resistant to teratologic injury •. 



In view of the increasing number of investigators utilizing by-

poxia to stu4y congenital defects and to enhance expression of character-

istics .determined by recessive genes, Curley and Ingalls (1957) exposed 

.mice during the loth da.y of gestation to two hours of hypoxia. a.t normal 

:atmospheric pressure by using fifo oxygen in a.n atmosphere of nitrogen. A 

,survey of skeletal defects revealed malformations of the kind obtained on 
I 

:exposure of 8,9, and 10 da.y gravid females to five hours of hypoxia. a.t a.n 

1,a.ltitude of 25,000 to 27,000 ft. The fifo oxygen is described as comparable 

1to a.n altitude of 30,000 feet. Neither time, duration, nor altitude in 

this stu4y were equivalent to. the .conditions under which Ingalls' other 

!experiments were run. 

~nga.lls and Philbrook (1958) investigated the effect of reduced 

:oxygen tension on embryogenesis of Fundulus heteroclitus and zebra. fish 

eggs in a.n experiment somewhat paralleling those of Stockard (1921). 

Four batches of eggs were placed in sea. water tha.t ha.d been scrubbed 

lrlth nitrogen. The atmospheric pressure was then reduced to a.n eqUiva­

lent of 60,000 feet with one test series held a.t 70~ and the other at 

B6~. Exposure for 5 - 20 hours was required to obtain systematic pro-

duction of anomalies. 'Anomalies included a.nophtha.l!llia, microphthalmia, 

cyclopia., rumplessness, hydropericardium, and conjoined twins. These 

defects were obtained by exposure of eggs a.t various stages from the 

two-cell stage to· the gastrula stage. There was some overlapping of de-

;facts among the various stages. The authors concluded tha.t "heating a.nd. 

hypoxia. combined registered a greater teratologic impact on the embryo 

I 
tha.n hypoxia. alone." 
' . 
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Holland (1958) exposed two groups of gravid rats to h;ypoxia from 

the 18th to the 21st day of gestation after sham adrenalectomy of one 

group and bilateral adrenalectomy of the other to see if lzypoxic stress 

might be a factor in enlargement of the fete.l adrenal gland. He eon-

: eluded that, "it is not certain the.t e. relationship exists between the 

relatively lzypoxic environment the fetus is in near term and the adrenal 

'enlargement present in most animals e.t birth." 

Barber (1957) in e. pe.per entitled, 11The effects of maternal lzypoxia. 

' on inherite.nce of recessive blindness in mice", described the results of 

trypan blue treatment of feme.le mice, possessing recessive genetic fa.cters 

: for bilateral a.nophthe.lmie., made gravid by me.les having dominant factors 

for normal eyes. Slightly less the.n he.lf of the survivors had unile.tere.l 

I anophthalmia.. She suggested that, "e. teratogenic e.gent me.y create e.n en­

: vironmente.l stimulus or metabolic disturbance in the uterus comparable to 

that controlled by e. genetic complex e.nd result in the expression of a. re-

eessive congenital trait that would otherwise be suppressed." The use of 

the term hypoxia. in Barber's paper is apparently be.sed upon theories that 

trypan blue causes excessive phe.gocytosis of erythrocytes in the mother 

or blocks placental transfer, either of which might result in eypoxia. of 

the embryo. 

Degenhardt (1954) investigated the results of short term exposure 

of pregnant rabbits te o:x;ygen deficiency during the 8th to loth day in-

terval of gestation. He noted that the gestation period was prolonged e.s 

a. result of lzypoxia and that the re.te of malformations increased e.s the 

duration a.t altitudes wa.s increased from four hours (23% showing 
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malformations) to seven hours (39}£ showing malformations). Twenty-two and 

one-tenth per cent showed congenital abnormalities of the centra.l nervous 

system and 38.6% showed abnormalities of the skeletal system. The abnor-

mallties were observed only in animals which bad been exposed to oxygen 

deficiency during the 8th to 9th days of gestation. One ca.se of hydro-

nephrosis was described. In view of the ra.nge of defects observed, Degen­

hardt ooiD!llents, 11Morphogenetisch is die .Annahme berechtigt, dass die 

kritisohen Differe~ierungspha.sen der genannten Organanlagen zeitlich eng 

koordiniert sind. 11 

MUrakami (1955) exposed mice during the 8th day of pregnancy to 

reduced atmospheric pressures ra.nging from 250 IIDll· Hg to 400 mm. Hg for 

a period of five to six hours. He noted that abnormalities of the ner-

vous system were most abundant. One of his SUID!lll!.rY statements read, 

11Thus it was presll!Ded that an air-ride in a pressurized plane for several 

hours may not be harmful to the development of human embryos in ear!y 

stages." 

Nelsen (1958) achieved loW oxygen tension in his work on ear!y 

chick development by using a variety of mixtures of oxygen, co2 , and 

nitrogen. .After equilibrium bad been established within the chamber, a 

constant flow of humidified ga.ses wa.s effected and temperature of the 

0 chamber held to 37.5-38 c. The eggs were exposed :from the beginning of 

incubation for varying lengths of time to determine the sensitivity of 

various stages of development to abnormal proportions of ga.ses at atmos-

pheric pressure. Nelsen observed that the requirements of the primii>i"Ve 

streak for oxygen increased from a low of 2%. toward a high of 6% as it 
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developed from the beg:inning streak, through the broad streak, to the de-

fi.nitive streak, and on to the head-process stage at 20-24 hours. While 

, these concentrations were adequate for streak development, he noted that, 

"individuation of the various rudiments, particularly of the head, is dis-

turbed. 11 .As development prooeded, it was found that the oxygen requirement 

increased. TwelVe to fourteen percent oxygen was described as permitting 

normal development through the first two days. Re concluded that, "two 

levels of minimal oxygen are evident, namely, the level necessary for the 

development and function of the primitive streak and the level required 

for ~rmal development of the individuating rudiments." 

Grabowski and Paar (1958) having noted the use of extremes in hypoxia 

by teratologists were determined to ascertain the effects of graded doses of 

hypoxia on the chick. They mentioned the work of other investigntors who 

used partial vacuum, eggs coated with impervious substances, and hypoxia 

at normal atmospheric pressure. 'Reference was also given to studies of the 

effects of hypoxia on amphibian embryos. Grabowski and Paar introduced the 

eggs to a large, warmed dessicator in which soda lime had been deposited to 

absorb carbon dioxide and the walls of which had been moistened to ma.intain 

a moderate degree of humidity. The oxygen content of the chamber was varied 

from 29.2% to 1.8% of normal; eXposure was for a six hour period. In this 
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most analytical appraisal of hypoxia, the authors concluded that oxygen con­

centrations of more than 75% of normal constitute a "latent range" where fre-

quency of anomaly formation 'Wils not significant. Below 60}1; there1111S a great 

i variety of a.no~lies. Susceptibility in9reased with age until at some point 

death _and anomaly rates were equivalent and then the latter was surpassed. 

i 
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Historical Development of Research on The 
Intorrola.tionohip of Vertebra.tG Kidneys 

Haekel's biogenetic principle perhaps found its greatest number of 

' adherents among students of vertebrate embryology through their familiarity 

with the fascinating sequence of events which occur in the developsnent of 

the kidney of the higher vertebrates. The relllgation of the primitive kid­

ney (the pronephros) to adult functional status in the Agna.tha only, the 

ear~ larval dependence on the pronepbros before assumption of its function 

by the mesonepbros in more advanced vertebrates, and the final, cursory 

acknowledgement of a pronepbros but dedication to even better things than 

"the mesonepbros by the amniote development of the metanepbros, certainly 

would all lend their support to a. theory of recapitulation. A more cri-

tical examination of the developmental sequence produces, on the one 

hand, evidence which increases one's admiration of the basic set of rules 

which are inviolate for perpetuation of all forms of life, and, on the 

other hand, causes one to smile at the details of pbylogeey which are 

slurred over during ontogeny. 

Investigations of development of the excretory system have been 

concentrated to a. great extent on development in the amphibians and in the 

chick. By use of vital eyes, Vcgt (Holtfreter and Hamburger, 1955) was 
"' 

able to trace the progression of blastula. and gastrula cells into position 

prior to morphological differentiation. The regularity of migration 

enabled embryologists to prepare maps of potential nepbrogenic areas long 

before they became either morphological~ differentiated or even localized 

in their respective areas of development. 
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The proneVbros and m~sonephros 

Holtfreter1s (Holtfreter and Hamburger, 1955) interference with nor­

ma,l amphibian development by placing a. blastula into a.n a.bnormal environ­

ment consisting of a. slightly hypertonic physiological salt solutio,n resulted 

in the entomesoderm paasing toward the dorsa.l lip but then exoga.strula.ting 

ra.ther tha.n involuting. Within the exoga.strulated a.rea. pronephric tissue 

developed. This teratologic approach to the study of regional potentia.li~ 

ties certaizlly indicated that assumption of a.n abnormal position by the onto­

mesodermal cells inv,o·lved did not prev!!nt their differentiation ~ further 

showed that their subsequent differentiation had alre~ been subject to 

some regulatory factors. 

However, in addition to me.;ppP~g the organization of early undif­

ferentiated embryonic tissnos, a.n approach to the sequential a.nd depen­

dency relationships of organ systems was found by methods which interforrod 

' with normal developmental processes of tissues during their differenti~ 

tion. The problem posed by Schreiner (1902) with regard to the interrela­

tionship of pronephros and mesonephros has been attacked by a number of in­

vestigators. The confiscation of the pronephric duct by the mesonephric 

kidney under the guise of eminent domain had suggested a dependency, but 

this had not been experimentally proved. Yachemer (1929) observed the 

Change in competence of the posterior nephric tissue of the amphibian Triton 

alpestris between the neurula and the 7 - 8 mm. larval stages. Transplanta­

tion of as yet undifferentiated posterior nephrogenic tissue from an older 

larva to the pronephric area or to the eye socket of a neurula resulted in 

formation of mesonephric tubules. Machamer concluded that tho mesonephric 



a.nl.B.ge in its development is subject to a.t loa.st two determinative sub­

stances 1 the. first prepares tho a.nla.ge of tho neurula., the second tha.t of 

the tailbud. The substance involved in the earliest determination is desig-

nated for building of the basic duct, not for the building of typical meso,-

nephric tissue. The substance which acts later determines the potential of 

the tissue to form mesonephric structures. Thus the function of time in 

differentiation of the nephric ridge a.roa.YSS indicated. 

Miura (1930) extirpated tho pronephric duct of the frog neurul.a and 

noted tha.t although the duct failed to regenerate, the mesonephric duct de-

veloped in the absence of tho pronephric duct. If there was partial extir­

pation cf tho pronephros with subsequent dilatation of the pronephric tu-

bules, the development of the mesonephros was ha.stened. Shima.saki (1930b) 

observed successful development of the mesonephros in situ and in trans---
plants either vi.th or without associa.tiorull'i:ththe pronephric duct, Trans-

pla.nts did develop more luxuriant~ in the presence of a pronephric duct 

but he concluded tha.t the pronephros ha.s no directing influence on tho de­

velopment of the mesonephros in tho frog larva. Although pri.ma.ry meso-

nephric tubules. develop in the absence of the pronephric duct, it was ob­

served tha.t the secondar,y and tertiar.y tubules do not develop under these 

circumstances. Bilateral extirpation of the pronephros did not affect the 

development of the mesonephros (Shima.saki, 1930a.), but tubule developmeJ).t 

wa.s. more normal if preceded by development of the mesonephric duct. This 

is related to a developmental history in which secondar,y or tertiar.y tu-

bules fail to develop in the absence of the Wolffian duct and not due to 

mecha.nical factors {Shima.saki, 1930b). 
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Humphrey (1928) explored the developnenta.l potencies of the inter­

mediate mesoderm of .Amblystoma. in germ stages 21-34 when transplanted into 

ventrolateral sites in other embryos and found normal developnent of meso­

nephric tubules independent of the Wolffian duct. 

Boyden (1927) approached the relationship o:t the mesonephric ducts 

and tubules by interrupting the normal course of development in the chick. 

When the growing tip of the mesonephric duct was damaged by cautery, the 

duct failed to develop posterior to tha.t point. llesonephric tubules did 

not develop caudally nor did a ureter form, although the metanephric con­

densation was not prevented from appearing. 

GrUnwald (1937) fowid tha.t the mesonephric tissue would differen­

tiate only in the presence of the Wolffia.n duct. His second observation 

dealt with the fact tha.t lesions of the posterior Wolffia.n duct resulted 

in failure of the ureteric bud to develop and subsequent failure of meta­

nephros formation. A comparison was ma.de of the dependence of the meta­

nephric tissue on the ureter and' of the dependence of the mesonephric tu­

bules on the mesonephric duct. He further observed tha.t developnent of 

the Mullerian duct in hwna.ns follows the lead of the Wolffian duct and 

will not develop significantly in its absence. The gonads were recog­

nized a.s being independent of rena.l development. Grunwald reviewed the 

literature and noted tha.t Hunt had transplanted parts of chick embryos to 

the the chorioallantoic membrane and obtained full development of the meso­

nephros, but observed that the transplant had been ma.de after development 

of the mesonephric duct had begun in the donor. Gruenwald (1942) observed 

that introduction of normally non-nephrogenic mesenchyme into the path, of 
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the developing mesonephric duct general~ either prevented further de­

velopment of the duct or caused a deviation of the duct from its normal 

course with premature termination or resumption of its course after pass­

ing the obstacle. The Wolffian duct did not elicit nephron formation in 

non-nephrogenous tissue, but contrary to Gruemvald's and Boyden's earlier 

reports, Gruenwald uoted that mesonephric tubules, more or less vestigial 

in form, can develop in the absence of the mesonephric duct. He observed 

the formation of mesonephric tubules adjacent to a ganglion and suggested 

that nervous tissue might be capable of inducing mesonephric tubule forma-· 

tion in the absence of the normal physiological inductor. In one instance 

the.Wolffian duct induced formation of mesonephric tubules in the meta­

nephric blastema. On the basis of this observation, Gruenwald concluded 

that there is o~ 11 one nephrogenic potency which responds by mesonephros 

formation to the stimulation by the Wolffian duct, and by metanephros dif­

ferentiation to induction by the ureteric bud." In two cases the Wolffian 

duct had ended on the surface of the embryo,. apparent~ diverted from the 

normal path by the grafts. No tubules were found near these ducts. 

Hoadley (1925) investigated the developnent of the nephrogenic tis­

sue of the chick blastoderm. The nephrogenic tissue lies posterior to the 

primitive knot in the anterior two-thirds of the primitive streak. Because 

of the sequence of formatial of secretory tubules, glomeruli and, final~, 

the duct, Hoadley concluded that the pronephros and mesonephros are homolo­

gous and that the more specific differentiation in the grafted tissue was a. 

function of a.ge. This conclusion coincides with that. of Ya.ohemer (1929) 

suggesting a. similarity in development of the nephrogenous tissue of 
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amphibians and ~vians studied in that the difference in determi~tion of 

tissue into mesonephros r~ther than pronephros is ~ function of time during 

which differenti~tion ~ take place. 

Bremer (1916) noted the consider~ble difference between mesonephric 

developnent in different clMses. of ~ls. He noted that, while well­

endowed mesonephroi were developing glom.eruli in such~ ~l M the pig, 

Wolffian bodies of the r.~t, for example, were degenerating. The degenera­

tion occurred prior to functio~l differenti~tion of the metanephros ~ 

without formation of glomeruli. Bremer observed that "there appears fJn. 
the ra~ ••• ~t ~bout the time of normal development of glomeruli in other 

groups the developnent of glomerulus-like structures in the p~en~ -

that the placental-endometrial relationship is identical with that of 

mesonephric glomeruli and capsules." 

Gersh (1937) described the correlation of structure·and function 

in the developing mesonephros and metanephros in rabbit, cat, opossum, 

pig, and chick. He stated, however, that'no relationship is indic~ted 

between structure of the allantoic sac or p~en~ and the time of de­

generation of the mesonephros" in these animals. 

The metanephros 

Schreiner (1902) reviewed the literature of the ninsteenth century 

which ~ been devoted to ~ study- of development of the amniote kidney and 

stated that the advances which were made in understanding rel~tionships 
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within the urogenital system were slow, largely because of limitations in 

technique. He mentioned Valentin's work with the human in 1835 and Reichert's 



investigation in 1840, in which both observed formation of the ureters 

from the ureteric bud. · Remak (1855, cf. Schreiner) reported the meta--

nephros of higher vertebrates as being an outgrowth of the cloaca. 

Kolliker (1861, cf. Schreiner) in studying the humtl.n and other hi~er 

vertebrates observed the club-shaped terminatioJ7l of the ureter in the 

metanephric area li.nd reported that the inner· portion formed the calyces 

Slldnephrons mule the outer portions .formed the glomeruli. Schreiner 

also recorded KUpffer's conclusion that the outer layer of tho met­

nephric blastema came to form the nephrons i•unabha.ngig von dem Nieren-

becken und den Zellen der inneren Zone. 11 Sedgewick (ibid.) described 

the development of the metanephric blastema in the chick and observed 

that the kidney blastema collects around the end of the ureter and from 

these collections the kidney tubules grow out. 

In his monumenta;t work, Schreiner described the embryological 

development of the excretory systems of the reptile, bird, and mammal. 

His realization of the intimate relationship of the Wolffian duct of 

the mesonephros and the development of the metanephros after contact 

with the ureteric bud led him to conclude; 

Der Unterschied zwischen einem Vornieren und einem Urnierenkanal­
chen ist ds.rum nicht = in der lfa.terialverwendung, sondern auch 
in dem Material selbst gelegen. Dieses Verhalten bedingt, wie 
mir scheint, einen viel tieferen Unterschied zwischen Vorniere 
und Urniere als zwischen letzterer und Nachniere." 

Pohlman (1905) prepared a paper entitled, "Abnormalities of the 

kidney and ureter dependent on the development of the renal .bud•" Based 

largely on material studied in llall's collection and autopsies 'Which he 

had performed himself, Pohlman prepared a diagram of various anomalies of 



of the kidney and ureter which were dependent upon developnent of the 

renal bud. The combination of abnormalities included, however, a broader 

1'!1Jl8e, for his illU8trations also depict atypical renal positions due to 

failure of normal ascent of the kidney to its U8ua.l position. 

Fischel (1912), in following the studies of Schreiner, conjectured 

that jU8t as the pronephros of the huma.n is important only as a rudiment, 

and the mesonephros has a similar fate, perhaps the significance of the 

latter rests with a. causal relationship between the ureteric bud a.ud the 

nephrogenic tissue of the metanephros. Fischel noted from his own study 

that failure of the ureteric bud invariably results in failure of dif­

ferentiation of the metanephros. He considered this a mutual dependency 

such that neither anlage can differentiate without reference to the other. 

The possibility of the metanephric tissue directing ascent of the urete~ic 

bud wa.s mentioned. 

Boyden (1927) ha.d observed that "neither the mesonephric nore meta­

nephric tubules develop in the absence of the Wolffian duct from territory 

adjacent to the appropriate nephrogenic tissue." 

Gruber (1929) reviewed much of the literature on abnormal develop­

ment of the kidney and ureter and, in mentioning Chwalla. 1s catalogue of 

more than 120 human dissections, noted the similarity in excretory anomalies 

of humans and animals. He referred to von Gierke's description of an inter­

relationship of ureter and pest cardinal vein and suggested that the latter 

JJUcy" get in the ~ and require an WlllSua.l path of development for the ure­

ter. 
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In 1931 Brown reported on the histological study of a strain of mice 

derived from a previously x-ra.yed psir (Bagg, 1925) in which there was a 

high incidence of abnormalities of the kidneys. Her observations indicated 

that failure of the ureter to gain access to the metanephric blastema was 

the immediate cause for metanephric agenesis. More l:lasically ilwolved was 

anomalous developnent of certain components ·Of the vascular bed. She ob­

served that in the. mouse a correlation appears to exist between the met&­

nephric blastema and ureteric bud in that the amount of rudimentary blas­

tema present is in proportion to the degree of ureter developnent. She 

states, "I am, therefore, inclined to disagree with Pohlman ( '05) that 

the Wolffia.n anlage is completely responsible for stimulating kidney de­

velopment." If either of the anlagen is retarded, there mey well be 

failure in kidney formation. 

Griinwa.ld (1937) reviewed Willier's transplantation of metanephric 

tissue to the chorioallantois and its subsequent development. The trans­

plants successfull~ differentiated into metanephros only when removed from 

five day embryos, by which time the ureteric bud has grown up to the renal 

anlage. It will be recalled that in his own experiments GrUnwald noted 

failure of the ureteric bud to form in chicks and stated that the met&­

nephros was dependent upon the caudal end of the Wolffian duct just as is 

the mesonephric tissue dependent upon the duct. 

Gruenwa.ld (1942) had observed formation of mesonephric tubules in 

the metanephric blastema by induction S.S!Iociated with the Wolffian duct 

and referred to a difference in behavior when the mesonephric and meta­

nephric blastemas are unstimulated by their 11~iologic inductors." 
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Gluecksohn-SchoeDheimer (1945) described a. simple domina.nt gene, 

Sd, a.s responsible for absence or reduction or one or both kidneys in 

heterozygote mice. In her dissections it was revealed tha.t agenesis was 

due to failure of the ureteric bud to form or to reach the metanephric 

a.rea.. Renal eypopla.sia. occurred in maJ:lY instances but the ureter was 

a.lwn;ya prj!Sent under these circumstances. The same a.uthor presented 

a.dditiona.l information on the excretory system of Sd mice and observed 

that development was norma.l up to the time of ureter formation from 

the mesonephric ducts. It is interesting to note tha.t Gluecksohn­

SohoeDheimer (1949) observed tha.t whatever kidney develops in Sd+ mice, 

there is a. normal quantitative relationship of medullary a.nd cortical 

tissue, This relationship adds weight to the observations of Brown 

(1931). 

Potter (1946) ha.d surveyed results of over 5,000 autopsies of 

fetuses and newborns and recorded twenty ca.ees of rena.l agenesis, It 

is interesting to read he~r comment tha.t "whatever a.gent prevents out­

growth of the ureteral bud from the Wolffian duct iDhibits the caudal 

extension of the Mullerian duct. The Wolf~ian dll.cts a.re not intrin­

sica.l!y altered and in all ma.le fetuses ... " the reproductive and a.c­

cessory glands are normal. Auer (1947) contributed a. ca.se of bila.tera.l 

agenesis a.ssocia.ted with rudimentary Wolffian bodies a.nd ducts in a. 15.5 

mm. crown-rump human embryo, He observed a.bnorma.lities in the vascula.r.:,. 

iza.tion of mesonephric tissue and tha.t the rela.tive!yfew mesonephric 

glomeruli wore a.typica.l. .A. surprising statement is tha.t 11a.s vessels pllq 

a. ra.ther pa.esive role in ontogeey, it is believed tha.t they a.re not 
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responsible for these extensive anomalies." 

Additional information about normal relationships of nephrogenic 

structures bas been obtained by experimental tera.tologists. Wilson and 

Warka:Dy (1948) reported a high incidence of malformations of the genito­

urinary tract in mice born of mothers supported on a diet deficient in 

vitamin A. The defects were associated with displaced or absent kidneys. 

Ureters were always present, rarely malformed, 11but with great ··regularity 

they were found to terminate at abnormal sites in the lower G.U. tract." 

In the course of discussion of bilateral renal agenesis, Yacht 

(1950) referred to Ya.disson 1s theory that a defect in the germ plasm 

might cause ab~ormality in the development of an orga.n such as the kidney. 

Yadisson's suggestion came after he had noted bilateral renal agenesis 

in siblings. No similar reports were known to Yacht. 

Orsini (1952) describpd a piebald line of hamster in which there 

was an association of growth retardation, aplasia of the female urino- · 

genital tract and the degree of piebaldness. The degree of abnormality 

ranged from complete absence of a kidney to failure of development of a 

portion of the uterine horn. Although genetic determination of renal 

agenesis bas not been identified in bnmans, genetic factors have thus 

been found to affect the frequency of a renal anomaly in development 

of other mammals. 

Carpentier and Potter (1959) noted a combination of abnormalities 

which were frequently associated with bilateral renal agenesis. They 

further noted that there was a 3:1 ratio of bilateral agenesis between 

males and females in the human. 
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Grobs:tein and colleagues ba.ve undertaken a. fascinating study of in­

ductive relationships in embryoDic developnent. In 1953 Grobstein isolated 

very early rudiments of submandibular gland bud epithelium (13 da.y) a.nd 

kidney bud epithelium (11 da.y) from ®.ce. Both buds were already within 

their respective mesenclzyma.l condensations. The mesenchymal components 

were enzymatically sepa.ra.ted from the associated epithelial tissue. The 

mesenchymal masses were then subdivided and cultured circumferentia.lly 

about the epithelial buds. In a.ll cases the mesenclzyme condensed about 

the epithelial tissues. Kidney mesenclzyme began differentiating into 

tubules about the ureter and a.ciDi developed within the submandibular 

capsular mesenchyme. Kidney mesenolzyme also differentiated into tubules 

after aggregation about submandibular epithelium. Grobstein ba.d found 

tba.t dorsal neural tube of the mouse embryo would induce tubula.tion of. 

metanephric mesenclzyme in culture (recall Gruenwald's observations in 

1942). By placing meta.naphric mesenclzyme on one side and. dorsal spinal 

cord on the other side of Millipore filters, he studied the induction of 

kidney tubule formation. Three filters of known porosity and thickness 

were used. After culturing., the filter preparations were examined with 

the light microscope, phase microscope, and then the electron microscope. 

The possibility of cytoplasmic contact between tissues on the two sides 

of the finest filters (i.e. with least porosity) "a.ppeus to be negligible. 

It is concluded that ind.u.ctive activity in this system is not dependent 

upon cytoplasmic contact and hence is resident in materials which are a.t 

least potentially extra.cytoplasmic." 
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:tt has been noted that interest in embryonic development has existed 

for some i>ime. Studies of morphogenesis were at first accomplished in a 

surprisingly systema.tic manner such as is exemplified by Aristotl.e's exami­

nation of the avian egg, but accuracy of observation was subjected to teleo­

logical interpretation.. The authoritarianism of Aristotle unfortunately per­

sisted through .the centuries with the apparent unwillingness of independent 

observers to break through to really significant principles of development. 

The ema.ncipation from spontaneous generation foreshadowed b,y Harvey, 

the stimulation produced by debate between epigeneticists and preformists, 

and the experimental approaches to problems of development begun by Roux 

and Spemann have opened the.field for remarkable achievements in the techno­

logical revolution of our time. :tt is against this background that :t pre-

. sent a consideration of the res.uli>s obtained by use of b;ypoxia. as a tera­

togen in understanding the normal development of the excrei>ory system of 

an albino strain of Mesocricetus aura.tus. 



All animals used were non-inbred albino hamsters '(Mesocricetus 

auratus) supplied by Bio-Research Consultants (Cambridge, Mass.) or 

were the o~fspring of matings between albinos obtained from that source, 

They were maintained on Purina lab Chow pellets ad libitum without supple­

mentation. 

The estrous cycles were followed by vaginal lavage as described by 

Ward (1946). The breeding procedures were those recommended by Whitney 

(1957). Proestrous females were placed in individual cages with albino 

males in the late afternoon, and the following morning the animals were 

separated and a vaginal lavage performed with a medicine dropper and sa­

line. The material obtained was examined unstained in Boerner slides at 

100 magnifications to detect the presence of spermatozoa, Vaginal plJl8S 

were not found consistently so could not be relied upon for evidence of 

~opulation, Estimates of the age of the embryos was based on the work 

of Ward who found that the ovulatory peak of the golden hamster occurred 

at approximately 1 a.m. and that the period of ovulation was approximately 

from 12:00 midnight to 2 a.m •. Since ovulation' in the hamster has been 

shown not to depend on copulation, it 'WB.S determined to use the hour of 

12:00 midnight as a convenient basis for determining age. This method, 

although arbitrary, would seem more reliable than use of copulation time 

since coitus has been observed during the period from 2 p.m. in the after­

noon of proestrous until 9 a.m. in the day of estrous, 
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An alt.itude chamber was improvised by using two large sized des­

sicating jars, aU-tube mercury manometer, a per:fusion jar, T-sha.ped cono.. 

nectors, a Welch Duo-Seal vacuum pump, and a supp~ of compressed air from 

the laboratory line. The arrangement of the components is illustrated in 

figure 1. Compressed air was bubbled through distilled water contained 

in a per:fusion bottle. The va.lve was set to assure a flaw of more than 

two liters per minute, as determined by displacement of water at atmos­

pheric pressure, into the chamber system. The moistened air then passed 

through aT-tube to each of the chambers. Tbe inlet for the chambers was 

located at the level of the lip of the jars. The animals were supported 

on a wire screen resting on the shelf supports. The exhaust was drawn 

from the bottom of the chambers to a T-tube from which a single hose 

passed to a manifold adjacent to a trap. A second line, which was open 

to the atmosphere at the beginning of a chamber run, was also connected. 

to the manifold. The speed at which vacuum was achieved and the degree 

of vacuum desired were controlled by regulating the amount of air admitted 

through tho second line. Because of the relatively large volume of air 

passing through the pump, the exhaust was led from the pump to a Robert's 

filter pump so that the objectionable oil mist produced would not gain 

access to the laboratory. 

A total of 79 females was used in the project; 49 were used in 

preliminary screening and the remaining 30 animals for final study. 

Gravid females were exposed to decreased atmospheric pressure at 

various times during the gestation period, limiting the exposure to .a 

single encounter on ~ 7,8,9, or 10 for a duration of 5,7t or 10 hours. 
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Two hundred seven~-tbree embr,yos derived from 38 females were examined 

grossly and under low power for abnormalities of the excretor,y system. 

The embr,yos were sacrificed during the 15th day of gestation. Examination 

for excretory defects was limited to those involving the kidney and 

ureters. The findings recorded from this group of a!Umals were compared 

with those obtained by an examination of 103 control embryos of the same 

age. 

Twenty-four females were subsequently exposed to a reduced atmos­

pheric pressure for ten hours during the. interval of embryonic life theo­

retically determined to be from 8 d~, 1! hours to 8 days, 11! hours. 

The pregnancy of these animals was interrupted to supply embryos which were 

of developmental ages from 8 days , 14 hours to 12 days, 14 hours. One 

hundred and five of these· embryos were compared with controls of similar 

a.ge obtained from litters of six females and the normal hamster embryos 

described by Graves (1945), Ortiz (1945), a.nd Boyer (1948,1953). 

The a.nima.ls were weighed and placed in the altitude chamber either 

alone or with one other anima.l in the same compartment. Pressure wa.s re­

duced at the rate of 2 em. Hg per minute until a.n atmospheric pressure of 

220 mm. Hg. (equivalent to a.pproxima.tely 30,500 ft. altitude) wa.s obtained. 

The. system was sufficiently stable to ma.inta.in pressure within a. range of 

200 to 240 mm. Hg. This range is equivalent to a.n oxygen pressure of 40.5 

to 48.6 mm. Hg or of 25.5 to 3Q.El% of normal atmospheric oxygen. Pressure 

'ms calculated according to the following formula.: 
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pp02 = 0.209(P - 23,8) 

where P = total barometric pressure in mm. Hg 

0.209 = fraction of oxygen in air, and 
0 23.8 =vapor pressure of water at 25 C, in mm. Hg 

Percentage of oxygen at experimental level relative to that at sea level 

is determined by the equation: 

0 . "' :f 1 pp02 at experimental level 
2 7" o norma = - X 100 

pp02 at sea level 

Descent was accomplished at the same rate as ascent. Temperature o:f the 

chamber was slight~ higher than room temperature. The room was cooled 

by an air conditioner and temperatures within the chamber remained within 

0 0 the range :from 23 C to ZT c. 

The animals were sacrificed by exposure to ether. They were 

opened by a ventral incision, cornua were exposed, implantation sites 

were counted and ovaries and uteri excised. The number o:f corpora lu-

tea was determined. The abdominal cav:i. ty o:f each :fifteen day embryo 

was punctured at two points and the embryos :fixed in 701> alcohol. These 

embryos were :fixed :for 48 )lours, dissected, and studied with the assis-

tance of a low power·dissecting microscope. The uteri containing the 

embryos to be studied :for developnent at 8,9,10,11, and 12 day stages 

were cut between implantation sites and the sections were placed into 

, Tel~esnizcey's alcohol-formalin-acetic acid fixative for 48 hours. The 

' embryos were then dissected from the uteri and stored in 70% alcohol un-

til processed by the paraffin technique. Serial transverse seotions were 

~ cut through the entire smaller embryos and posterior half of each of the 

I larger embryos at 10 micra. The anterior half o:f each of the older 



!lmb:ryos was sectioned a.t 14 micra. Sections were processed through 

hematoxylin a.nd eosin after passing through Rega.ud 1 s lacquer to mini­

mize loss of sections. Examination of sections was accomplished a.t 

ma.gn.i.fica.tions of 22.3X. to 44QK. 
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Preliminn.ry Experiments to Obtain Qptimal Exposure 
Durations and Gestational Times 

The results of five-hour exposures of gravid female hamsters 

to eypoxia during the morning of days 7, 8, 9, and 10 of gestation a.re 

recorded in table 1. The survival statistics a.re given for each a.ge 

group of experimental animals and for the control embryos. The number 

of embryos with abnormalities of the ld.dneys or ureters a.re tabulated 

for each group. 

Gestational 
period 

7th day 

8th day 

9th day 

loth day 

Controls 

TABLE 1 

FIVE HOUR EXl'OSU11E OF GRAVID FEMALE HAMSTERS 
TO 220 oio 20 MM. HG .ATMOSFI!ERE 

Number of Corpora. Impla.nta- Resorp-
animals lute a tiona tiona 

6 68 65 2 

5 62 56 13 

5 68 31 19 

4 59 54 18 

10 122 104 1 

Abnormal-
ities 

1 

9 

0 

0 

0 

Abnormalities of the excretory system were found in 21% of the 

·embryos which survived maternal exposure to eypoxia on the eighth day 

',(9 abnormalities out of 56 implantations). &wever, a. single abnormality 

,only (l.I>P) we.s found on the seventh day of gestation. 
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Using a.nima.ls on the 8th da.y of gestation, a. second series of 

experiments wa.s conducted to determine the duration of hypoxia., up to 

ten hours, which would yield the highest percentage of a.bnorma.lities 

without too grea.t a. loss of litters. The results of thea'/ experiments 

are recorded in table 2 a.nd include the effect on individual litters 

ra.ther tha.n on groups. Throughout 'the paper the term norma.l is used 

with rega.rd to the excretory system only 

'l!ABIE 2 

FIVE-TEN HOUR EKPOSURE OF INDIVIDUAL ~TEIIS TO liYl'OXIA 
. DURING THE EIGHTH DAY OF GESTATION 

5 Hour Exposure 

Sta.rt of Animal Corpora. Resorbing Normals Abnorma.ls 
Exposure number lutea. embryos. 

!i! IS !i! IS 
1:30 a..m. 94 13 0 3 6 1 0 

95 15 1 6 4 1 0 
30 15 1 4 3 3 2 
25 10 3 4 2 1 0 

3 10 8 0 2 0 0 
38 13 1 5 4 0 2 

10:30 a..m. 16 14 0 -lo- 2 0 
1:30 p.m. 115 12 0 3 3 1 0 

74 13 6 0 0 0 1 
7:30 p.m. 102 16 1 5 3 1 2 

93 14 0 5 6 0 0 

rt Hour Exposure 

7:30 a.m. 36 12 5 1 3 0 1 
90 not gra.vid 
96 13 4 1 3 1 1 
99 13 0 7 6 0 1 

10 Hour Exposure 

~:30 a..m. 92 12 9 1 0 2 2 
113 12 8 0 0 0 1 
118 14 9 .2 1 1 1 
120 13 5 3 0 2 2 

7:30 a..m. 97 8 3 0 1 2 1 
103 12 4 0 0 0 0 
108 13 2 6 2 0 3 
112 10 10 0 0 0 0 



The individual results of table 2 are totaled and summarized in 

table 3, indicating the relative percentages of reabsorbing embr,yos, nor-

mal embr,yos, and abnormal specimens. Inspection of the data. shows that 

a. 10 hour exposure to hypoxia. produces a. significantly greater degree 

of defective embr,yos a.t 8 days than exposure of 5 ·or 7t hours. 

TABLE 3 

TOT.AIS .AND PERCENTAGES Cll! IMl'LANTS DEAD OR RESORBING, NORMAL .AND DE'­
PECTIVE EMBRYOS OF MOTHERS EKPOSED TO .GRADED DOSES Cll! BiPOlUOA DURING 

THE EIGHTH DAY Cll! · Gl'3T.ATION 

Duration of Number of ImJ2la.nts 
exposure gravid Resol1p'bions Normals Abnorma.ls 

females No. % No. % No. % 

5 hours 11 19 16.6 78 68.5 17 14.9 

7t hours 3 9 26.4 21 61.8 4 11.8 

10 hours 8 50 60.2 16 19.3 17 20.3 

Controls 10 1 103 0 

The frequency of abnormalities based on sex and the side on 

which the defect occurred is entered in table 4. Each abnormality is 

recorded· in its own right. From a. total of 153 embr,yos which survived 

the hypoxic insult, 20 males and 18 females were found to have the fol­

lowing grossly observable defects of the kidney and/or ureters; agenesis, 

hypoplasia., displacement, or distension. 

Abnormalities of the excretory system were varied in individual 

' animals as illustrated by the following specific examples. 

In embr,yo 30K both kidneys were to the left of the midline. The 

right kidney was fused with the. cauclo-media.l aspect of the left kidney 

capsule. Each kidney possessed a. ureter but although these were fused 
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just prior to entering the kidney ·substance, they arose from the usual lo-

cations on the bladder. 

TABLE4 

THE NA.TllRE OF GROSS URINARY DEFECTS IN EMBRYOS OF HAMSTERS EKPOSED TO 
GRADED DOSEs OF HYPOXIA. (220 M!j:. lfg) oN THE EIGHTll DAY OF G&STATION 

Kidney abnormalities Side' Total Sex 

Left Right MB.le Female 

Agenesis 13 8 21 10 11 

Hypoplasia 3 1 4 3 1 

Displacement 3 4 7 5 2 

Ureter abnormalities 

Agenesis 13 7 20 10 10 

Disterui ion 8 9 17 9 8 

Displacement 5 4 9 7 2 

Ratios, Left ' Right 45 : 33 44 : 34 

The hilus of the right kidney of, embryo 38J was directed ca.ude.l:cy 

1 with the ureter passing to the testis. The left kidney was absent. 

The only kidney present in embryo 16E was located on the left 

side. Although drained by a single ureter, it was a.n elongated structure 

with a concavity directly opposite the hilus so that the orga.n looked bi-

',lobed. 

Embryo 113A presented kidneys fused at their craniomedial margins. 

, The ureters were fused for a short distance between the kidneys and then 

'
1 
separated to approaoh the bladder in normal fashion. 
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The ureters were often distended {hydroureter) and, in several 

instances, were also kinked. These conditions were observed both uni-

and bilaterally. Figures 2-6 include selected gross dissections of nor-

mal and test embryos from this series. 

It was decided to use a. ten hour exposure to 220 mm. Hg a.tmos-

pheric on the eighth day of gestation between the hours of 1:30 a.m. and 

11:30 a.m. to obtain embryos for microscopic study. This seleotion was 

based on the approximately 5~ frequency of abnormalities of the urinary 

system a.mong survivors in the prelimjna.ry study. Complete litters were· 

removed by Caesarean section on the 9th, loth, 11th, and 12th day of ges-

ta.tion and examined in serial cross sections for abnormalities. Because 

some of the abnormalities observed in the older specimens could not be ob-

I ' served in less developed embryos, the results are tabulated separately fo~ 

each developmental age 

Histological Findings After Ten Hours of Maternal 
gypoxia. a.t Eight 1l8JIB of Gestation 

At ~ ~' the control embryos show a. mesonephric duct which 

is patent for its entire length to its termination adjacent to the cloaca.. 

Condensations cf mesencbyme can be seen just ventral to the mesonephric 

ducts and posterior cardinal veins. The more anterior clusters have con-

• voluted and begun to cavitate (fig. 7). In a. f.ew instances the first tu-

'bules have attached to the duct. The mesonephric condensations continue 

! posteriorly almost to the border of the dense metanephric masses. The 

mesonephric ducts approach the metanephric blastemas laterally and then 

lpa.ss ventromedially to approach the cloaca. posterior to the origin of 
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the umbilical arteries. The right umbilical artery is formed by the 

fusion of two buds from the .aorta. A pa.rt of. the right metanephric con­

densation or mesonephric duct is often completely surroUnded by these 

vessele. The ureteric buds develop from the mesonephric ducts as the 

latter pass ventromedially to the cloaca. Indeed, the bud appears to 

form as the mesonephric duct brushes against that margin of the meta­

nephric blastema. (fig. 8). In only one nine dlcy" control had the bnd 

failed to penetrate the metanephros and expand to form the ~ical needle­

eye appearance. 

The abnormalities of the developing excretory system of embryos 

of this age were largely limited to deviations of the mesonephric duct 

from the control pattern. These included interrupted. growth, termina­

tion of the ducts anterior, adjacent, posterior, or lateral to the meta­

nephric blastema. Failure of the ureteric bud to develop was noted in 

several instances; in some cases this was perhaps due to retarded de­

velopment but in other specimens the absence was due to failure of the 

mesonephric duct to complete a normal course. 

Nineteen embryos· from four mothers were examined microscopi- · 

+ cally. From fourteen embryos With detectable abnormalities the folloW­

ing typical defects· are described. 

Only localized tubulations were seen for the mesonephric ducts 

of embryo 156G and K anterior to the metanephros. In embryo 156A the 

• left and right ducts were markedly unequal, with regard to cross section 

along their le~hs. 
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The left mesonephric duct of emb;ryo l56A terminated just an-

terior to the metanephric condens'!otion. In emb;ryos l56D1E1I 1 and K, 

l63B 1 and l65.A.1 the mesonephric ducts terminated a.t the metanephric 

blastema.. In emb;ryos l56D,K1 l63B, _and l65.A., the ureteric bnds did not 

develop on the sides affected. Even though' the mesonephric duct reached 

the normal position a.dj a.cent to the cloaca, the ureteric buds did not 

form in embryo l25B. 

A mesonephric duct passed la.tera.ll,y tc the dermis in emb;ryos 

156A~ (fig. 9), l56G, 135.A., and appeared to be directed·in a. similar 

course in a. less mature emb;ryo 156K. The right mesonephric duct of 

156G (fig. 10) extended tc the vicinity of the cloaca. but then continued 

on to the a.dja.cent .dermis. A similar situation was seen in the develop-

ment of the left mesonephric duct of 163A. 

The right mesonephric condensation of embr,Yo 156A wa.s in contact 

with the .cloaca but lacked a ureteric bud a.s the adjacent mesonephric 

duct passed toward the dermis. 

A marked difference in exten-t. of growth of the metanephric bla.s­

tema.ila. o.f emb;ryo 156K WaS noted. The right blastema. wa.s 190 micra. but 

the left only sixty micra in length. 

At ten days, fourteen hours, control emb;ryos have urogenital 

' folds which have btroa.dene_d considerabl,y since the nine day stage. They 

are suspended by a. medial band of tissue which is continuous with the 

' mesenchyme lateral to the aorta (fig. 11). The width of this band in-
I 

\ creases as one progresses posteriorl,y to the caudal limit of the 
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metanephros. The ventral portion of the mesonephric folds are free a.nd 

project medially toward the hindgut and subsequently merge with the mesen-

chyme dorsal to the cloaca. This junction is still closed by a mass of 

epithelial cells of both duct a.nd cloacal origin. The Mullerian duot is 

dorsolateral to the mesonephric duct and keeps pace with the latter until 

the Wolffian duct begins to grow ventromedially toward the cloaca., a.t which 

point the Mullerian duct terminates. 

The ureteric buds are seen ri,sing medially from the mesonephric 

_ducts very close to the developing urogenital sinus. The ureters pass 

craniodorsally to the metanephroi just anterior to the origin of the 

umbilical arteries. The pelvis of the kidney ha.s expanded and subdi-

vided into major and several minor calyces. Each of the calyces in turn 

branches into four or more subdivisions, each of which is capped by a. 

dense aggregation of mesenchyme cells. The grouping of cells about the 

metanephros indicates the formation of the capsule. The urethra extends 

through a well-developed genital tubercle to open into the urogenital 

r sinus. 

The abnormalities of the developing urogenital system of embryos 

of this age included interruptions in the continuity of the mesonephric 

ducts anterior and posterior to the metanephric condensations, unusual 

relationships of the mesonephric ducts with the metanephric masses, un-

equal development of the right and left mesonephric ducts in the area. 

posterior to the metanephric condensations, accessory ducts from the meso-

nephric ducts, a.ud atypical orientation of the mesonephric ducts. (The 

i 
1 term 11a.ccessory11 is used throughout the report to designate a.ey duct-liks 
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derivative of the mesonephric duet which does not arise from the site which 

normal~ gives origin to the ureteric anlage.) 

Fifty-six embryos from 10 mothers were examined. Thirty-eight were 

normal, lO had developed abnormalities of the excretory system and 8 were 

recen-t;~ dead. Nine of the embryos removed after lO days, lt hours of de-

velopment were compared with the remaining embryos which were sacrificed 

afi>er lO days, 14 hours development. No difference was noted between them 

other than exi>ent of development. 

The lefi> urogenital ridge of embryo l59D was represented through-

oui> most of its lengi;h by an irregular, dense association of cells. A 

short anterior tube was identified as part of the mesonephric duct. For 

some distance i>here was no duct or tubular structures to be seen. The 

duct reappeared for a short length onl;y to i>erminate wii>hin 120 micra of 

the anterior pole of the left metanephric mass. Thirty micra posterior I 

to the metanephric mass a duci> progressed toward the cloaca and terminated 

there in i>he position ordinari~ occupied by a mesonephric duet. There 

.

1 

was no evidence suggesi>ing the origin of this duct as either a mesonephric 

duci> or a bud from the mesonephric duct. The right ureteric anlage had 

expanded and begun lobulation within the metanephric blastema of that 

! side. No such development was seen on the left side. 

The left mesonephric duct of embryo 159C was ini>errupted for 

1 220 micra along its course but reappeared to continue to the point of 

origin of the normal urei>eric bud. The bud entered the metanephric mass' 

and elongated. The mesonephric duct terminated rai>her than continue to 

a position adjacent to the cloaca as did its mai>e, 
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Animal 146F developed ~ right mesonephric duct which p~sed 

l~ter~l tc mesonephric tubules bordering directly on the ~terior pole 

of the metanephric condens~tion. The duct, hoY/ever, continued into the 

mesencb,yme of the posterior limb bud without sending off ~ureteric bud 

.or ~ppro~hing the clo~~. • 

The mesonephl:ic duct of embryo 159B ~sed to the integument 

~terior to the left met~ephros-~ penetr~ted to the surf~ce. 

Subdivision cf the pelvis ~-not been initi~ted in~ of 

the ten ~y specimens but~ ad~ced to~ consider~ble.extent in 

others. It is impossible to st~te how much of this v~ri~tion was due to 

retar~tion subsequent to bypoxi~ ~ opposed to differences in ~gas of 

the litters b~ed on fertilization time. In gener~l, most members of 

a litter were in compar~ble st~ges of development. 
I 

i Pelvic centers developed ~typic~llY in embryos 146G ~ 125B. 
I 

ln. embryo 146G the mesonephric duct pMsed through the me~ephrie 
I 

condensation. Orient~tion of the me~nephric mesenchyme occurred about 

the mesonephric duct (fig. 12). In embryo 125B an accessory duct en­

tered the c~al tip of the met~ephric ~s; the mesonephric duct 

successfully p~sed the c~~l portion of the met~ephric tissue but 

developed the usud ureteric bud 11hich grew back to the metanephros 

and resulted in ~ second center for organization (fig. 13). 

Posterior to the normal ureteric bud of embryo 1760, the right 

mesonephric duct ~sed into the limb mesencb,yme rather t~ toward the 

cloaca.. 
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At eleven dn.ya, fourteen hours 1 controls show further develop­

ment of the Mullerian ducts as they parallel the mesonephric ducts. The 

urogenital fold is suspended dorsomedially by a narrcnr band of tissue. 

The gonads are densely cellular structures which are partly delimited. 

from the mesonephros by a longitudinal groove. Progressing posteriorly 

in serial sect:i,ons, one sees the supporting band of tissue broadening 

so that at the level of the metanephros the mesenchyme of the mesonephric 

ridge is continuous with that adjacenUn the kidney blastema. Relation­

ships of ducts at the urogenital sinus remain comparable to that seen at 

ten ~ as described above. Some of the more posterior mesonephric tu­

bules may be patent npw but do not show as extensive convolutions as the 

anterior tubules and do not open into the mesonephric duct. The meta­

nephric kidneys are lateral to the aorta and the right kidney is fur­

ther separated from the aorta by the post cava which is developing by an 

anastomosis of right subcardinal and postcardinal veins .•• Development 

of the nephrons has progressed. to the formation of S-shaped units seen 

in close association with an increasingly sub-divided system of collecting 

ducts. The potential renal arteries may be seen as buds adjacent to the 

metanephroi (fig. 14). 

Twenty-nine embryos obtained from 6 mothers were studied micro­

scopically. Eleven of these were sacrificed at ll days, ll hours, the 

remaining 18 were fixed at 11 ~. 14 hours. Of the 29, 3 Tore dead, 

9 normal, and 17 presented abnormalities of the developing excretory 

system. 
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Abnormalities of the embryos sacrificed on the 11th day of ges­

tation were quite varied. Five embryos, 117B, 137C,B,c, and G, showed 

bilateral renal agenesis. Four other specimens developed only one kidney. 

In two embryos the metanephroi developed ventral rather than lateral to 

the aorta and were separated only by a capillary or a few cells so that 

one would a.ntie~:pa.te a fusion of the kidneys in 166C and 172C (fig. 15). 

Embryo 166F showed metanephroi ventral to the aorta but if fusion were to 

occur in this ease it would have been fusion between the head of one kid­

ney and the caudal tip of the other (fig. 16), 

Bilateral agenesis in 117B was associated with the termination 

of the mesonephric duets before formation of the ureters. In this in­

stance the left mesonephric duct terminated at the point where the uro­

genital fold fused laterally with the peritoneum. The right mesonephric 

duet terminated at approximately the level where a dorsally directed di­

verticulum could be seen passing from the duct toward the pelvic muscu­

lature. In embryo 137.A., agenesis was associated with divergence of the 

left .mes.onephric duet toward the dermis and early termination of the right 

mesonephric duet before reaching the position at which it ordinarily would 

give riae to a ureteric bud (fi~l7, 18). The third case of bilateral agen­

esis occurred in the same litter. The left mesonephric duct passed from 

the urogenital ridge into the tissue close to the aorta and terminated 

there. The mesonephric duct of the opposite side appeared normal but if 

a ureter formed from it, the latter failed to reach the metanephric con­

densation,. Sections within which the mesonephric duet of that side ter­

minated were lost during processing. In embryo 137C the left mesonephric 
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duct passed to the dermis and the right ureter failed to reach the meta­

nepbric mass and terminated with the umbilical arter.y between it and the 

metanephric blastema. In embr.yo 137G both ridges fused with the perito­

neum (fig. 19) and both mesonephric ducts passed lateral to the umbilical 

arteries. The left mesonephric duct, after passing dorsomedial1y, pene­

trated to the epithelium of the skin (fig. 20); the right duct terminated. 

in the developing pelvic musculature. 

Unilateral renal agenesis was associated with the passage of the 

mesonephric duct to the dermis in 1370, and inadequate development of the 

urogenital ridge in 1770 and 177.8 • 

.Abno.rmalities of the excretor.y ducts for the metanephros were 

seen in several embr.yos. In embr.yo 172D the right mesonephric duct de­

veloped. an accessor.y bud which passed to the metanephric condensation 

and the combination produced a normal kidney. '!'he mesonephric duct did 

not develop, however, beyond the point of origin of the accessor.y duct 

so that there was no provision for removal of wastes from the kidney, 

The kidney of the opposite side also received an accessor.y duct from the 

mesonephric duct (fig. 21). The mesonephric duct itself passed next to 

the metanephric mass and about it (or possibly a second accessor.y duct 

at this point) further orientation of the metanephric condensation oc­

curred (fig. 22). The pelvis developing about accessor.y d.uct number 1 

and about the mesonephric duct slightly posterior to it were continuous 

with each ether. Finally a ureter developed from the customar.y site of 

this mesonephric duct and assumed its normal relationship with the meta­

nephric material remaining and developed an independent association of 
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of mesenchyme cells about its terminal expansions (fig. 23). Thus this 

kidney was supplied with three efferent duots which utilized two main 

ducts for progression to the mesonephric duct-ureter junction by the uro­

genital sinus. Two independent pelves had developed. 

An accessory duct served as the basis for development of the 

cranial part of the right kidney of 172E but in this instance the meso­

nephric duct continued to the vicinity of the urogenital sinus and gave 

rise to a ureteric bud about which the remainder of the metanephric ma­

terial became organized. (This is somewhat comparable to the condition 

described for the left kidney of 172D). 

In embryo 1770 an inadequate right and left urogenital ridge de­

velopment wo.s responsible for termination of both mesonephric ducts a~ 

proximately 600 micra anterior to the last trace of the ridge. The right 

kidney did not develop beyond the condensation stage. A mesonephric­

like duct appeared lateral to the right umbilical arte:tyand some 60 micra 

posterior to the last vestiges of the urogenital ridge (thus some 660 

micra posterior to the last traces of the mesonephric duct). This ter­

minated on the right side of the umbilical artery without making con­

tact with the left metanephros. Recall that the left mesonephric duct 

had a.lso terminated toward the end of the urogenital ridge. A ureter 

connected a developing left metanephros (fig. 24) with tissue immediately 

adjacent to the urogenital sinus on the left side (fig. 25). The posi­

tion with regard to both kidney and urogenital sinus was normal. The 

kidney was seen through 43 sections of 10 micra in thiclmess. There was 

no evidence of this ureter developing as a lateral bud from any other 
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structure in the sinus area., as is the usual case, or arising from a. rem-

nant of a. more la.tera.l mesonephric duct, 

At twelve da;ys, fourteen hours, controls a.re characterized by a. 

considerable development of the nephron a.nd qollecting duct system of the 

metanephros, (fig. 26). The mesonephric fold is supported dorsally by onJ.y 

a. thin strand of tis sue. The gonads a.re suspended by a.n equally thin cord 

of tissue from the mesonephric fold. The mesonephric folds swing lateral 

to the gonads a.nd within this broadest portion the Mullerian a.nd mesonephric 

ducts arch ventromedially. Posterior to the gonads the mesonephric folds 

a.re supported more broadly along their medial margins as they pass the 

more caudal portion of the metanephroi. The Mullerian ducts 1 which origi-

nate laterad of the mesonephric ducts, sweep ventromedially of the latter 

' to approach each other, The mesonephric ducts follow essentially the same 

I path but drop sharply, a.s the Mullerian ducts approach ons another, to join 

the bladder in conjunction with the ureters (fig. 27). It is difficult 

to determine whether the ureters actually open into the bladder directly 

or depend on the termination of the mesonephric ducts which have finally 

opened into the bladder, 

Tubules a.re still seen in the mesonephric fold, None of these 

make contact with the mesonephric duct. The more posterior tubules a.re 

now the most outstanding but even a.t this peak of their development there 

is not the same intimate association with the mesonephric duct shown by 

the anterior tubules a.t an earlier stn.ge of development. 

Fourteen e~bryos were obtained from four mothers after 12 da;ys a.nd 

\ 14 hours of development.' Four of the fourteen embryos revealed abnormalities 
I 
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of the excretory system. 

Abnormalities of the developing excretory system of embryo sacri-

ficed at this age were generally comparable to those described in the 11 

day group. Three embryos were found to have unilateral renal agenesis. 

One embryo bad a b;ypoplastic kidney. Accessory ducts were noted in some 

instances. Abnormal locations of mesonephric ducts were noted among this 

group. 

The right urogenital ridges in embryos 131E and 142B were abner-

mally curtailed in length. In both embryos mesonephric ducts failed to 

develop, adequately to produce ureteric buds. Unilateral agenesis occurred 

in both instances. The urogenital ridge on the left side of embryo 131A 

fused posteriorly with the lateral peritoneum and served as a bridge for 

a lateral excursion of the mesonephric duct which passed to the dermis and 

terminated. Left renal agenesis occurred in this specimen (fig. 28). 

A small kidney developed about the terminal expansions of an acces-

sory duct which developed along the mesonephric duct of embryo 1310. The 

I 
•

1 

point of origin of the accessory duct (fig. 29) was such that the "ureter-

' like" structure passed dorscmedially to reach the metanephric condense--

,ticn (fig. 30). Under these circumstances it would be expected that any 

'urine which would form would pass through the "ureter", into the meso-

'nephric duct and down into the bladder if the mesonephric duct persisted 

,a.nd opened into the bladder. One hundred a.nd ninety micra. posterior to 

',the origin of the accessory duct a second accessory duct developed from the 

',mesonephric duct a.nd passed dorsally toward the vertebral column into an 

Fea which would be continuous posteriorly with the metanephric area. There 
I 
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was no condensation of cells or development of tubules in the vicinity 

of the end of this duct (fig. 31). The mesonephric duct terminated 

a.t the point of origin of the second accessory duct so there remained 

no provisions for removal of wastes from the kidney. 

Two large-size ducts developed mediallyfrom the mesonephric duct 

of embryo 142B. These ducts served to connect the mesonephric tubules 

which were developing just posterior to the met~ephric kidney (fig. 32). 

In embryos 131C.,D1 and embryo l42B, well developed clusters of 

mesonephric tubules developed either medial, ventral, or just posterio~ 

to the developing metanephros. Only in the case of 142B, described above, 

however, was there any provision for dra.ina.ge of these structures. In 

embryo 131A the tubules developed in the location ordina.rizy occupied by 
1 

the metanephros. 

In embryo 131A ·bhe Mullerian duct, ureter, and mesonephric ducts 

merged and termina.ted before approaching the bladder. This animal also 

had unilateral renal agenesis. 

Table 5 includes all abnormalities of the developing excretory 

systems of the embryos which were studied microscopica.lzywith one ex-

caption. The mesonephric duct of a. ten day embryo passed direotzy through 

the meto:nephrio blastema. This particular defect did not fit into any 

1 of the major categories included in the table. The figures in tables 4 

and 5 do not afford a.n opportunity to evaluate any tendency for more fre-

quent abnormal development of the left or right side. One reason for this 

is that if a. ureter fails to develop from an otherwise normal mesonephric· 

I 
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duct, two abnormalities have been recorded for that side although on the 

basis of our present knowledge, one of these is the direct cause of the 

other. By limiting as lll8JiiY ~ or most probable instances of cause 

and effect to a single point value, an approximation of one sidedness can 
\ 

be made. Prom the fignres of the abnormalities detected microscopically, 

a ratio of left to right sided defects of 53 : 27 was obtained. The gross 

dissections yielded a ration of 32 left to 26 right but it must be remem-

bared tha·h the information available for these specimens is not as great 

as that obtained from the embryos studied microscopically. Combining the 

1 rosults of the two categories, a ration of 85 left to 53 right is obtained, 

In the course of gross or histologic examination of 193 embryos 

between 11 and 16 days of age derived from the uteri of 32 females which 

had been exposed to hypoxia on the 8th ~ of gestation, 7 embryos were 

characterized by bilateral and 25 by unilateral renal agenesis. HYPo-

plastic kidneys were seen in 5 embryos. The metanephroi were malposi­

tioned in 10 specimens. Because sex determination could not be made on 

the majority of microscopic specimens, it is not possible to give sex 

ratios for abnormalities of the excretory system except for the 15-16 

; da;y embryos which were dissected and examined grossly. 

Other Defects 

In addition to those described for the excretory system, there 

were abnormalities of skeletal, nervous, digestive and respiratory systems.' 

'.!:he skeletal systems of a number of full term embryos which had survived 

ya.rious periode of hypoxia during the 7th through the loth da;y of gestation 
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showed axial defects. By using the alizarin technique to stain the bone, 

it was possible to see that the more anterior defects were found in em-

bryos exposed to hypoxia in the earlier stages of development and that 

.the older the embryo at the time of hypoxic insult, the more caudad were 

the vertebral anomalies. The defects included microgna.tby, anencephaly, 

fused and absent ribs, a greater frequency of supernumerary ribs, anoma-

lous formation of vertebrae from the thoracic to the sacral area, and 

retardation of limb formation from apsence of one digit to complete fail-

hre of limb development (fig. 33). 

Hare-lip, both uni- and bilateral, was observed (fig. 33). Her-

niated viscera were seen only in experimental animals (figs.33,J4), The 

only anomaly detected in the controls was protrusion of the brain through 

the top of the cranium.· It occurred in a single animal, but was found 

J1so in a small number of the experimental group. 
! 

Seventy-six of one-hundred fourteen embryos had defects of the 

!\pinal cord (figs. 17,20, 35). The abnormalities 'rere located predomi­
' ; 

nantly in the more anterior half of the cord but were also found in the 

posterior half and occasionally were limited to the posterior portion. 

Thirteen of the 30 embryos sacrificed after 11-12 days of development 

had hernias of the diaphragm with hepatic tissue extending along the 

length of the pleural cavities for as much as 400 micra (fig. 36). The 

liver masses were continuous with the main body of: the liver by tenous 

cords of parenchyma. Observations of abnormalities of the reproductive 

system, aside from those which would res~lt from failures associated with 

the mesonephros as detected in the microscopic study, were limited to 
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occasional reduction in size of the developing gonad in instances in 

which the genital ridge failed to develop to full size, In the dis­

sected full term embryos the abnormalities of the reproductive system 

included hYpoplasia of the ovary a.nd absence of the uterine horn. In 

the male the testes were occasionally displaced a.nd !Ln one specimen two 

left testes were identified histologically. One of these was just 

posterior to the normal kidney area. a.nd the other ha.d descended to its 

normal position (fig. 37). 
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DISC!SSION 

Timing 

The preliminary exposure of gravid hamsters to a. single five hour 

period of hypoxia. on "!;he 7th, 8th, 9"th, or lOi;h da.y reveals that for this 

animal, a.s ha.s been described for the mouse {Ingalls, et a.l, 1952) a.nd 

rabbi~ (Degenhardt, 1954), there is a. period of suscep"j;ibility of the em­

bryo to maternal hypoxia. (a.s well a.s to other acutely acting tera.togens) 

which coincides with the period of rapid morphogenetic differentiation 

(neural tube formation,. formation of somites, posterior development of 

the mesone~ic duct) a.nd with the proposed chemical differentiation of 

anlagen which have not yet differentiated morphologically. In the rabbit, 

a. sensitivity was noted during the period from the 8th to the lO"J;h ~in 

a. gestation period of 37 ~. In ~he mouse, the sensitive period lies 

during the 7! to 12! ~ interval of a. gestation period of 19 to 20 days. 

In the hamster, a. marked sensitivity to eypoxia. occurs during the period 

from 7 to 9 ~ {postovula.tory) of a. gestation period of 15! to 16-da.ys. 

During the short'spa.n of Mme from da.y 7 to 8, the yolk sac blood islands. 

begin to coalesce and the heart begins to form, the primitive streak 

elongates, the medukla.ry plate thickens a.nd the hend process develops. 

The neural ridges which were elevated on the 7th ~ meet dorsally over 

the first 6 somites a.s the latter appear late in the 7th da.y. In the 

early 8th da.y the ~ail undergoes a. slight torsion a.s it flexes ventrally 

to bring its tip to a position adjacent to the right side of the head. 

During this time the 7th through the 23rd somites develop. By the 91;h 
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~ the flexion is not as pronounced, the body is in one plane, and. the 

anlagen of a.ll ma.j or organs a.re well defined. It was during the period 

of most rapid change in body form and. somite proliferation tha.t the em-

brYQS were subjected to the environmental alteration. 

Colll!eni ta.l .Anomalies 

Excretory syatem 

The renal agenesis noted in preliminary studies was investigated 

histologically to determine the first morphological indication of impen-

ding abnormalities of the excretory system. The mesonephric duct is in 

the process of formation in the anterior somites a.nd the posterior somites 

a.re forming during the 8th dlcy' of development. Examination of embrYOS sa-

crificed on the 8th dlcy' failed to reveal ~ defects of the nephrogenic 

cord. The number of intersomitic clefts which had developed in test em-

bryos was often less than in the controls and. the conversion of the nephro-

genic cord into medial and. lateral ridges within which the tubules and. duct 

respectively would develop was similarly retarded. A 11ra.gged11 appearance 

of peripheral cells was noted in the somites of some embryos. 

Posterior progression of the mesonephric 
duct and. tubule formation. 

The 9th dlcy' embryo offered a. more favorable opportunity for com-

parison of development of the mesonephric ducts and. tubules than the ea.r-

liar specimen. It was a.t this age tha.t the first definite irregularities 

in development could be detected, The discontinuity of the mesonephric 

1 ducts observed in two nine da.y specimens iS fa.r more noticeable in loth 

and. 11th dlcy' embrYOS• It would be necessary to take a. la.rge number of 

closely timed specimens to determine if the interruption described 
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occurred after the normal duct had formed complete~ and was the result 

of degeneration or if the portions of the duct arose without reference 

to a terminal bud. 

Let us assume that the raising of the nephrogenic ridge, as seen. 

in the late 8 dJcy' embryo, is evidence of successful induction of the cord 

to form a mesonephric duct. If at ~ point there is a metabolic inade­

quacy or inducer or of cells, that part of the cord will fail to differen­

tiate into duct. This would be of no consequence for, according to the 

theory, the duct could develop successfully posterior to the break. That 

this theory is inadequate, however, is evident 'When one looks for and 

fails to find mesonephric duct posterior to the point where apparently 

healtpy, but aberrant mesonephric ducts depart from their normal course 

and pass, for example, to the sldn. .An additional difficulty with the 

theory is that one might expect cellular competence for differentiation 

into mesonephric duct to be limited to the nephrogenic ridge. This cer­

tainly is not the case. 

The alternative theory, that development of the mesonephric duct 

occurs by progression of a stimulus - possibly a growing point - from 

the anterior end of the nephrogenic cord to the cloaca is more compati­

ble with the findings of Boyden (1927), Grunwald (1937), Waddington 

(1.938), Miura (1930), and Holtfreter (1944). If it can be assumed that 

the nephric cord is responsible for contact guidance of "selective con-

i duction" .(Weiss, 1947) of the growing tip of the mesonephric duct toward 

the cloaca, one would anticipate an alteration in normal pattern of Wolf~ 

fian duct development to occur wherever there is an interruption in the 

guidance mechanism of the substrate. It bas been noted that interpretation 
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of the status of the nephric cord in the 9 day embryos is rather diffi­

cult, By the tenth ~. however, the deficiencies of the duct are exag­

gerated for at this time there are lengths of 200 to 400 micra of ridge 

in which there is no evidence of mesonephric duct or of necrotic tissue. 

Mesonephric tubules fail to develop in those parts of the ridge from 

which the duct is absent. It will be recalled that when Gruenwald (1942) 

introduced non-nephrogenic mesenchyme into the path of an elongating 

Wolffian duct, the duct either terminated abruptly, turned to the side, 

passed through the obstruction and proceeded to the cloaca, or, in two 

instances, was diverted by 1;he obstacle and grew laterally to the ecto­

derm, A metabolic disturbance in a localized portion of the rapidly di­

v.i.ding somites during the ten hour exposure to Jzypoxia could conceivably 

result in the establishment of a molecular pattern foreign to the guid­

ance system ordinarily responsible for the orderly progression of the 

mesonephric duct to the cloaca. Such a knot of tissue might be incom­

patible with the growing tip of the Wolffian duct and either inhibit its 

caudal elongation, cause it to be diverted from its path, or alter the 

metabolism of the growing tip so that further differentiation and elonga­

tion is no longer possible. Willier (1954) observed that during the 

phase of organogenesis 11a localized disturbance in a develoJ;>ing primor­

dium, or its precursor material, may disrupt its subsequent development, 

and o.s o. consequence it develops abnormally." The diversion of mesoneph­

ric ducts noted in several insto.nces might be a reflection of such a 

local phenomenon. The absence of mesonephric duct for the indicated 

lengths could be due to localized tro.uma to the cells of the developing 

duct which would prevent tubulation and differentiation but without 
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causing cell dea~h and appearance of necrotic tissue. A normal co~ 

plementar,y differentiation of ridge ~issue into mesonephric ~ubules, 

dependent on the local integri~y of the mesonephric due~, would be a 

seoondary effect and thus account for the experimental resul~s des-· 

cribed above. 

Development of the urogenital ridge 

The ~en~ embryo offers ~he first chance to evaluate the 

overall structure of the urogenital ridge. In both ten and eleven 

day experimental animals the urogenital ridge was seen to undergo ab­

normal development. In the controls the ridge was suspended wi~hin 

the body cavity by a dorsal band of tissue wi~h the coelom separa~ing 

~he ridge laterallY from the parie~al peritoneum (fig. 11). The ab­

normality of the ridge in the specimens mentioned consists of a con­

~inuity of ~he ridge with the parietal peri~oneum either by forma~ion 

of a mid-ventral cleft in the ridge with the lateral leaf mergingwith 

the body wall (fig. 17;18) or by failure of ~he ridge to projec~ into 

coelom and become free .of the abdnominal wall (fig. 19). One other 

example of anomalous development of the ridge was simple hypoplasia in 

which case the ridge ~erminated by tapering down to insignificance 

1 either anterior or posterior to the genital anlage. 

In the instance of atypical relationship of the urcgeni~al ridge 

wi~h ~he body wall, the mesonephric duct bad an alternative to remain 

within ~he ridge or to pass laterally to ~he body wall. I~ has been 

noted tha~ the la~ter course was followed in a number of ins~ces as 

illus~ra~ed by ~he path of the duct in figure 20. In the more posterior 
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portions of the body cavity the urogenital ridge does fuse with the ven­

trolateral peritoneum but there was only one instance of a mesonephric 

duct developing abnormally in this area. 

The successful progression of the mesonephric duct through the 

differentiating mesenchyme of the body wall serves notice that develop­

ment of the mesonephric duct does not depend upon accretion of cells 

from within the urogenita.l ridge. 

Metanephric development 

Metanephric development did not occur in any instance in Wioh 

there was failure of a duct to penetrate the blastema.. This finding 

is in agreement with the evidence of a normal inductor relationship be­

tween the ureteric bud and metanephric 'Condensation noted by Schreiner 

(1902), Pohlman (1905}, Pischel (1912), Boyden (1927, Brown (1931) Grun­

wald (1937), Gruenwald (1942), Waddington (1936}, Gluecksohn Schoen­

heimer (1943), and others. 

The metanephros in the experimental hamster, however, did devel.op 

with reference to ducts other than the ureter. A combination of all in­

dividual capacities seen in the various embryos in this experiment has 

been found in embryo 172D. In this specimen pelves develop from the nor­

mal ureter (fig. 23), from an expansion of the mesonephric duct itself 

as it passed through a portion of the condensation (fig. 22), and about 

the termination of a more anterior accessory duct derived from the meso­

nephric duct (fig. 21}. The capacity to induce organization of metanephric 

cells is thus a property of the mesonephric duct, the normal growing tip 

of the ureter, and accessory ducts. It appears that the ureter and ac­

cessory ducts may well be homologues of mesonephric collecting ducts that 

72 



ha.ve been described in the amphibian and the chick. The tmderlying 

mechanism which stimulates formation and directs the projection of the 

ureteric bud to the metanephros is not !mown but may ordinarily be a 

guidance system such as that proposed for the posterior progression of 

the mesonephric duct. 

This ,!a .!!!2, evidence of a more wide spread inductive capacity 

than is normally exerted is of·interest in regard to Grobstein1s (1957) 

in vitro demonstration of the inductive capacity of mouse spinal cord 

to cause differentiation of kidney tubules of mouse metanephrogenic mes­

enc~e. The induction of nephric structures by neural tissue was orig­

inally suggested by Gruenwald (1942) who noted the mesonephric tubules 

developing in association with a ganglion in the absenoe of the mesoneph~ 

ric duct. Auerbach and Grobstein (1958) demonstrated tha.t the epithelial 

bud of the mouse submandibular gland also possesses in vitro inductive 

capacity toward the mouse metanephrogenic mesenc~e. 

Double ureters ha.ve been described in experimental animals and 

in pathology, but both ureters ordinarily open into the bladder, or, 

in some instances, ectopically into lower parts of tha urogenital passage­

ways. The only instance of double ureter in this experiment resulted 

from the combination of a normal ureter and an abnormally located meso­

nephric duct described above, It is not !mown what the fate of the meso­

nephric ureter and its ne:Phrons would ha.ve been had the embryo gone to 

term. 

~t accessory ducts are not.in all instances normal ureteric 

buds developing from mesonephric ducts is also proved by embryo 172D 
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described above. There does remain the possibility, however, that the meso­

nephric ducts have produced normal ureteric buds in their progression to­

ward the cloaca but ceased elongating shortly after bud formation and thus 

failed to carry the base of the ureter along to the cloacal area. Such a. 

possibility' is indicated in some of the nine day embryos. This then would 

equate ureters and "accessory ducts 11 in some instances, the only distinction 

in such cases being either the direction or the point from which the two 

approach the metanephros. 

I have been unable to find a. reference to the utilization of the 

ureter as a. common duct for both excretory and reproductive products. 

Such a. circumstance can be anticipated in examination of embryo 36C in 

which the gross dissection shows the left testis held close to a ureter 

which presumably is actually a mesonephric duct. In this instance the 

duct continues to the bladder. In embryo 38J the duct which leaves the 

pelvis of the kidney extends to an undescended testis and terminates. 

A similar relationship and origin exists here. 

Among the experimental animals were some in which the metaneph­

ric condensation underwent normal develo~ent after induction by a.cces~ 

sory ducts which would afford no outlet for the excretory products. The 

resulting developnent would be a. cystic kidney but of a. type which I 

have not found described in tests of human embryology or pathology. 

Hypoplasia of the metanephros 

The metanephrogenic condensation was present in all embryos that 

were examined histologically. A change was apparent in the tissue if ·in­

duction had not occurred before the 12th ~. A rather granular appearance 
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· I developed in the ma.ss and the staining characteristics were less in­

tense. 

In two instances the condensations were reduced in size. No 

explanation is offered for the one-third normal size metanephric mass ob­

served in a. nine day embryo except that this ma;y be an instance of a 

latent expression of hypoxia, for there is no evidence of a metanephric 

mass during the 8th day. . The lzypoplasia observed in the 11th day embryo 

was associated with induction by an accessory duct. Gluecksobn.-Schoen­

heimer (1949) observed that whatever kidney develops in mutant strain 

Sd+ mice, there is alwa.ys a. normal qua.ntita.tive relationship of medulla. 

and.cortex. On the basis of her observation and the devious method of 

induction in this metanephros, it ·seems quite likelY that in both in­

stances either the inducing structure is not' equivalent tc the normal 

physiological inducer of the inducer has a.rrived ta.rdi1Y a.t its des­

tina.tion and some of the waiting tissue has lost its competence. What­

ever inducer is present would be capa.ble of causing differentiation of 

metanephrogenic tubules only to a.n extent comparable to its own ability 

to form a. system of collecting ducts. 

Abnormal position of the metanephric kidney 

The failure of the metanephric masses to ascend to their nor? 

ma.l la.tera.l positions is assigned to regional abnormalities ra.ther tha.n 

to a. deficiency of the metanephric tissue itself. The development of col­

lecting units within the metanephric ma.ss was either norma.l or bad di£­

ferentia.ted to a.n extent comparable to embryos of similar a.ge a.fter ex­

posure to maternal lzypoxia.. The umbilical arteries were in a. position to 
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interfere with normal migration. This, in some respects, is reminiscent 

of anomalies of the iliac ple;1tUS observed by Brown ~1931) in mice and said 

to account for abnormal pressure or distortion of the tissues in the lum-

bosacral area. The possible role of the umbilical arteries will be con-

sidered in the section on vascular relationships. 

The abnormal development of the metanephroi in which their final 

position was immediately adjacent to one another so as to produce ad-

herence, if not actual fusion, has been noted in other teratologic stud-

ies, including that of Wilson and Warka.ny (1948) who studied ma.lforma-

tions in the genito-urinary tract in the embryos of vitamin A deficient 

rats. In their investigations there was no evidence of umbilical arteries 

exerting undue pressure on the migrating kidneys. Sikov and Noonan (1958) 

observed similar abnormalities in rats from mothers to which radiophos-

phorus had been administered. The basis of the abnormal position in 

their study was not indicated. 

The relationship of urogenital abnormalities 
to neural and skeletal defects. 

Because of the significance of the mesoderm and neural tube in 

organizing functions of vertebrates, a survey has been made of there-

lationship of urogenital abnormalities to neural and skeletal defects. 

Gluecksohn-Schoenheimer (1949) and Watterson (1954) have shown that in 

mice and chicks, respectively, the qualitative and quantitative formation 

of cartilage of the neural arches is dependent on the amount of neural 

'tube present. It has been shown that the formation of cartilage which 

ultimately undergoes endochondral ossification in formation of the centrmn 
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of vertebrae is dependent upon the presence of the notochord in the chick, 

Eighty-three percent of 114 embryos from females exposed to hypoxia 

for 5 hours during the 7th or 8th day suffered abnormal developnent of the 

axial skeleton, Sixty-seven percent of the embryos examined histologically 

(the 8 daiY 10 hour series) had abnormalities of the spinal cord, Thirty-

eight of the 45 embryos with abnormalities of the excretory system also 

had spinal defects. There were seven embryos which had no spinal defects 

associated with abnormalities of the excretory system. In view of the over-

all high percentage of skeletal defects and the frequency of spinal ab-

normalities lljiJOng the embryos, it is quite possible that the relationship 

between abnormalities of .the three systems is due to more than coincidental 

sensitivity to hypoxia. The study of more fully developed embryos than 

those examined histologically in this work \fould shed light upon this 

problem, Smith (1958) determined the dependency of the sclerotome of 

the hamster upon neural induction and commented as follows: 

The inductor principle of the neural tube which yields sclerotome 
in the formation of the vertebrae (demonstrated by Grobstein in the 
mouse) can be demonstrated in the hamster. Al3 explantations are made 
on successive!y later days in development the percentage of the an­
lagen which develop into recognizable vertebral elements rises sharp!y. 
These indicate that the inductor systems have, by 8.5 days of develop­
ment, irreversibly determined the fate of their respective mesoderms. 
This is true of both the limb bud inductor system and that of the 
neural tube. 

I:f the role of this inductor system could be extended to the nephrogenic 

ridge it would be of significance in explaining the confinement of excre-

tory abnormalities observed to embryos of mothers which had been exposed 

to hypoxia during the first ten hours of the 8th day of gestation. 
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Gruneberg (1952) states that 10the developnent of the uro-rectal syridrome 

as the result of many different genetic situations /Jn mici{ has be.en 

used as evidence for the existence of an inductive relationship connect-

ing the axial skeleton with the hindgut .and urogenital system." There 

was no evidence of abnormality of the notochord associated with skeletal 

or neural defects in the histological preparations of the present work. 

Vascular relationships 

Failure of the mesonephric duct to approach the metanephric 

condensation in embryo 156A may have been related to the presence of an 

irregular, small vessel which lay between the metanephros and the duct. 

This. would not seem, however, to account for the failure of the duct to 

continue to the cloaca rather than passing laterally to the adjacent 

mesenchyme. 

The relationship of the pos1r- and sub-cardinal veins in the 

hamster is not comparable to the situation seen in animals such as the 

pig, where the mesonephros attains a functional capacity. The sub-

cardinals are large and from them develop the glomeruli associated with 

the mesonephric tubules. In the hamster, the sub cardinals are in the 

vicinity of the mesonepilros but consist mainly of small anastomosing 

passagewa;ys at times closely associated with the tubules, but at other 

times not visible for a number of sections. Their developnent is sig-

nificant only in the area where they combine with the posterior cardinal~; 

and the caval fold in the developnent of the post cava vein in the vi-

cinity of the metanephroi. Glomeruli have not been observed in association 

with the mesonephros of the hamster. 
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According to Boyer (1948) -the left umbilical artery undergoes re-

gression begjnnjng on day 12. A variation from -the normal pattern occurred 

in the absence of -the left umbilical artery in 5 animals and of the right 

in one other. The abnormal medial position of -the kidneys in embryos 

166C1D, and 172G was possibly determined by the interrelatioiiship of the 

umbilical arteries and the urogenital ridge for in these specimens the 

kidneys appeared to be wedged between the arteries ventral to the origin 

of the latter from the dorsal aorta (fig. 16). 

Brown (1931) observed that the frequency of excretory abnormalities 

in the descendants of x-rayed mice was due to aberrant vascular patterns. 

She described inadequa.ciios of blood vessels s,uch"a.s agenesis, h;ypopla.sia, 

distortion, and rupture of vessels of the iliac plexus as being most sig-

nificant. Agenesis in her mice was due largely to failure of the nor-

mally located ureter to pass through the aberrant vascular plexus to the , 

metanephros. Agenesis in -the present work was largely due to the failure 

of the mesonephric ducts to approach the cloaca with ureters 11in hand". 

Brown believed abnormal position ofthe kidneys was determined "largely 

by the structure and adequacy of the umbilical arteries at the time of 

body torsion. That the same time factor is significant in the experi-

mental hamster has already been suggested. I a.m not prepared, however, 

to indict the umbilical arteries in the same wa.y. 

Distribution of abnormalities of 
the excretory system. 

Little can be said about the greater frequency of abnormalities 

noted for the left as opposed to the right side of the urogenital system. 
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Herniation of the diaphragm in these animals displayed a. pure right­

handedness, It is a. fact that certain abnormalities ha.ve a. predilection 

for one or the other side reminiscent of the tendencies of individuals 

toward right versus·left handedness. Landauer (1939} studied the fre­

quency of supernumerary nipples and other abnormalities. In the instance 

mentioned it was found tha.t 45.~ of the cases of hyperthelism were on 

the right, and 54.2% on the left side of the bo~. · Furthermore, there 

was greater frequency of the abnormality in men than in women, Carpen­

tier and Potter (1959} report a. 3:1 ratio of males to females in fre­

quency of bilateral renal agenesis in the human. Gluecksohn-Schoenheimer 

(1943} observed a. left hand.tendency in occurrence of urogenital abnor­

malities in the Sd strain of mutant mice, 

Ba.gg {1925) observed a. ratio of 140:145 cases of right to left 

renal agenesis. Brown (1931, working on the Ba.gg line, noted that "the 

failure in development of the right kidney is twenty percent more fre­

quent than the left kidney in 9-12 day stage of development. But from 

this time on to term, probab!y through absorption and death of defec­

tive embryos, the number of kidney failures is found to be the same on 

the two sides." Brown believed that the direction of twisting of the 

bo~ in ea.r!y stages of d~elopment is related to the stage of develop­

ment of the umbilical arteries. If there is a. twisting to the left, 

the left metanephros is more subject to pressure while the right side 

is comparativelY stretched. Her results indica~ed that the compression 

was more detrimental than stretching and she held this to be an addi­

tional factor in determining which side would be more susceptible to 
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i~egularities of excretor,r development. 

In view of the absence of~ apparent causative factor involved· 

in the left-handed tendency noted in abnormalities of the excretory system 

in this stndy, the condition will simply have to pass recorded as an ob-o 

servation. 

other abnormalities 

It has been observed that a wide variety of abnormal conditions 

occurred in both gross and histological examination of the embr,ros in 

this stndy. It is interesting to observe that all teratogens, when 

applied during the most susceptible periods of embryonic development, 

generally result in a broad array of defects. Often the systems in­

volved are identical; not infrequently the same structures are affected, 

sometimes in g)lite similar fashion, other times in different ways. The 

spectrum of abnormalities associated with~ one teratogen acting in a 

given period on a selected organism is reminiscent of the phenomenon 

of pleiotropism in genetics in which one gene is associated with the 

production of a similarly large number of abnormalities. As an illus­

tration of this situation four lists are presented in table 6. The 

work on the rat has been done by Wilson (1953), on human material by 

Carpentier and Potter (1959), and Potter (1946), and on the mouse 

byHummel (1959). 

Hummel (1959) described a semi-dominant lethal gene Disorganiza­

tion (IS) which "differs from other deleterious genes of the mouse in 

several respects; the variety of expression or pleiotropism in hetero­

zygotes, the wide distribution of abnormalities, their random distribution; 
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th~ laCk of patterning of multiple defects1 and certain of the t,ypes of 

anomalies." She adds thst "disorganization appears to be active and ef-

fective as a teratogen during the entire period of major organogenesis 

in contrast to other genes and extrinsic. teratogens which act for shorter 

periods on specific developmental stages •••• Disorganization appears to 

disturb some basic metabolic process thereby causing overgrowth, mis-

placement, and general upset in inductive relationships." 

TABlE 6 

lT.li)IIZ"ATION OF PLEIOTROPIC EFFECT IN TERATOLOGY, ASSOCL\TED .ABNORMALITIEs 
IN HUMAN AUTOPSY MATERIAL IN. C.AS11S OF BILATERAL RENAL AGENESIS, .AND TRUE 

HEREDITARY PLEIOTROPISM INi MICE 

Hamster Bat llilma.n Mouse 

Hypoxia Vitamin A Autopsy DS Mutation 
Deficiency 

exencephsly eye abnormalities anencephaly cranioschisis 
micrognaths aortic arch de- abdominal tes- exencephsly 
hare-lip fects tes hamartomas 

. vertebral
1 
and rib lung anomalies septal defects anomalies of 

· anoma 1.es 
limb defects heart defects ano-rectal mal- appendages 

cryptorchidism diaphragmatic formations eye defects 
renal agenesis hernia limb abnormal- gastroschisis 
hydroureter renal abnormal- ities defects of tail 
uterine aplasia ities hypoplastic anomalies of di-
herniated dia- . ..ectopic ureters limbs gestive tract 

phra.gm abnormal genital renal agenesis urogenital de-
abnormal spinal ducts uterine a.plas ia. fects 

cord dia.phr{l;gmatic 
hernia. 
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The Hypoxic Mechanism Ca.uiiing 
Congenital Abnorma.li ties 

There is no ~ principle which can be applied to. account 

for all the abnormalities identified. The structures affected are o~ 

ectodermal origin in some instances and of mesodermal origin in others. 

Some were involved in tubulation, others in formation of supporting 

structures; some were destined to become epithelial units while others 

would function a.s connective tissue or neural elements. The only basis 

for comparison lay in their common involvement in the processes of cellu-

lar movement, growth, division, differentiation, or surface-related pbe .. 

nomena. including migration of cells to appropriate positions and their 

a.ssociationwith inductive processes. All these factors are playing within 

each individual genetic background. 

The effect may well have been related to (1) retardation or 

other interference in development by decrease in the amoun~ of oxygen 

available, (2) accumulation of toxic substances or (3) interruption of 

normal placental transfer including possible contamination with mater-

nal substances through abnormal permeability of placental structures. 

Embryos are known to be ab1e to function under anaerobic condi-

tions for some periods of time. E.J.Boell (1955) states that:. 

A comparative stu~ of the rate of anaerobic glycolysis and respi­
ration in presomite and early somite rat embryos has revealed the 
interesting fact that the embryo can derive more ene~ from the 
anaerobic breakdown of glucose than from oxida.tion~Boell and 
Nicholas, unpublishe~. This may have considerable significance 
for the embryo, for a condition of "Everest in utero" "Probably 
exists during the period before placentation a.s well as at birth. 

It has been noted by teratologists that the rat is resistant to congenital 
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defects on exposure to h;ypoxic conditions. 

Other factcrs which_ma~be involved in the response of the embryos 

to h;ypoxia would include the degree of oxygen saturation of the blooa. and 

the response of the embryonic system to a decrease in oxygen tension. Pry-

' 

towshy (1957) studied the placental structure of IIS.IJIIII!l.ls and its relation-

ship to oxygen pressure gradiant between maternal and fetal bloods. He 

observed that "the oxygen capacity of embryonic blood is higher than tha'j; 

of maternal, but its [jrrmryoni.il saturation is lower than that of maternal 

blood." Dawes (1955) found that the fetal lamb also has a low percentage 

of oxygen saturation of the blood. A study of fetal blood pressure and ; 

umbilical flow revealed that "the sympathetic system of the lamb is ade-1 
' quate to give typical adult responses of increased blood pressure, heart' 

rate, umbilical flow and oxygen capacity of blood (largely through con-

traction of the spleen)." This latter consideration, however, would not 

enter into the problem of h;ypoxia. in the 8 dey hamSter errmryo. 

An additional factor Which might be inVolved in determining the 

relative sensitivity of hamster embryos to h;ypoxia in comparison to those 

of other species might be found in ~iologica.l mechanismS Which assist · 

the maternal organism of a. hibernator to adjust to lowered oxygen ten-

sion. I have no suggestion as to the possible significance of this fac-

tor on either maternal survival or embryonic morbidity or mortality. In 

a study of the comparative ~esistance of hibernators and non-hibernators, 

Hiestand, Rockhold, Stemler, Stullken and Wiebers (1950) observed that 

"the greater hypcxic resistance of the young appears to be due to such 

factors as incomplete homeothermism, cerebral metabolic rate, and glyco­

lytic ability •••• It is suggested that good anoxic resistance is a. 
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prerequisite to ability to hiberna.te. 11 

Genetic .Aspects of The Problem 

The animals used in these eXperiments were non pedigreed albino 

hamsters in which no excretory abnormalities had been detected. The 

question might be asked if the frequency of a.cy teratogen-induced ab-

normality might not be assign.ed to th!l enhanced susceptibility of a cer~ 

tain genetic composition. Ianda.uer (1954) noted a facial defect rate of 

60.3 • 3.42 for White Leghorns and 93.7 + 1.57 for Silver Gray Dorkings 

which had been exposed to the same 2.5 mg. boric acid teratogen after 

96 hours of incubation. Just as there are modifiers and factors for in­

complete penetrance in genetic studies, so one would anticipate that 

these factors would also modify the results obtained in a study of ter~ 

togen induced abnormalities as proven by Landauer. While an experiment 

using non in-bred animals does not permit close comparison of figures 

with those obtained from a genetically controlled experiment, it is quite 

possible that the variety of effects detected in this study exceeds thos~ 

which would be identified under other experimental conditions. In study­

ing inductor relationships it may be advantageous to obtain as much varia­

tion as possible. 

The lists of congenital abnormalities found at autopsy, from tera­

tology, and from hereditary factors are most interesting in the similarity 

of structures affected, often times in association with urogenital abnor­

malities. The only references found on urogenital abnormalities in the 

hamster which are based on genetic effect are those reported by Magalhaes 

(1959) and Orsini (1952). Magalhaes described renal agenesis, cystic 
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kidneys, abnormal uteri, a.nd other a.bnormali ties in a. strain of! 'l'lhi. to­

spotted golden hamsters. Orsini observed aplasia. in the f!!ma.le urogeni-. 

ta.r tract of a. group of piebald hamste;rs. Neither report indicated tha.t, 

the genetics of the abnormalities ha.d been worked out. Since the present 

work was done on albino hamsters, it would be of interest to see if there 

is a.ny relationship of coat color a.nd tendency to certain urogenital ab­

normalities. 

The duplication of muta.tiona.l effects by teratogenic measures is: 

called phenocopy. When similarities in patterns of defects were noted 

by geneticists a.nd tera.tologists, the interest in comparative mechanisms 

o:l; abnormal development ra.n high. It was hoped tha.t knowledge of the 

mecha.nism8 by which the teratogen exerted its influence would lea.d to fur­

ther information about the genetic basis of comparable abnormalities. The 

possibility of duplication of genetic effects by tera.togens is not impos.si­

ble, but, because of the extreme complexity of biochemical reactions, 

growth patterns, a.nd differentiation rates, it is rather unlike~ tha.t sig­

nificant contributions ca.n be ma.de in this direction by teratologists un­

til the approach becomes more biochemical a.nd quantitative rather tha.n 

descriptive. 

Investigations have beenmede by Zwilling a.nd DeBell (1950) on 

the patterns involved in gene versus sulfa.nilimide determined micromelia 

in chicks a.nd by La.ndeuer (1947) on genetically determined a.nd insulin 

produced rumplessness in chickens. While the products in both genetical~ 

a.nd teratogen-induced abnormalities were rather comparable in both in­

stances, the mechanism of action differed so tha.t there was no indication 
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of a. close relationship of the biochemical pathways involved. Zwilling · 

observed that 11it is only through a. study of the derangement of premor­

phologica.l processes that one ma.y actually determine whether different 

treatments which produce similar conditions do so a.s the result of non­

specific reaction or by specific effects which, a.t some point, have a. 

common a.nd similar action. 10 Hadorn ( 1958) stated that "a. certain gene­

specific sequence of amino acids determined by the template might then 

be incorporated a.s building-blocks in different peptides or proteins. 

From such a. mechanism a. genuine pleiotropy could be initiated. 10 This 

observation is of interest here for two reasons; first, we have just re­

cently commented on pleiotropy, a.nd second, beca.use it reminds one of 

the vast expanse of biochemical reactions which a.re involved in life a.t 

all sta.ges a.nd further indicates that if the one gene - one enzyme 

theory is correct, the likelihood of arriving at very basic solutions 

via. teratology is remote. There is some encouragement, however, in Lan; 

da.uer 1 s (1954) observation that tera.togens become more specific in their 

effects a.s they a.re applied to the more fully differentiated embryos. 

Brief mention will be made of genetic studies in the more widely 

used a.nd better known experimental animal, the mouse. Gluecksohn­

Schoenheimer (1943) presented data. on the Sd mutation, a. simple dominant, 

which affects the tail a.nd urogenital system of mice. This particular 

study is of interest to .the current problem because of her a.na.lysis of 

the relationship of ureteral development a.nd metanephric induction. There 

is a marked similarity in the observations of Glueoksohn-Schoenheimer on 

urogenital abnormalities in the mouse a.nd the observations of Pohlma.n {1902) 
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on similar anomalies in human autopsy material. To these studies could 

be added a. third, the material presented in this paper. Between the 

three works we find (1) a paper prepared from genetically controlled 

stoCk in which renal agenesis is associated with a dominarit mutant gene 

Sd, (2) a paper describing the nature of e;occretory anomalies of the hu­

man which have been called "experiments by nature", and (3) a controlled, 

but genetically undefined, experiment in teratology which has contri­

buted to the understanding of development and inductive powers resident 

in the experimental animal the hamster, Mesocricetus auratus. 
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1. The embryo of an albino strain of the golden hamster, Mesocri­

cetus auratus has been sho\m to be sensitive to hypoxic i.nsult during 

the 7th through ths loth day of gestation. The array of congenital ab­

normalities detected is a function of the time and duration of exposure 

of the maternal organism to the hypoxic insult. The mortality and mor­

bidity rates increased as the duration of hypoxia. increased. Within the 

time period tested., greatest sensitivity of the developing excretory 

system to the hypoxic stress occurred during the period of most rapid 

differentiationand morphogenesis which takes place after completion of 

eignt ~ of gestation. The above results are i.n agreement with obser­

vations of other teratologists on a variety of experimental a.ni.ma.ls 

using a. variety of teratogens. 

2. The nature of the excretory abnormalities ranged from lo cali.zed 

deficiencies of ihe mesonephric duct to bilateral renal agenesis. 

). The mesonephric duct of the hamster appeared to form by elonga.-. 

ti.on of:a growing tip rather than by accretion of new cells during its 

posterior development. 

4. The mesonephric duct, accessory ducts from ths mesonephric duct, 

and the ureteric tip were all capable of inducing development of the 

metanephric blastema. 

5. It is proposed that the collecting ducts of the chick mesonephros 

are homologous with the accessory ducts of the mesonephric duct and the 

ureteric buds of the mammal. 
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6. It is suggested tbs.t the use o£ non-pedigreed animals with genetic 

parameter limited onl;y by the similarity in coat color has possibly af:forded 

a greater variety of effects from exposure to Jzypoxia than would bs.ve been 

obtained under more closely controlled genetic conditions. 

7. It is proposed that the effect of Jzypoxia may bs.ve been related 

to simple retardation in development by decrease in the amount of o:x;ygen 

available, accumulation of toxicsubstances, or interruption of normal 

placental transfer with possible contamination with maternal substances • 

.A:rJy one of these factors may bs.ve interferred with surface-related phenom­

ena involved in cell migration or· guidance systems. 

8. The abnormalities of developnent of the mesonephric duct are 

believed to be dut to inhibition of growth and/or differentiation and 

the incompatibility of localized areas of development with normal meso­

nephrogenic tissue. 
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:Figure 1 

Equipment USed for Production of 

Decreased Atmospheric Pressure 



Figure 2 

of 15 

Figure 3 

... ormal Urogenital Relationships 
of 15 Day Fe:nale Embryo ( 4X) 
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Figure 4 

}zy'droureter in Embryo After Ten Hours of 
Hypoxia on Eighth Day of Gestation (4X) 
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Figure 5 Figure 6 

Unilateral Renal Agenesis ( 4X) Bilateral Renal Agenesis (4X) 
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Figure 7 

Nine y Control: Section Through 
esonephric Tubules and Ducts (lOOX) 
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Figure 8 

Nine Day Control: Section Showing etanephric Condensation 
With Contained Ureteric Bud and Mesonephric Duct 

Relationship with Cloaca (lOOK) 
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Figure 9 

Nine Day Test: Section Through Embryo 156F Showing 
Cloaca., Metanephric Bla.stema.e, and Abnormally 

Placed Mesonephric Duet (lOOX:) 
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Pigure 10 

Nine D~ Test: Section Through Embr,yo 156G 
Showing Continuation of Left Mesonephric 

Duct Beyond Cloaca (lOOK) 
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Figure 11 

Ten Day Control: Urogenital liidge Showing 
Mesonephric Tubules and Duct, Mullerian 

Duct, and Gonadal Anlage (lOOX) 
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Ten Day Embryo 146G Showing Mesonephric Duct 
and Development of Metanephric Condensation 

about Mesonephric Duct (lOOK) 
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Figure 13 

Ten Day Embryo 125B Showing Wetanepbric Centers 
Developing about Accesso~ Duct (Dors~l} 

and Ureteric Bud (Ventral) (100X) 
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Eleven ~ Controls 
Rid~s and 

gure 14 

ecti n Through Urogenital 
ta.nephroi (50X.) 
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Figure 15 

Eleven Day Embryo 1720 Showing 
Abnormal Location and Proximity 

of Metanephric Masses (50K) 

1~ 



Figure 16 

Eleven Day Embr,yo 166F Showing Abnormal 
Metane~hric Position, Origin of Umbilical 
Arteries, and ~jor urogenital Ducts (50 ) 
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Figure 17 

Eleven Day Embryo 137 A Showing 
Splitting of the Urogenital 

Ridge (50X) 

Figure 18 

Eleven Day Embryo 137 A Showing 
Escape of Mesonephric IA.lct 

to Body Wall (50X) 
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Figure 19 

Eleven Day Embr,yo 137G Showing 
Failure of Urogenital Ridges to 

Project into Coelom \50K) 



Figure 20 

Eleven Day Embryo 137G Showing 
Mesonephric Duct Passing 

to The Dermis (50K) 
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Figure 21 

Eleven Da.y Embryo 172D 
Showing Mesonephric Duct 
and Developnent of Meta­
nephric Condensation about 
an Accessory Duet. (lOOK) 

Figure 22 

Eleven Day Embryo 172D 
Showing Orientation of 
Metanephric Cells about 
Mesonephric Duct. (lOOX) 

Figure 23 

Eleven Day Embryo 172D 
Showing Organization of 
14eta.nephric Jrfa.ss about 

ureteric Expansion. 
(Note mesonephric "ureter" 

ventromedial to true 
ureter. (lOOX) 
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Figure 24 

Eleven Day Embryo rnc ShOWl.Ilg 
Left Metanephros (50X) 

Figure 25 

Eleven Day Embryo 177C Showing Termination 
of Duct Adjacent to the Cloaca (50X) 

.... 
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Figure 26 

Twelve Day Control: Development 
of Metanephroi (50X.) 
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Figure 27 

Urogenital Ducts of Twelve Day Control. 
lt1U. , Mullerian Duct, ME . , Mesonephric 

Duct, U. , Ureter . (50K) 
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Figure 28 

Twelve Day Embryo 131A Showing Left Renal 
Agenesis. (Note Left tanephric Blastema 

at Arrow.) (50X) 
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Figure 29 

Twelve Day Embryo 1310 Showing Origin 
of Accessory Duct from the MesoneiiJ.ric 

Duct (50X) 

Figure 30 

Twelve Day Embryo 1310 Showing Entrance of 
Accessory Duct into Metane!Xlric 

Condensation (50X) 

~ 
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Pigure 31 

Twelve Day Embr,yo 131C Showing Second ccessory 
Duct (A), Termination of esonephric Duct (M), 

and Mesonepl~ic Tubules {T). {50X) 
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Figure 32 

Twelve Day Embr,yo 142B Showing Two Accessory 
Ducts to esonephric Tubules . (50X) 
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Figure 33 

Embr,yo from Mother Exposed to Five Hours of 
Hypoxia During 8th Day of Gestation. (2 . 5X) 
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Figure 34 

Embryo from Mother Exposed to Ten Hours of 
aypoxia on 8th Day of Gestation Showing 

Herniation of Viscera. (4X) 

, 
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Figure 35 

Eleven Day Embryo 137C to Show Abnormal 
Development of the Spinal Cord. (lOOX) 
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Figure 36 

Eleven Da.y :Elnbryo 172A Showing 
Diaphragmatic Hernia.. (50X) 
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Figure 37 

Unilateral enal Agenesis and 
Two Left Testes . (4X) 

121 



BIBLIOGRAPBY 

Auer, J. 1947 Bilateral r.onal_agenosis. Anat. Roc., 97: 283-292. 

Bagg1 Ha.lsoy J. 1925 Hereditary abnormalities of tho viscera. 
I. A morphological stu4y with special reference to abnor­
malities of tho kidneys in descendants of x-rayod mice. 
Am. J. Anat., 36t 275-311. 

Barber, Aolota Nichols. 1957 The effects of maternal bypoxia on 
inheritance of recessive blindness in mice. Am. J. Ophth., 
44t 94-102. 

Beaudoin, Allan R. and James G. Wilson. 1958 Teratogenic effects 
of teypa.n blue on the developing chick. Proc. Soc. Exp. 
Biol. & Med.,97: 85-

Boell, H.A. Energy Exchange and Enzyme Development During Embryo­
genesis. Section VIII in Analysis of Developnent, Edited 
by Benjamin H. Willior, Paul· A. Weiss, and Viktor Ham­
burger. W.B.Saunders Co. Phila. & London. 1955. 

Boyden, Edward A. 1927 Experimental obstruction of tho mesonephric 
ducts. Prox. Soc. Exp. Biol. & Mod., 24:572-576. 

Boyer, Charles C. 1948 Development of the golden hamster, Cricetus 
auratus, with special reference to tho major circulatory 
channels. J. Morph., 83: 1-38. 

Boyer, Charles C. 1953 Chronology of development for the golden 
hamster. J. Morph., 92: 1-38. 

Bremer, John Lewis. 1916 Tho interrelations of the mesonephros, 
kidney, and placenta in different classes of animals. Am. 
J. Anat., 19t 179-210. 

Brown, Alice L. 1931 An analysis of the developing metanephros in 
mouse embryos with abnormal kidneys. Anat. Roc., 47: 117-172. 

Carpentier, Peter J. and Edith L. Potter. 1959 Nuclear sex and 
genital malformation in 48 cases of ronal agenesis, with 
especial reference to non-specific pseudohermaphroditism. 
Am. J. Obst. & G,ynoc., 78: 235-258. 

122 



Cheng, Dorothy Wei, La.n Fen Change, and Thomas A. Bairnson. 1957 
Gross observations on developing abnormal embr,yos induced 
by maternal vitamin E deficiency • .Ana.t. Bee., 129: 167-185. 

Curley, Francis J. and Theodore H. Ingalls, 1957 Hypoxia at normal 
atmospheric pressure as a cause of congenital malformations 
in mice. Proc. Soc •. Exp. Biol., 94: 87-88. 

Dawes,G,S, 1955-56 Ph;ysiological effects of anoxia in the foetal and 
newborn lamb. Lectures on The Scientific Basis of Medicine, 
5:53-66. 

Degenhardt, Von Karl-Heinz. 1954 Durch oK;::-ngel induzierte Fehl-
bildungen der .Al<ialgro.dienten bei "nchen. Zeit. fur Natur-
forschung, 9B: 530-536. 

Perm, Vergil H. · 1958 Teratogenic effects of tr,ypan blue on hamster 
embr,yos. J. Embr,yol. & Exp. Morph., 8: 284-287. 

Fischel, Alfred. 1912 Die Bedeutung der Entwioklungsmechanischen 
Forschung fur die Embryologie und Fathologie des Menechen, 
Vortro.ege und Aufstaze uber Entw.-mech, der Organisms 16: 

Fox, Marjorie H. and Charles M, Goss. 1957 Experimentalzy produced 
malformations of the heart and great vessels in rat fetuses, 
Atrial and caval abnormalities. Anat. Bee., 129: 309-331. 

Fraser, F. Clerke and T.D.Fainstat. 1951. Production of congenital 
defects in the offspring of pregnant mice treated with corti­
sone. Pediatrics, 8:527-533. 

Gersch, I. 1937 The correlation of structure and function in the 
developing mesonephros and metanephros. Contr. Embr,yology, 
Carnegie Inst. Washington, 26: 35-58. 

Gluecksohn-Schoenheimer, S. 1943 The morphological manifestation 
of a dominant mutation in mice affecting tail and urogenital 
system. Genetics, 28: 341-348. 

----, 1945 The embr,yonic development of mutants of the Sd strain 
in mice. Genetics, 30: 29-38. 

---- 1949 Causal analysis of mouse development by the study of 
mutational effects, Growth, 9: 163-176. 

Gluecksohn-Wo.elsch, Salome. 1957 The effect of maternal immuniza­
tion against organ tissues on embryonic differentiation on 
the mouee. J. Embryol & Exp. Morph., 5: 83-92. 

123 



Grabo'ITSki 1 Casimir and John A. Paar. 1958 The teratogenic effects 1 

of graded doses of eypoxia on the chick embryo. Am. J. A.nat. , 
103: 313-348. 

Gruenwald, Peter. 1942 Experiments on distribution and activation 
of nephrogenic potency in the embryonic mesencbyme. Physiol. 
Zool., 15: 396-409. 

Gruneberg, Hans. The Genetics of The Mouse. A!a.rtinus Nijhoff, The 
Hague, Netherlands. 1952. 

Grunwald, Peter. 1937 Entrlcklungsmechanische Untersuchungen uber 
die lienese einiger Fehlbildungen des Urogenitalsystems. 
Beitrage zur Pa.thol. A.natomie und zur all gemeinen Path., 
100: 309-322. 

Hadorn, Ernst. Role of Genes in Developmental Processes. In 
A Symposium on The Chemical Basis of Development. Edited 
for the McCollum Pratt Institute by \1illia.m D. McElroy 
a.nd Bentley Glass. The Johns Hopkins P.l;ess, Ba.l timore. 1958,-

Ha.le, Fred S. 1935 The relation of vitamin A to anophthalmos in 
pigs. A.m. J. Ophth., 18: 1087-1093 .• 

Ha.mburgh, Max. 1954 The embryology of trypa.n blue induced abnor­
malities in mice. A.nat. Rec., 119: 409-427. 

Hiestand, W.A., Rockhold, W.T., Stemler, F.W., Stullken, D.E., and 
J.E.Wiebers. 1950 The comparative eypoxic resistance of 
hibernators and nonhiberna.tors, ·l.'l:zysiol. Zool., 23: 264-
268. 

Hoadley, Leigh. 1925 Developmenta~ potencies of parts of the early 
bla.stoerm of the chick • .III Tho nephros with especial refer­

ence to the pro- and mesonephric portions. J. Exp. Biol., 
43: 197-223. 

Holland, Robert C. 1958 The effects of hypoxia. on the fetal rat 
adrenal. Ana.t. Rec. 1 130: 177-196. 

Holtfreter, lioha.nnss. 1944 Experimental studies on the development 
of the pronephros. Rev. Ca.nadienne Biol., 3: 220-250. 

Holtfreter1 J. and V. Hamburger. Amphibians. In Section VI of 
A.naly!lis of Developn9llt. Edited by Benjamin K.Willier, 
Paul A. Weiss 1 a.nd Victor Hamburger~ W .B .Saunders Co. , 
Philadelphia. a.nd London. 1955. 

124 



Hummel, Katherine P. 1959 Development of anomalies in mice re­
sulting from action of the gene, Disor~ization, a semi­
dominant lethal. Pediatrics, 23: 212-221. 

Humphrey, R.!l.. 1928 The developmental potencies of the inter­
mediate mesoderm of Amb1ystoma when transplanted into ven­
trolateral sites in other embryos: the primordial germ cells 
of such grafts and their role in the development of a gonad. 
Ana.t, Rec., 40: 67-101. 

Ingalls, Theodore H. 1950 The study of congenital anomalies by 
the epidemiologic method. N.E.J.Med., 243: 67-74. 

___ 1956 Causes and prevention of developmental defects. J .A.M.A., 
161: 1047-1051. 

Kelemen, George and Francis J. Curley. 1957 Development 
of the inner ear after maternal eypoxia.· A.M.A.Archives of 
otolaryng., 65: 558-566. 

---' and F.Randolf Philbrook. 1958 Monstrosities induced by 
eypoxia. N.E.J .Med., 259: 558-564. 

Kalter, H. and J, Warka:ey. 1959 Experimental production of con­
genital malformations in nwwunals by metabolic procedures. 
Pbysiol. Rev., 39: 69-115. · 

landauer, Walter. 1939 Supernumerary nipples, congenital hemi­
eypertropby,. and congenital hemiatropby. Human Biology, 
11: 447-472. 

1954 On the chemical production of developmental ab­
normalities and of phenocopies in chicken embryos. J.Cell. 
and Camp. l'hysiol., 43:261-305. 

, and H. Von Drunen. 1959 The effect of trypan blue upon 
----maternal protein metabolism and embryonic development. Ana.t •. 

R.ec., 133: 513-525. 

Loeb, Jacques. 1911 Konnen die Eier von Fundulus und die jungen 
Fisbhe in destilliertem Wasser leben? Archiv. fur Entw­
mech., 31: 654-651· 

Magalhaes, Hulda.. 1959 Urogenital abnormalities in white spotted 
golden hamsters. Ana.t. Rec., 134: 604. Abstract 108. 

Machamer, Helmut. 1929 Differenzierenfo.higkeit der Urnierenanlage 
von Triton alpestris. Arohiv. fur Entw-mech der Organisms, 
118 I 200-257. 

125 



Macht, Allan JL 1950 Bilateral renal agenesis, Am. J, Dis, 
Cbild •• 80: 295-

Meyer, .Arthur William. 
Press , Calif, 

The Rise of Embryology. 
1939. 

Stamford Univ. 

Miller, J .W ., Woo lam, D.H.M., and G.E. Temmjng, 1954 Congenital 
b;ydrocephalus due to experimental cypovitaminosis A. 
Lancet, 21 679-683. 

Miura, K;yumatsu, 1930 Eltperimentelle Untersuchungen uber die 
genetische Bequiehung zwischen dem Wolffschen Gang und 
der Urniere bei Froschla.rven. Jap. J, of Med, Sciences, 
lll 105-124. 

MurSkami, Ujihiro, Yoshiro Kameyama, and Takeo Kl!.to. 1955 The 
effects of maternal anoxia upon the development of embryos. 
Ann. Bep. Bes. Inst. Environmental Med. Nagoya Univ., 
Japan. 76-87. 

Needham, Joseph. A History of .l>mbryolog;r. Abelard-Schllllla.D1 N.Y. 
1959 

Nelsen, Olin E. 1958 The development of the primitive streak and 
earl;y chick embryc in relation to low o2pressure. Growth, 
22: 109-124. 

Oppenheimer, Jane. Problems, Concepts, and Their History. In 
Section I of Ana.l;ysis of Development. Edited by Benjamin H. 
ll'illier, Paul A. Weiss, and Victor Hamburger. if .B.Sa.unders 
Co., Philadelphia and London, 1955. 

Orsini; Margaret Ward. 1952 The piebald hamster: a mutation show­
ing growth retardation and urogenital a.bncrmalities, J. 
Hered., 43: 37-40. 

Ortiz, Evilina. 1945 The embryological development of the Wolffian 
and Mullerian duc'b! and tha accessory reproductive organs of 
the golden hamster (Cricetus aura.tus), Ana.t. Be,, 92: 371-389, 

Pohlman, Allgustus G. 1905 Abnormalities in the form of the kidney 
and ureter dependent on. the development of the renal bud, 

Johns Hopkins Hospital Bulletin,l6: 51-60, 

Potter, Edith L. 1946 Bilateral renal agenesis. J. Pediatrics. , 
29:68-76. 

126 



I 

Prytowsky1 Harry. 1957 Fetal blood studies. VII. The ox;ygen 
pressure gradient between the maternal and fetal bloods 
of the human in normal and abnormal pregnancy. Johne 
Hopkins Hospital Bulletin, 101: 48-56. 

Rugh, Roberts. 1954 The effect of ionizing radiations on amphibian 
development. J. Cell.&. Comp. Pbysiol., 43: 39-67. Suppl. I. 

Runner, Meredith N. 1959a Teratogenic agents and embryogenesis. 
Roscoe B. Jackson Memorial· laboratory 30th Anniversary 
Symposium. 

Runnsr, Meredith N. 1959b Inheritance of susceptibility to con­
genital deformity. Metabolic clues provided by experiments 
with teratogenic agents. Pediatris 1 23: 245-251. 

Russell, Liane Brauch 1950 X-ray induced developmental abnormalities 
in the mouse and their use in the analysis of embryological 
patterns. J. Exp. Zool. 1 114: 545-602. 

Schreiner, li..E. 1902 Uber die Entwicklun die .Amniotenniere. Zeit. • 
fur Wissenschaft Zoologie 1 711 1-181. 

Shimasak:l. 1 Yoshiak:l.. 1930a Uber den Einfluss der bilateralen 
Elimination der Vorniere auf den Gesamtorganismus dar Rana 
nigromaculata Larva. Jap. J. cf Med. Sci. & Ana.t. 1 n:-
257-267, . 

Shimasak:l., Yoshiak:l.. 1930b Transplantation der Vorniere von 
Ia.rven der Anuren-Amphibien. Jap. J. Med. Sci. & Ana.t., 
11: 291-319. 

Sikov, Melvin and Thomas R. Noonan. 1958 .Anomalous development 
induced in the embryonic rat by the administration of 
radiophosphorus. .Am. J. Ana.t., 103: 137-161. 

Smith, Thomas Edward. 1958 The organizing role of the limb bud 
ectoderm in intrapouch embryonal transplants in the hamster, 
(Mesocricetus auratus). Thesis. Boston University Graduate 
School. 

Smith, A.U. 1957 The effects on fetal development of freezing 
pregnant hamsters. J. Embryo!. & E><p. Morph. 1 5: 311-323. 

Spemann1 Hans. Embryonic Development and Induction. Yale Univ. 
Press, New Haven. 1938. 

Stockard, Charles R. 1909 The. development of artificially pro­
duced cyclopean fish - 11The magnesium embryo". J. Exp. 
Zool., 6: 285-337. 

127 



stoCkard, C.R. 1921 Developmental rate and structural expression: 
.An experimental stud;y of twins, "double monsters 11 and single 
deformities and the interaction among embryonic organs during 
their origin and development, AM. J, .Anat., 28: 115-277. 

Teceschi, C.G. and T .H.Inga.lls. 1956 Vascular anomalies of mouse 
fetuses exposed to anoxia during pregnancy. .Am. J, Obstet. 
& Gynec. , 71: 16-28, 

Waddington, C.H. 1938 The morphogenetic functions of a. vestigial 
organ in the chick. J, Exp. Biol., 15: 371-376. 

Waddington, C.H. 1936 Organizers in m'tmmalian development. Nature, 
1381 125. 

Watterson, Ra3'" L., Fowler, Ira and Betsy Jane Fowler. 1954 The role 
of the neural tube and notochord in development of the axial 
skeleton of the chick, Am. J, .Anat., 95: 337-399. 

· Ward, Margaret c. 1946 A study of the estrous cycle and the breeding 
of the golden hamster, Cricetus auratus. .Anat. Rae., 94: 
139-161. 

Warke.ey", Josef, 1954 Disturbance of embryonic development by materhal 
vitamin deficiencies, J. Cell, & Comp. ~siol., 43: 207-
236. 

----' and Elizabeth Schra.ffenberger. 1944 Congenital malforma­
tions of the eye induced in rats by maternal vitamin A de­
ficiencies. Proc. Soo. Exp. Biol, & Mad., 57: 49-52. 

Weiss, Paul. 1947 The problem of specificity in growth and develop­
ment. Yale Journal of Biol. & Med, 19: 235-278. 

1'lhi tney, Rae. 1957. Personal communication. 

Willier, B.R. 1954 Phases in embryonic development. J, Cell. & 
Comp. Pbysiol., 43: 307-317. 

Wilson, James G. 1953 Influence of severehemo=hagic anemia. during 
pregnancy on development of the offspring in the rat. Proc .. 
Soc. Ex.p. Biol. & Med., 84: 66-69. 

----' 1954 Differentiation and the reaction of rat· embryos to 
radiation, J, Cell. & Comp. Pbysio1, 43: 11-37. 

----'' 1959 Experimental studies on congenital malformations, 
J. Chronic Dis. 10: 11-130. 

128 



Wilson, James G and Stepba.nie Barch. 1949 Fetal death and ma.l- · 
development resulting from ma.terna.l.vita.min A deficiena,y. 
Proc. Soc. Exp. Biol. & Med., 72: 687-693. 

, Beaudoin, Allan R. a.nd H James Free, 1959 Studies on the 
...;....;.;..;..._mechanism of teratogenic;: action of trypa.n blue. Ana.t. Rec., 

133: 115-128. . 

___ ,, Roth, Carolyn B, a.nd Josef War:ka.ey. 1953 An a.na.l,ysis of 
malformations induced by vitamin A deficiency. Effects of 
restoration of vitamin A at various times during gestation. , 
Am. J. Ana.t., 92: 189-217. 

, and Josef War:ka.ey. 1948 Malformations of the genitourinary 
--- tra.ct induced by ma.terna.l vitamin A deficiency in the rat. 

Am. J. Ana.t., 83: 357-407. 

Zwilling, Edgar a.nd Jea.n T. DeBell. 1950 Micromelia. and growth re­
ta.rda.tion a.s independent effects of sulfa.nilimide in chick 
embryos;. J. Exp. Zool., 115: 59-81 

129 



• 

THE EPFECT OF w.mRNAL Hll'lllLLA. 

ON METANEPIIRIC DEVELOBIENT IN THE HAMSTER 

Abstract of a Dissertation 

Submitted in partial fUlfillment of the requirements 
for the degree of Doctor of Pbiloso~ 1960 

Boston university Graduate School 

by 

..ua.n. Eric Erickson 

(A.B. Middlebury College, l949r A.M. Boston University, 1955) 

Department of Biolo~ 

Field of S~cializationt Embryology 

lla.jor Instructor: Professor Donald I. Pa.tt 

lJO 



Sixty-six non-pedigreed gravid albino hamsters (Mesocricetus 

au.ratus) were exposed to a single dose of eypoxia of five to ten hours· 

duration between the seventh and tenth days of gestation in order that 

the period during which the embryonic excretory system is most sensitive 

to the action of the teratogen might be determined. Ma.ximum sensitivity 

occurred during the 10 hour interval between 1:30 - 11:30 a.m. on the 

8th day of development (post ovulatory) which is coincident with the 

period of most rapid differentiation, morphogenesis, and chenges in bo~ 

form (twisting and flexing). The oxygen pressure was equivalent to 40.5 

to 48.6 mm. Hg or 25.5 to 30.6 percent of normal atmospheric oxygen. 

Hypoxia was effected by use of an improvised altitude chamber consisting 

of two large-sized dessicating jars, a supply of compressed air, a vacuum 

pump, and a mercury manometer. The reduction of atmospheric pressure was 

approximately that found at an aJ.titude of 30,500 feet. 

Three hundred and five embryos were examined for gross abnormali­

ties after 15-16 days of development. One hundred eighteen embryos were 

sacrificed between 9t - 12! days of gestation and examined histologically 

for abnormalities of the developing excretory system. 

The array of congenital abnormalities detected was related to the 

time and duration of exposure of the maternal organism to the eypoxic in­

sult. Mortality and morbidity rates increased as the duration of hypoxia 

increased. Abnormalities identified included exencephalocoel, rnicrognatha, 

hare-lip, vertebral and rib defects, limb abnormalities, cryptorchidism, 

renal defects, hydroureter, uterine aplasia, herniated diaphragm, abnormal 

sp~l cord, and one instance of a double testis on one side. The renal 
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defects included rena.l agenesis, discontinuity of the mesonephric duct, pre­

mature and ectopic termination of the mesonephric duct, development of acces­

sory ducts from the mesonephric duct, multiple metanephric pelves forming 

about combinations of accessory ducts, mesonephric duct and ureteric buds, 

and ma.lpositioning of the metanephroi. 

Evidence is presented to indicate that the mesonephric duct of the 

hamster grows by elongation of a. growing tip rather than by accretion of new 

cells from the urogenital ridge during its pos'terior development. The meso-
' 

nephric duct, accessory ducts (elongate diverticula.e from the mesonepbri.c 

ducts in areas other than that which norma.lzy gives rise to the ureter), and 

the ureteric tip are all capable of inducing development of the metanephric 

blastema.. It is proposed that the collecting ducts of the chick mesoenprPoS 

are· homologous. with the accessory ducts and the ureteric buds of the mamma.!. 

The abnormalities of development of the mesonephric duct are believed to be 

due to inhibition of growth and/or differentiation and the incompatibility 

of localized areas of development with normal mesonephrogenic tissue • 
• 

It is postulated that normal surface related phenomena. involved in 

cell migration or guidance systems have been interrupted. It is proposed 

that this may be the result of simple retardation of development, inability 

of the embryo to complete appropriate biochemica.1 syntheses, or accumulation 

of toxic substances. Alteration in permeability of placental blood vessels 

might also be a complicating factor.· 

It is suggested that the use of non-pedigreed animals with genetic 

parameter limited only by the similarity in coat color has possibly a.f-

forded a. greater variety of effect than wotild have been obtained under 

more closely controlled genetic conditions. 
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