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Female golden hamsters (Masvixicetus au'atus) were raised 

from weaning on a ferule ;east -synthetic diet with or without "- 

tocophercl su;.,:lemen-tati, n in the amount of 25 mg. /kg. diet. 

When mature, both groups of animals were mated and it was 

found that daily weight records during gestation did not f of 1, w 

the weight gains made by pregnant. stock colony animals. No young 

were born to animals of the vitamin E- deficient group, and litters 

of reduced size were born tc the vitamin sac.,lemented grow,., 

suggesting that the u- tocopherol supplemented was insufficient. 

The vitamin E- deficient animals were sacrificed at 24 -hour 

periods to include days six through sixteen of gestation. Gross 

and histological examinations were made of the embryos and 

placentae: Normal embryonic development occurred through day 

eight. Embryo death with subsequent disintegration began during 

day nine and was attributed to an arrested devel , Ìment of the 

splanchnic _mesoderm with subsequent reduction in bl;cd cell volume, 

coupled with malformation f the allantoic blood vessels. This 

restriction on embry nutrition resulted in starvation. 

Ect dermal derivatives of the embryo continued t form 

placenta through the 12th day of gestation. At this stage the 

S 

: 

(ME. z rCF 1s AuguA) 

) 



2 

ecto:lacenta is normally invaded by allantoic splanchnic mesodermal 

blood vessels to establish first a transitional hemcchorial stage, 

which is followed by the hemcendothelial condition through a 

progressive l:.ss of the ectoplacental cells. Failure in the 

formation f a labyrinth allowed maternal blood to invade this 

region and initiated placental erosion. corresponding weight 

loss of the mother occurred at this stage. 

The Trager, cf ectodermel origin, continued its function of 

trcphospongium formation during the erosion cf tissue in the pre- 

sumptive labyrinth area. Later the trophospongium began to 

disintegrate with the formation cf maternal blood filled lacunae, 

and the giant cells were of smaller size than previously observed. 

The membranes were lost in the following orders amnion, 

visceral yolk sac, parietal yolk sac and Reichert's membrane. 

Amtimesometrially the uterine lumen with epithelium was re- 

established and the decidua capsularis disappeared as in the 

normal animal. 

The climax in the disintegration process was marked by the 

presence cf a pool of maternal blood containing leucocytes, membrane 

remnants, smaller giant cells, and cellular debris. Disappearance 

of this pool, an increase in the decidua basalis, and invasion by 

uterine epithelium returned the uterus to normal. 

A progressive (descending) intussusception was found in the 

large intestine of seven percent of the hamsters raised on the 

Torula yeast- snythetic diet. These intussusceptions were first 
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discovered when the everted portion of the large intestine projected 

from the anal opening. 
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PLACENTAL RESORPTION DURING VITAMIN E DEFICIENCY 

IN THE GOLDEN HAMSTER (MESOCRICETUS AURATUS) 

INTRODUCTION 

Only a few of the many investigations concerned with the 

vitamin E- deficient animal have been concerned with a direct study 

of embryological and placental abnormalities. 

The original rat resorption -gestation bioassay for vitamin E 

as developed by Evans, Burr, and Althausen (1927) and later modified 

by Mason and Harris (1947), makes use of a gross description of 

resorption sites in the pregnant uterus. 

Fetal and placental disintegration in the vitamin E- deficient 

rat was found to be completed during the 14th day cf gestation 

(Urner, 1931). Cheng and Thomas (1955) described a general retarda- 

tion of all tissues and organs along with exencephalus in the vitamin 

E- deficient rat fetus. 

Other fetal and placental abnormality studies have involved 

different species and employed various techniques of induction. The 

retrogression of the mouse fetus and placenta has been investigated 

by Fortuyn (1920), Newton (1935), and Kerr (1947). Fetal death in 

rats has been examined by Long and Parkes (1924), Corey (1933), 

Huggett and Pritchard. (1945), and Frazer (1955a, b). Henderson (1954) 

in a study of the resorbing rabbit, found that a marker injected into 

the uterine lumen is transported by leucocytes into uterine tissues. 

Temporary sterility in the vitamin E- deficient male hamster 

caused by reversible testicular damage was described by Mason and 



Mauer (1957) and may imply that fetal resorption in the vitamin E- 

deficient female hamster is also only temporary. Such a nutrition- 

ally caused fetal retrogression has not been described in detail, 

although fetal abnormalities in the hamster have been induced by 

irradiation (Harvey and Chang, 1962), by freezing pregnant hamsters 

(Smith, 1957), and salicylamide (LaPointe and Harvey, 1964), and by 

ovariectomy (Stanley and Soderwall, 1964). 

Several phases of normal hamster fetal and /or associated 

tissue development have been described by Graves (1945), Venable 

(1946a, b), Ward (1948), Boyer (1948), Beatty and Hillemann (1950), 

Purdy and Hillemann (1950 a, b, c, d), Adams and Hillemann (1950), 

Van ,irsdel and Hillemann (1951), Boyer (1953), and Orsini (1954, 

1957). 

This paper will describe placental abnormalities occurring 

during gestation in the vitamin E- deficient hamster. 
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VITAMIN E 

The discovery of a fat soluble factor necessary for reproduc- 

tion in the rat (Mattill and Conklin, 1920; Mattill, 1922; Evans and 

Bishop, 1922; Mattill and Stone, 1923; Sure, 1924) has been followed 

by a great many investigations on the biological distribution of 

this factor as well as on its chemical structure and properties. 

Occurring in nature as a component of vegetable oil and designated 

as vitamin E, this factor was isolated as an alcohol by Evans, 

Emerson, and Emerson (1936). Three vitamin E alcohols were pre- 

pared from wheat germ oil, and the name t- tocopherol was proposed 

for that alcohol with the most anti -sterility activity. Subsequently 

a total of seven tocopherols have been obtained from the oils of 

cereal grains (Fruton and Simmonds, 1961, p. 667). All tocopherols 

are derivatives of a 6- hydroxychroman ring structure bearing a 16- 

carbon aliphatic side -chain at position 2. Aloha- tocopherol, the 

most active member of the vitamin E complex known to occur in nature 

has meth;'1 groups in positions 2, 5, 7, and 8 of its ring structure 

(Figure 1). 

HO 
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CH 
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CH2CH2CH2CH CH2CH2CH2CH CH2CH2CH2CH CH3 

Figure 1. Alpha -tocopherol. 
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The other tocopherols differ only in hydrogen or methyl group 

substitutions in the 5, 7 and 8 positions (Fruton and Simmonds, 1961, 

p. 667). Although a- tocopherol does not readily engage in reversible 

oxidations, it is known to undergo the chemical oxidations illus- 

trated in Figure 2. Related to this oxidative activity is the fact 

that tocopherols can protect various compounds against oxidation in 

air. For example, when added to solutions of vitamin A in oil, 

tocopherols inhibit vitamin A oxidation and thus preserve its potency 

(Fruton and Simmonds, 1961, p. 1013). 

H3C 

HO 

u-Tocopherol "u-Tocopheroxide" 

CH3 
3 

u-Tocopherylhydroq inane 

CH3 

a-Tocopherylquinone 

Figure 2. Alpha- tocopherol Interconversions. 

In the living organism, vitamin E acts as an intracellular 

antioxidant in preventing the oxidation of unsaturated fatty acids, 

vitamin i1, lipids and phospholipids. Unsaturated hydrocarbons may 

follow a peroxidase chain reaction represented in Figure 3. (Tappel, 

1. , p. 494). 
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- + 02 --> 

RH + R100 ---> ROOH + 

Figure 3. Peroxidase Chain Reaction. 

This reaction sequence can be inhibited by a lipid antioxidant 

material such as vitamin E (Figure 4). 

+ 0 ROO 

ROO + EH -p ROOH + E 

Figure 4. Inhibited Peroxidase Reaction. 

In this scheme, the antioxidant neutralizes the free radical 

arising during the initial stages of autoxidation. During this 

reaction, the antioxidant in turn becomes a free radical undergoing 

irreversible chemical changes. (Vasington e aj., 1960, p. 50). 

These reactions are catalyzed by two iron -porphyrin contain- 

ing enzymes of the hydroperoxidase group, peroxidase and catalase; 

these two enzymes might function as a physiological safeguard in 

preventing the accumulation of toxic peroxides (White II a1., 1959, 

p. 345). Peroxidase activity has been found in milk, leucocytes, 

adrenal medulla, liver and kidney. The enzyme catalase is commonly 

found in animal cells with the liver, kidney and red blood cells 

being among the richer sources. 

The hydroperoxidases react by splitting peroxides. Peroxidases 

utilize an oxygen acceptor, while catalases utilize the substrate as 

5 
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both a substrate and an oxygen acceptor. In substrates containing 

high concentrations of low molecular weight alcohols and formalde- 

hyde, along with a low peroxide concentration, catalase exhibits 

peroxidase activity (Figure 5). 

HO HO,,, HOH ö 
Peroxidase Reaction I + + R 

HO HO"' HOH Ö 

HO HO HOH 
Catalase Reaction ( 

+ j 
I 

+ 02 
HO HO HOH 

Figure 5. Hydroperoxidase Reactions. 

Conditions commonly used to study these reactions favor 

peroxide as an acceptor for catalase activity. Physiologically, 

however, there may exist high concentrations of low molecular weight 

alcohols and formaldehyde with only a low concentration of peroxide. 

In this physiological environment, catalase may serve almost 

exclusively with no independent peroxidase system in animal 

tissues. 

Simon and his group (1956) found that two metabolic products 

of a- tocopherol are quinones structurally different from those 

obtained by chemical oxidation of a- tocopherol (Figure 6). But 

after devising a method for the quantitative determination of 

tocopherylhydroquinone and tocopherylquinone, Bouman and Slater 

(1957) proposed that all tocopherols are present in tissues as 

tocopherolquinones. Subsequently Morton and Phillips (1959), and 

Moore (1959) found equal amounts of ubiquinone in tissues of both 

R--> 

---> 

4 
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vitamin E supplemented, and vitamin E deficient rats; they concluded 

that there is no relationship between vitamin E status and tissue 

ubiquinone content. 

Figure 6. Chemical Oxidation Products (Quinones) of Alpha -tocopherol. 

The metabolic removal of the asymmetric C'-4 and C'-8 centers 

of the a- tocopherol side chain has shown these centers to be unrelated 

to vitamin E antisterility activity, even though configuration sub- 

stitutions of the C' -2 position of the ring structure change the 

biological activity of vitamin E (Isler et al., 1962). 

Absorption studies by Sternberg and Pascoe -Dawson /1959\ 

indicate that vitamin E is not dependent upon the pH or the 

presence of bile for its passage through the walls of the digestive 

tract. A cyclic resecretion of vitamin E through the stomach mucosa 

was indicated by the presence of C14- labeled a- tocophérol in the 

stomach contents 16 hours following ingestion. Maximum absorption 

occurred four to eight hours following ingestion, but no specific 

site for this absorption was determined. Simon as. al. /1956\ 

described a resecretion of a- tocopherol from the blood into the 

intestinal tract, and estimated that no more than ten percent of 

an oral dose is absorbed from the intestine. 

CH3 C; 
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:-although the liver is an important storage organ and indicator 

of vitamin E status, this vitamin is widely distributed in other 

tissues of the animal body as well. High concentrations have been 

found in the adrenal glands, nerves, heart, and uterus (bliss et ate,., 

1962, p. 451). On the subcellular level, vitamin E is unequally 

distributed among the nuclear, mitochondrial, and soluble fractions 

in amounts of 22, 44, and 34 percent respectively (Cowlishaw gt,Ll., 

1957). It is notable that the intravenous injection of d- a- tocopherol- 

5- methyl -C14 succinate resulted in greater radioactivity in microsomes 

than in mitochondria, while the intravenous injection of free radio- 

active tocopherol resulted in mitochondria having greater activity 

than microsomes (Simon fit j., 1957; Draper and idaupovic, 1959). 

Twenty -four hours following oral administration, vitamin E 

concentration was highest in the liver, lung, and skeletal muscle 

of the rat (Sternberg and Pascoe- Dawson, 1959). u- tocopherol 

turnover rate in liver was 45 to 50 hours, but slower in fatty 

tissue, nervous system, adrenal glands, and pituitary. Pregnancy 

and lactation increased the a- tocopherol turnover rate 20 to 40 

times in fatty tissues, ovaries and uterus, but slightly decreased 

the turnover rate in skeletal muscle. A significant transfer of 

a- tocopherol to the placenta, amniotic fluid, fetus, and milk 

occurred 24 hours following ingestion. 

Vitamin E deficiency studies have demonstrated disorders 

affecting gonads, epithelium, blood, teeth, and kidney, in addition 

to those tissues and organs previously mentioned. This wide 

The 



spectrum of tissues emphasizes the distribution of vitamin E, and 

implicates its function in a basic mechanism common to most cells. 

This basic mechanism may involve antioxidant properties which are 

common to all known tocopherols. Lea and Ward (1959), investigating 

the relative antioxidant properties, found that as a rule, activity 

decreases from monomethyl tocol to trimethyl tocol configurations, 

and from 3- methyl tocopherol to 7- methyl tocopherol to 5- methyl 

tocopherol. 

Many biological effects of vitamin E have been attributed to 

its antioxidant action (Mattill, 1947, p. 180 -182; Vasington gi., 

1960, p. 51). In support of this view were demonstrations that other 

antioxidants and unrelated compounds capable of undergoing oxidation - 

reduction, afforded partial protection against certain symptoms of 

vitamin E deficiency. Diphenyl- p- phenylenediamine (DPPD) was found 

to prevent fetal resorption in rats (Draper and Csallany, 1953; 

Draper et g1., 1953) but this protection was lost in the third 

generation, a fact suggesting that the antioxidant may have pro- 

tected residual tocopherol which is usually depleted. In a later 

effort to remove any doubt concerning the effect of DPPD, Draper 

gt el., (1964) devised a highly purified vitamin E -free diet and 

determined that sterile female rats regained productivity when 

supplemented with this antioxidant. Draper and his co- workers 

concluded that DPPD substitutes directly for metabolic tocopherols 

and that vitamin E function is entirely associated with antioxidant 

properties. 

9 
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An observed (Brc- aasmussen gx Al., 1961, p. 460) antagonistic 

action between tocopherols and unsaturated fatty acids also indicates 

an antioxidant function of the tocopherols. This fact may explain 

why cod liver oil cannot prevent the symptoms of vitamin E deficiency 

although it contains approximately 100 µgm. of a- tocopherol per gram; 

this amount of vitamin E may be many times greater than a daily 

dietary requirement. The addition of polyunsaturated fatty acids 

hastens the onset of vitamin E deficiency symptoms in the chick 

(Dam et Al., 1958 a, b) and increases the frequency of liver necrosis 

in rats (Valbert gt Al., 1959). The severity of symptoms depends 

upon the degree of unsaturation. Bieri Al. (1958) were able to 

produce exudative diathesis in chicks on a low vitamin E diet by 

the addition of Torula yeast, and concluded that the unsaturated 

fatty acid content of the yeast was responsible. On the other hand, 

these investigators added Torula yeast ash to the chick diet and 

produced exudative diathesis even though neither the minor elements 

(Al, As, Cd, Mc, Sb, Ti, Sr, Si, Zn, B, Br, Cr, Co, F, Ni, Y) nor the 

major components (CaS03, KH2PC4, K2S205, Ca3(PO4)2) of the ash 

produced the disorder individually. 

Alpha -tocopherol antioxidant properties at the subcellular 

level were demonstrated by Tappel and Zalkin (195a, b) who, by 

adding a- tocopherol, inhibited oxygen uptake and prevented enzyme 

inactivation in a suspension of mitochondria. Alpha -tocopherol was 

also effective in inhibiting peroxidation of liver mitochondrial 

lipids and in preserving their stability. Tappel and Zalkin suggest 
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that the increased lability of liver mitochondrial lipids in the 

vitamin E- deficient animal may be a primary cause of other vitamin E 

syndromes. Mitochondria from blood, lung, leg muscles, and hearts 

of rabbits were not affected as were those from the liver. 

Alpha -tocopherol was shown by Tsen and Collier (1960) to have 

a protective effect against the peroxidation of membrane lipids and 

the subsequent red blood cell hemolysis. From this observation, it 

can readily be visualized that peroxidation damage to membranes of 

cells and to subcellular structures could have far reaching effects. 

A release of lysosomal contents might hydrolyze the cell itself. 

Conversely, pregnant rats supplemented with vitamin E failed to shoe 

placental degeneration at term (Szontagh and Szabo, 1957). It was 

suggested that membrane peroxidation may have been inhibited. Tappel 

(1962, p. 501) generalized as follows: "Considering that lipid per- 

oxidation is widespread throughout the vitamin E- deficient animal or 

cell, there would be a wide array of secondary effects. Perhaps it 

is these secondary effects which are the underlying basic cause of 

the many controversial specific metabolic functions that have been 

studied, and if membrane damage could be defined, the extent of 

metabolic changes could be visulalized." 

Alpha- tocopherol may affect the terminal respiratory chain of 

cells. Nason and Lehman (1956) proposed that an unidentified lipid 

cofactor and u- tocopherol function between cytochromes h and c in 

the electron transport system. A lipid factor containing vitamin E 

was extracted with iso- octane, from the particulate cytochrome c 
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reductase of rat skeletal and bovine heart muscle by Donaldson and 

Nason (1957). They suggested that vitamin E was released at the 

active site of the enzyme by the lipid cofactor. Donaldson g..1 Al. 

(1957) . used d-u, and y- tocopherols to restore enzyme activity in 

cytochrcme ç, reductase from rat skeletal and bovine heart muscle. 

Even though the enzyme was inactivated by digitonin, by aging, or by 

iso- octane extraction, the tocopherols were effective in all three 

instances. 

Doubts concerning the role of a- tocopherol as an electron 

carrier in the terminal respiratory system were based on the lack 

of sufficient experimental evidence, and the fact that restoration 

of enzyme activity in iso- octane extracted preparations is not 

specifically dependent upon c- tocopherol (Bro- Rasmussen II mil., 1961, 

p. 460). Other lipid -like substances are active, for example: 

ubiquinone, phytol, vitamin K, neutral fat, certain hydrocarbons 

and other phenolic compounds. Nason at ál. (1964) have recently 

revived the proposition that vitamin E is a cofactor in the NADH- 

cytochrome _ reductase system of bovine heart muscle through their 

use of vitamin E in counteracting the effects of digitonin. 

Overlapping nutritional substitutions have been demonstrated 

among vitamin E, selenium, sulfur amino acids, and proteins. Schwarz 

(1951) supplemented a Torula yeast ration with either 0.5 percent L- 

cystine or 5.0 mg. percent u- tocopherol to provide "almost complete 

protection" and "complete protection" respectively against necrotic 

liver disease in the rat. In the chick, L- cystine prevents only one 

ß, 
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vitamin E deficiency symptom, namely, white striation of skeletal 

muscle (Bieri et al., 1961). Bieri (1959) had previously found that 

neither L- cystine nor selenium added to tissue homogenates would 

inhibit lipid autoxidation. It was accordingly suggested by Biers 

at a,. (1961) that L- cystine must give rise to new or modified cell 

components, probably proteins, which in turn act as antioxidants. 

Selenium does prevent a limited number of vitamin E deficiency 

symptoms (Wolf et _l., 1963). Such a dietary substitution is 

species specific, and what may improve the lamb may have no effect 

on the chick, rat or hamster. Seleno -methionine has been shown to 

be a more potent antioxidant than u- tocopherol (Hamilton and Tappel, 

1963) and again it is suggested that new or modified cell proteins 

incorporating selenium act as antioxidants. Witting and Horwitt 

(1964), in correlating the nutrition of selenium, vitamin E, fatty 

acids and methionine in the rat, found narrow ranges cf supplementa- 

tion for optimal growth. Selenium in quantity below 0.3 ppm was 

beneficial to the vitamin E- deficient rat, but at 1.0 ppm selenium 

toxicity appeared. 

Perhaps with common oxidation -reduction properties, 

a- tocopherol, sulfur -amino acids, proteins, and selenium may each 

similarly inhibit chain oxidation -reduction reactions. In a dis- 

cussion, Witting and Horwitt (1964, p. 358) proposed: "In view cf 

the recent paper of Shimazu and Tappel (1964) on the protective 

action of selenoamino acids against free radical damage to protein, 

a possible mechanism for the lowered tocopherol requirement may be 
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formulated. The formation of polar fatty acid peroxide groups within 

the hydrophobic membrane, a bimolecular- oriented phospholipid layer, 

results in an "unfolding" of the membrane, bringing peroxidized 

groups into the aqueous phase in contact with the surrounding pro- 

tein. Damage to the protein is then minimized when the protein 

contains selenium." 

Recent attempts have been made to involve vitamin E in 

nucleic acid metabolism. Dining (1962) found increases in the 

total DNA in the skeletal muscle of the vitamin E- deficient monkey 

and rabbit, as reflected by the increased number of nuclei. Using 

tritiated thymidine, Gerber at Al. (1962) traced a DNA change in 

the regions of muscle lesions the vitamin E- deficient hamster. 

The muscle cell nuclei were rarely labeled, indicating that rapid 

replacement and division cf cells in and around the lesions were 

responsible for the increased DNA turnover. It appeared that all 

types of hematopoietic tissues participated in the increased DNA 

metabolism of the vitamin E- deficient hamster, while no significant 

differences in DNA turnover rate in livers, testes and intestines 

existed between vitamin E- deficient or vitamin E- supplemented 

hamsters. 
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MATERIALS AND METHODS 

Ninety -five weanling female golden hamsters (Mesocricetus 

auratus) were weighed at 21 to 23 days of age and placed on a 

Torula yeast- synthetic diet deficient in both vitamin E and in 

selenium. The diet (Table I) was based on the diets of Schweigeit 

(1948), Schwarz (1958), and Decker and Henderson (1959). 

TABLE I. TORULA YEAST DIET 

Constituent Grams /Kilogram of Diet 

Torula yeast 300 

Salts HMW 50 

Sucrose 515 

Lard (Stripped) 50 

Vitamin Mixture 10 

Vitamin A 12,000 I.U. 

Vitamin D 1,700 I.U. 

Solka -floc B.W. 100 75 

"Stripped lard" used as a source of fat was prepared by Distil- 

lation Products Industries, Rochester, New York. In preparation, 

prime steam lard is subjected to molecular distillation in order 

to remove the most volatile fraction (10 %) with most of the tocopherols, 

leaving an estimated amount of five micrograms /gram cf fat. Torula 

yeast, type B, was obtained from the Lake States Yeast and Chemical 

Division of St. Regis Paper Co,., Rhinelander, Wisconsin. The 

inorganic mixture "Salts HMW" is based on the nutritional investiga- 

tions of Hubbell, Mendel and Wakeman (1937), and contains the 

following: 
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CaCO3 
MgCO3 

54.3% 
2.5% 

MgSO4.7H20 
K2HPO4 

1.6% 
21.2% 

Nadl 6.9% FePO4.2H2Ü 2.05% 
KC1 11.2% MnSO4H 0 0.035% 
KI 0.008% A1K(5042 0.017% 
NaF 0.01% CuSO4.5H20 0.09% 

Solka -floc B. W. 100 is a cellulose product of the Brown Co. 

Mills, General Sales, New York City, and increases the bulkiness of 

the diet. 

The vitamin mixture (Table II), added to the diet in amounts 

of ten gm. /kg., was compounded in proportions to supply the following 

vitamins in amounts of mg. /kg. of diet, as recommended by Schweigert 

(1948), and by Decker and Henderson (1959). 

TABLE II. VITAMIN MIXTURE. 

Constituent Milli g am /Kilogram of Diet 

Thiamine hydrochloride 8.0 
Riboflavin 16.0 
Pyridoxine hydrochloride 10.0 
Calcium pantothenate 20.0 
Niacin 50.0 
p -Amino benzoic acid 100.0 
Inositol 100.0 
Choline chloride 3,000.0 
2- methyl, 1,4- napthoquinone (Vitamin K) 30.0 
Biotin 10.0 
B12 10.0 
Folic acid 1.0 

lactose carrier (66.35 grams) was added to each 33.65 grams 

of vitamin mixture to facilitate its distribution in the rest of the 

formula. 

The Torula yeast fraction supplied 45 milligrams of thiamine 

A 



17 

hydrochloride and 15 milligrams of riboflavin per kilogram of diet, 

permitting the omission of these two vitamins from the vitamin 

mixture. 

Distilled water for drinking was provided ad libitum. 

Although the 15% protein diet supplied by the Torula yeast 

fraction cf the diet is not as desirable as a 20% protein diet 

(Hamilton, 1939), the lesser amount reduced selenium contamination 

and possible alleviation of vitamin E deficiency symptoms. 

Of the 95 weanling female hamsters placed on the vitamin E- 

deficient diet, 69 survived to be mated with normal males from the 

stock colony. Ten of these 69 died during their first pregnancy. 

One other female was sacrificed at term and examined grossly for 

surviving fetuses. Only blood clots in small loculi of the 

pregnant uterus were evident. 

It was originally planned to sacrifice the experimental 

animals during their second pregnancy after an abnormal first 

pregnancy had demonstrated a vitamin E- deficient condition. Six 

animals died following their first pregnancies which had been 

sterile. Eighteen animals, producing no young during their first 

pregnancies, were mated for a second time. One of these females 

was allowed to complete a second pregnancy with no young produced; 

two others died during gestation, and 15 were sacrificed for 

tissue study. 

Since all evidence indicated that the experimental animals 

were depleted of vitamin E, the remaining 34 were sacrificed at 
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representative 24 hour periods during their first pregnancy& The 

uteri and contents were placed in Bouin's picro -formol reagent for 

fixation prior to histological preparation and examination. A few 

individual loculi from fresh specimens were examined grossly with a 

dissecting microscope. 

total of 193 loculi from 24 pregnant female hamsters 

representing days six through 16 of gestation were embedded in 

paraffin at 56 °C and serially sectioned at ten microns. The mounted 

and cleared sections were stained with Delafield's hematoxylin 

(Harris' modification) and eosin -Y contrast stain. 

Embryonic and fetal ages were determined by the elapse of 

time between 5:00 A. M. of the morning following observed coitus 

and sacrifice. The selection of 5 :00 M. was based upon the 

observations of Ward (1948) who determined that hamster ovulation 

occurred at 1:00 A. M. on the second day of the estrus cycle, and 

the later work of Strauss (1956) who determined the peak of ovula- 

tion at 3:00 A. M. and that sperm required at least 2 hours to 

reach the egg. Strauss also found a ten hour limit on sperm travel 

and fertilization in exceptional cases. 

Daily weights of each experimental animal were recorded 

during gestation in an effort to confirm pregnancy before actual 

sacrifice. 

For a diet control, 18 weanling (21 days of age) female 

hamsters were weighed and placed on the Torula yeast- synthetic 

diet (Table I) that had been supplemented with u- tocopherol in 

A 

A. 
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the amount of 25 mg. /kg. of diet (Schweigert, 1948). When mature, 

these vitamin E- sup,lemented animals were mated with stock colony 

males. Daily weights during gestation were recorded in addition to 

the number of viable young born at term. 
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EXPERIMENTAL ANIMAL GROWTH 

Female golden hamsters raised from weaning to maturity on the 

Torula yeast basal diet (Table I), with cr without vitamin E supple- 

mentation, did not grow as rapidly as those in the stock colony. The 

stock colony diet consisted of a commercially prepared laboratory 

ration (Rockland :gat /Mouse Diet, distributed by Teklad, Inc., 

Monmouth, Illinois) supplemented with raw carrots. 

It is shown in Table III that stock colony female hamsters 

were consistently larger than the experimental females. It should 

also be noted that these stock colony animals were of a greater age 

spread (14 -28 weeks) when mated, than were those of the Torula yeast 

diet groups (9 -12 and 9 -15 weeks). If weanling hamsters are in good 

health, and are weaned at the same age (three weeks in this experiment), 

then their weights at weaning are greatly dependent upon litter size. 

The larger litters will have the smaller animals, although the total 

weight of the weanling hamsters in each litter remains fairly 

constant. 

Weights of hamsters at corresponding ages obtained by other 

investigators (Hamilton and Hogan, 1;44) and (Hill, 1955) are 

included in Table III. Their animal weights for 11 weeks cf age 

are included in the "weight at mating" column. 

Hamilton and Hogan (1944) reported that 85 grams was the 

maximum weight reached by vitamin E- deficient hamsters, a value in 

agreement with the average weight of the present experimental 

hamsters at mating. Hamilton and Hogan (1944) did not include 
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TABLE III. HAMSTER GROWTH. 

Animal Group 

Hamster Weights, Grams 

3 Weeks 6 Weeks At Mating 

Stock colony 

Torula yeast basal diet 

Torula yeast basal diet, 

vitamin E supplemented 

12 females 
Hamilton and Hogan (1944) 

10 animals 
Hill (1955) 

37 

43 

37 

27 

15 

76 

64 

70 

60 

35 

93 

89 

84 

101 

77 

biotin, vitamin B12, or folic acid in their basal diet, although the 

protein content was approximately 20 %. 

Longevity should be mentioned in connection with growth. 

Hamilton and Hogan (1944) found that vitamin E- deficient hamsters 

had a maximum life span of 18 weeks. The Torula yeast diet (Table I) 

without vitamin E, supported 11 male hamsters through life spans cf 

nine to thirty -three weeks. Four animals died before 18 weeks, six 

more before 25 weeks, and one survived 33 weeks. Of 14 vitamin E- 

deficient females not mated, nine died at or before ten weeks of 

age, four more before 14 weeks, and one during its 17th week. 
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WEIGHT CHANGES OF STOCK COLONY AND 
EXPERIMENTAL HAMSTERS DURING GESTATION 

Fourteen pregnant stock colony female hamsters were weighed 

daily to obtain a representative gestation weight- change curve. An 

average of each day's weights was plotted against its corresponding 

day of gestation (Figure 7). It was anticipated that the slope of 

this curve for any given day would aid in determining the pregnancy 

status of the experimental animals. 

However, the gestation weight change curve for normal 

hamsters was not duplicated by the Torula yeast diet (Table I) fed 

hamster groups. Much variation occurred among the individual 

members of each group. Within the vitamin E- supplemented group 

/l8 animals) used as controls, were found some individuals who 

gained weight during gestation and bore young. Others maintained 

a steady weight during gestation and bore young. A third series 

of events occurred, during which individuals lost weight throughout 

gestation and bore young. 

Fourteen of the 18 vitamin E- supplemented control hamsters 

successfully completed gestation and produced young. The fact that 

four animals produced no young, and also that only three litters of 

the 14 were of normal size (six to seven pups), may indicate that the 

vitamin E supplement of 25 mg. /kg. was insufficient. The reduced 

litter size was reflected by the small weight increases of the 

pregnant females. The average stock colony female weight- change 

curve (Figure 7) shows an increase of 40 grams during gestation. In 
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contrast, the greatest weight increase shown by a Torula yeast diet 

vitamin E- supplemented hamster during gestation was 22 grams (Figure 

:). There were six young in her litter. With the exception of one 

weight increase of 13 grams, other gestational weight increases 

ranged between six and nine grams. 

One vitamin E- supplemented Torula yeast diet animal maintained 

a constant weight during gestation and produced four young. The 

mating and term weights were 101 grams with an intervening fluctua- 

tion to 98 grams. 

Four of the 13 vitamin E- supplemented Torula yeast diet 

hamsters lost weight steadily during gestation. The first lost 

six grams and produced two young, the second lost seven grams and 

produced three young, and the third and fourth hamsters produced no 

young after losing nine and twelve grams respectively. None of the 

18 animals in this group showed a rapid weight loss that might 

indicate the time of resorption. The average vitamin E- supplemented 

hamster slowly increased in weight during gestation (Figure 8). This 

gradual increase may have been the result of two weight changes 

masking one another (Urner, 1931). file first weight change is 

caused by the growth of viable fetuses with their associated 

tissues, and mammary gland development. The second change, a loss 

in weight by resorption of expired fetuses with associated tissues, 

counteracts expected weight increases. It is assumed that an 

increase in vitamin E supplementation approaching levels used 

by Gerber al. for hamsters (1962), and by Cuthbertson (1957) gt 
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for rats and mice, would bring the vitamin E- supplemented hamster 

gestation pattern more near that of the normal animal. 

With few exceptions, the weight changes of the vitamin E- 

deficient pregnant hamsters are of greater magnitude than those of 

the vitamin E- supplemented animals (Figure `:). This fact is most 

apparent during the period of fetal resorption when all the fetuses 

and associated tissues are being reduced. The resorption weight 

loss is not overshadowed by continued weight gain of viable fetuses 

as may be the case for the vitamin E- supplemented hamsters. 

In Figure 9 are shown the average daily weight changes of 

24 pregnant vitamin E- deficient hamsters, and daily weight changes 

for two individuals of this group who represent extremes from the 

average. It should be noted that hamster number 116 had returned 

to her pre- pregnancy weight on the 17th day after mating (Figure ;). 

The loss of 11 grams during the last 24 hours of gestation could 

have been accomplished by complete resorption, by passage of fetal 

and placental remnants, or by a combination of both, as suggested by 

Newton (1935). 

The number of loculi found in these vitamin E- deficient 

animals range from six to thirteen, averaging 8.8 per female. This 

number is less than the 10.5 unborn fetuses per female found in a 

study of 71 normal pregnant hamsters by Purdy and Hillemann (19501). 

Again there are three pathways for weight changes to follow 

during gestation. The pregnant vitamin E- deficient hamsters may 

increase in weight until resorption is fully effective and results 

. 

. 
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in a sudden weight loss. The most dramatic was a loss of 21 grams in 

three days. Other vitamin E- deficient hamsters maintained a fairly 

constant weight during gestation, while a few decreased in weight 

from the beginning of pregnancy. Two females who lost weight were 

found to be supporting /or resorbing a total of 17 loculi at 

sacrifice. One hamster, after losing 26 grams in 12 days, was 

supporting eight loculi at sacrifice. 

28 
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INTUSSUSCEPTION: AN UNEXPECTED OCCURRENCE 

Following its first resorption- gestation period, a Torula 

yeast diet (Table I) vitamin E- deficient hamster pied before a 

second mating occurred. This hamster (number 53) had been on the 

Torula yeast diet for 15 weeks and had suddenly lost 51% of its 

body weight during the week preceding death. Examination disclosed 

anal bleeding with the large intestine projecting beyond the anal 

opening. Since then, 17 additional hamsters both male and female, 

on the Torula yeast diet, have been similarily affected. Dissection 

has shown the presence of a progressive or descending intussusception 

(the upper segment invaginating into its adjacent lower segment) 

restricted to the large intestine. In humans, a more common location 

is in the region of the ileo -caecal valve (Anderson, 1948, p. 830). 

The gross appearance of the intussusception is one of a 

telescoping of adjacent portions of the gut. The segment of the 

gut which is telescoped into the lumen of its adjacent segment is 

called the intussusceptum. The segment of the gut being invaginated 

and thus surrounding the intussusceptum is called the intussuscipiens. 

Although in humans 71% of the cases occur in infants of less 

than one year (Anderson, 1948, p. 830), observed intussusception in 

the hamster has been evenly spread over ages ranging from seven to 

fifty weeks. Only two hamsters have been afflicted at the seven 

and eight week age, at which hamsters are considered as young 

adults capable of reproduction. 

Unlike the ileum -colon intussusception in the human, the 

29 
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observed large intestine intussusceptions in the hamster have all 

been characterized by the intussusceptum projecting as much as 28 

centimeters beyond the anus before death occurs. At this stage the 

large intestine, normally quite long and convoluted in the hamster, 

is shortened by its telescoping action and follows a nearly straight 

pathway from the caecum to the anus. The projecting intussusceptum 

is everted and folded back upon itself so that the intestinal mucosa 

forms at once the outer covering of the projection and the inner 

intestinal mucosa. Sandwiched between the normal and everted 

mucosal layers are two layers of intestinal serosa in apposition to 

each other. Thus in cross section from the intestinal lumen outward 

are found: (1) lumen, (2) mucosa and serosa in their normal relation, 

(3) a continuation of the abdominal cavity, (4) serosa and mucosa in 

an inverted relation, (5) intestinal lumen, (6) mucosa and serosa in 

the normal position of intestinal wall. 

In children the cause of intussusception is not known even 

though it has been attributed to an inbalance of intestinal contrac- 

tion. In adult humans the condition is associated with a peduncle 

protruding into the intestinal lumen. This mass may be caught in 

the peristalic waves and moved along the intestinal lumen, and pull 

a portion of the gut with it. 

In the hamster, intussusception has not been observed in 

stock colony animals, but only in those animals on the Torula yeast 

diet (Table I) with or without vitamin E and /or selenium supplement. 

The suiden weight loss, averaging 34% body weight, immediately 
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preceding death indicates starvation. It is understandable that an 

animal with an occluded intestine and perhaps a full stomach would 

not eat in view of the other discomforts that must attend. 

Figure 10. Intussusception with everted large intestine projecting 

from anal opening in the hamster (Mesocricetus auratus). 
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GROSS EXAMINATION OF LCCULAR CONTENTS 
IN THE VITAMIN E- DEFICIENT HAMSTER 

Approximate measurements indicate that the growth rate of 

uterine loculi is reduced during the ninth day of gestation in the 

vitamin E- deficient hamster (Table IV). 

Some loculi ceased growing, while others, although slowly 

increasing in size, lagged behind growth of loculi in the stock 

colony animals. The maximum diameter of uterine loculi in the 

vitamin E- deficient hamster was approximately eight millimeters, 

while loculi in the stock colony animals attained diameters of 

12 to 14 millimeters. 

TABLE IV. GROWTH OF UTERINE LOCULI DURING GESTATION OF THE 
VITAMIN E- DEFICIENT HAMSTER. 

Day of 
Gestation 

Limits of Loculus Diameters in Millimeters 

Stock Colony Animals Vitamin E- deficient Animals 

6 3.5 - 4.5 3.5 - 4.5 

7 4.5 - 5.5 4.5 - 5.5 
8 5.0 - 5.5 4.0 - 5.0 

6.0 4.5 - 6.0 

10 7.0 4.5 - 6.5 

11 7.0 - 9.0 3.5 - 7.0 

12 8.5 - 10.0 4.0 - 7.0 
13 10.0 6.0 - 8.0 
14 10.0 5.0 - 8.0 
15 12.0 - 13.0 4.5 - 5.0 
16 12.0 - 14.0 4.0 - 8.0 

An autopsy of animal number 51 which died during the ninth 

day of gestation and after a gain of six grams, presented six loculi 

in the left uterus, each approximately ten millimeters in diameter; 

- 
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there were none in the right. The antimesometrial surface of each 

loculus was discolored. Dissection of each loculus revealed four 

normal -appearing eight -day embryos whose allantoic stalks had not 

yet attached to the Träger- chorionic plate complex. Two abnormal 

embryos were resting in pools cf blood. 

The gestation period of animal number 47 was terminated by 

death on the 16th day. Bleeding had occurred in the vaginal region. 

This animal had gained 21 grams by day 13, and then lost 11 grams 

preceding death. At autopsy there were six loculi in the left 

uterus and four in the right. All loculi were dark purple in color, 

the largest being approximately ten millimeters in diameter and the 

smallest six. Blood was found in the re- established uterine lumen, 

antimesometrially from an examined embryo. Removal of the blood 

exposed an intact visceral yolk sac, identified by a few cord -like 

villi and convolutions, normally present in great numbers. The 

visceral yolk sac in turn enclosed the amniotic membrane and an 

embryo of eight or nine days in development. 

Animal number 111 was sacrificed after eleven days and five 

hours of gestation. Its weight gain was ten grams. Three loculi 

were found in one uterus and six in the other. Three loculi of 

equal size were dissected and examined. The first contained a 

well -developed embryo with anterior and posterior limbs, and a tail 

bud, corresponding to the 11 -day age description by Boyer (1953). 

The second loculus contained a smaller, bean -shaped embryo lacking 

limb buds, and the third loculus contained a formless disintegrating 
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embryo, approximately one millimeter in diameter. 
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HISTOLOGICAL DESCRIPTION OF THE PLACENTA 
FOR DAYS SIX THROUGH SIXTEEN 

At , Completion of Six Days, 

Animal number 91 had gained nine grams during a gestation 

period of six days and eight hours. Four loculi were found in one 

uterus and three in the other. All All seven of the implantation sites 

along with the contained embryos appeared normal. 

The embryos themselves were in various stages of development. 

The least -developed appeared as a hollow sphere whose wall of dif- 

ferentiating trophoblast cells was perhaps two or three cells in 

thickness, capped at the mesometrial facing pole by a dome -shaped 

placental cone. The most advanced embryo was at the head -fold stage 

(Figures 13 and 14). Amniotic infoldings were forming a ring -shaped 

extra -embryonic coelom and the amnio- chcrionic canal in the embryonic 

vesicle. As its name implies, this canal briefly connects the 

amniotic cavity and chorionic cyst (false amniotic cavity, ecto- 

placental cavity, epamniotic cavity) during their development. 

Antimesometrially the embryo appeared to be three to five 

cells thick. The innermost layer of cells was ectoderm. A double 

layer of mesoderm overlaid the ectoderm and in turn was surrounded 

by a vitelline sac which was U- shaped in section. This sac was 

enclosed by a columnar epithelium of entoderm along with Reichert's 

membrane. Reichert's membrane, a thin eosin -Y staining basement 

membrane, produced by trophoblastic giant cells, continued meso- 

metrially parallel with the wall of the embryonic vesicle until it 
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was lost and could not be distinctly traced around or through the 

dome -shaped placental cone. 

The trophoderm which forms the embryonic vesicle wall between 

the amniotic folds and the placental cone was three cells in thick- 

ness. These cells reduced in height from a columnar to a cuboidal 

type as they approached the placental cone. 

Trophoblastic giant cells were invading the uterine endometrium 

in all directions from the embryonic vesicle, leaving in their wake 

the previously mentioned eichert's membrane, along with eroded 

uterine tissue as evidence of the implantation reaction. 

Implantation was complete with only a remnant of the uterine 

lumen remaining at some distance from the embryonic vesicle. The 

uterine lumen was almost filled with maternal leucocytes and erythro- 

plasts. Only small groups of eroding epithelial cells remained on 

the mesometrial side of the lumen. 

Maternal blood sinuses containing debris from uterine epithe- 

lium erosion were adjacent to the placental cone. Other blood 

sinuses were aligned between the uterine lumen remnant and the 

embryonic vesicle. Although there were more of these sinuses in 

the decidua basalis than in the decidua capsularis, the basalis had 

a more dense, less vacuolated appearance than did the capsularis in 

the proximity of the embryonic vesicle. 

Numerous maternal blood vessels were seen in both the meso- 

metrium and just inside the serosal layer. Some of these vessels 

would become the pathway for blood circulation to the allantoic 
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placenta (Hillemann and Adams, 1952; Adams and Hillemann, 1953) and 

have been described in their function as the "vascular knot" (Orsini, 

1957). 

Animal number 137 had gained only four grams during a gesta- 

tion period of six days and four hours. Six loculi were found in 

one uterus and seven in the other. Five of these loculi contained 

normal appearing embryos, six loculi contained abnormal, eroded 

appearing embryos, and two loculi contained empty implantation sites. 

In general, the abnormal appearing embryos were small spheres 

of cells in an arrested state of development. The uterine epithelium 

surrounding the implantation site may be completely eroded away, or 

partially eroded away, or not eroded at all. Correspondingly, tropho- 

blastic giant cells were profuse, or few in number, or only an 

occasional giant cell was present. Maternal blood may or may not 

be present in the uterine lumen (Figure 15). 

The vacant implantation sites had partially eroded uterine 

epithelium, contained maternal blood, and an occasional trophoblastic 

giant cell. 

At Completion of Seven Days 

Animal number 96 had gained two grams and then lost this 

amount during a gestation period of seven days and eight hours. 

The uteri were generally enlarged with local discolorations, but 

there were no definite locular swellings. Serial sectioning and 

histological examination presented non- pregnant uteri with both 

lumen and epithelium throughout. 
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Animal number 99 had gained six grams during a gestation 

period of seven days and six hours. Three loculi were found in 

each uterus. Four of these loculi contained normal appearing 

embryos and two implantation sites were vacated. 

At maximum development the amniotic folds were fused at the 

center of the embryonic vesicle. Thus formed and listed in order 

from the embryo to the placental cone are: the amniotic cavity and 

amnion, the extra embryonic coelom, the floor of the chorionic cyst 

and, the chorionic cyst. The placental cone was dome -shaped and 

the visceral yolk sac entodermal cells had lost their columnar 

appearance. Surrounding the embryo and within the implantation 

site were Reichert's membrane and migrating trophoblastic giant 

cells (Figure lb). 

Degenerating uterine epithelial cells were present on the 

mesometrial side of the lumen. The uterine lumen and implantation 

chamber were connected with one another, but while the lumen contained 

many leucocytes, very few were present in the maternal blood sinuses 

bathing Reichert's membrane as it surrounded the embryonic vesicle. 

The decidua basalis was more dense appearing than the ca;- 

sularis, with the most dense region adjacent to the mesometrial 

side of the uterine lumen. Peripherally, the stroma located next 

to the muscularis was also of a dense structure along the entire 

circumference of the uterus. Antimesometrially from the uterine 

lumen the stroma was very vacuclated. Cell nuclei in this region 

were widely spaced. 
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Giant cells, although advancing mesometrially from the placental 

cone had not penetrated the decidua basalis. "Sheathed arteries" as 

described by Orsini 
'1954, 

p. 276) were present in the uterine stroma 

near the point cf mesometrial attachment. 

The two vacated implantation chambers were characterized by 

partially eroded uterine epithelium, and the presence of large 

giant cells as well as maternal blood cells within the chamber area. 

Animal number 66 had gained four grams during a gestation 

perlod of seven days and six hours. Five loculi were found in the 

right uterus and none in the left. Three of these loculi contained 

normal appearing embryos and two had vacated. This animal was 

pregnant for the second time, no viable young having been born 

from the first pregnancy. 

The three embryos had reached the amnion formation stage, 

with the amnion composed of a double celled layer cf ectoderm and 

somatic mesoderm. There were indications that the parietal yolk 

sac was forming adjacent to Reichert's membrane (Figure 17). 

The uterine lumen with completely eroded epithelium and 

containing relatively few leucocytes was found mesometrially from 

the implantation site. Lateral to the embryonic vesicle, and 

located near the muscularis, a segment of uterine lumen with an 

epithelium was reappearing. Graves (1',45) mentioned the uterine 

lumen's reappearance at eight and one -half days. Giant cells were 

confined to the maternal blood sinuses surrounding the embryonic 

vesicle. 
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At Completion of Eight Days 

Animal number 117 had gained seven grams during a gestation 

period of eight days and eight hours. The uteri contained eight 

loculi, six of which were approximately one -half centimeter in 

diameter, and two which were no more than discolored swellings. 

Seven of these loculi contained normal appearing embryos and one 

loculus had vacated. 

The floor plate of the chorionic cyst, with further develop- 

ment, had pushed against the base of the placental cone to form the 

ectoplacenta. Only a small vestige of the chorionic cyst remained 

at the periphery in the form cf a hollow ring structure or canal. 

The chorionic plate and the placental cone comprised the embryo's 

contribution to the allantoic placenta. (The remainder of the 

placenta would be derived from the decidua basalis and be cf 

maternal origin.) 

The mesodermal allantoic stalk, originating at the junction 

of the amnion and the caudal fold of the embryo, had traversed the 

exocoelom (extra embryonic coelom) and adhered to the chorionic 

plate cf the old chorionic cyst. 

Other membranes of embryonic origin were present. The 

visceral yolk sac was a smooth entodermal structure near the 

embryo, but as it approached the allantoic stalk from either side, 

the cells assumed a cuboidal to columnar form. Upon reaching the 

periphery of the ectoplacental cone, the visceral yolk sac was 

deflected along Reichert's membrane and constituted the parietal 
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yolk sac. This structure appeared as a mono -cellular membrane, and 

in cross section the parietal yolk sac nuclei were seen in a single 

strand adhering to the inner surface of Reichert's membrane (Figure 

18). 

In a slightly more advanced embryo of this same pregnancy, 

a thin layer of splanchnic mesoderm extended from the embryo and 

formed an inner layer of the visceral yolk sac. The formation of 

a few blood islands had initiated the vascularization of the visceral 

yolk sac. 

Giant cells were present in the maternal blood sinuses both 

laterally and anti- mescmetrially from the embryo. Only a few giant 

cells were seen in the uterine stroma mesometrially from the 

placental cone. 

The decidua capsularis was decreasing, and was more dense in 

the immediate area of the embryo than it was near the myometrium. 

Animal number 114 had gained six grams during a gestation 

period of eight days and eight hours. Six loculi were found in 

one uterus and two in the other. Six of these loculi contained 

normal appearing embryos, one loculus contained an abnormal, eroded 

appearing embryo, and one site was vacated. 

The placenta was more developed in this animal. Giant cells 

had invaded the uterine stroma mesometrially from the placental 

cone. The allantcic stalk was fused with the ectoplacenta, which 

in turn was thrown into convolutions and contained maternal blood 

lacunae. Splanchnic mesodermal branches from the allantoic stalk 
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had penetrated the ectoplacenta as forerunners of the fetal vascular 

pattern (Figure 19). 

An indication of arrested embryonic growth was present in one 

loculus containing a small, two or three layered, deeply- staining 

ring of cells. Maternal blood with leucocytes, and giant cells 

surrounded this abnormal embryo. Residual fragments of Reichert's 

membrane were also present (Figure 20). 

:fit Completion of Nine Days 

Animal number 139 had lost four grams during a gestation 

period of nine days and four hours. Six loculi were found in one 

uterus and four in the other. Normal appearing embryos were found 

in all ten of the loculi. 

Mesometriall;, the placental cone was permeated by many 

maternal blood sinuses. Giant cells from the Träger were aligned 

across its mesometrial surface. Several large sinuses containing 

maternal leucocytes were located between the decidua basalis and 

the advancing giant cells. Trophoblastic endovascular cells were 

present within the maternal blood vessels of the mesometrium and 

stratum muscularis. 

The splanchnic mesoderm of the allantoic stalk was fused to 

the ectoplacenta. Although the splanchnic mesoderm does not appear 

to penetrate sinuses within the ectoplacenta, a few nucleated fetal 

blood cells were noted in these sinuses, separated from maternal 

blood by ectoplacental tissue. This relation represents the early 

formation of a hemochorial placenta (Figure 21). 
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The region of trophospongium, normally present at this stage 

(.;dams and Hillemann, 1950; Orsini, 1954, p. 276) was not apparent. 

The fetal membranes were clearly defined. The amnion consisted 

of two apposing membranes, the inner one cf ectoderm and the cuter 

one of somatic mesoderm. The visceral yolk sac had two components, 

cuboidal entoderm cells in apposition to an inner splanchnic meso- 

dermal layer. The visceral yolk sac had a smooth outer surface, 

the splanchnic mesodermal inner surface was thrown into occasional 

convolutions to accommodate developing visceral yolk sac blood 

vessels enclosing only a few nucleated fetal blood cells. The 

parietal yolk sac and Reichert's membrane in turn were surrounded 

by maternal blood and giant cells, and formed a pool between 

eichert's membrane and the decidua caosularis. 

Although the amniotic cavity and exoccelom were nearly 

clear, a precipitate containing a few random cells was present 

in the visceral yolk sac cavity (vitelline cavity) of each embryo 

in this pregnancy. The presence of a vitelline cavity fluid was 

not observed in stock colony animals. 

A uterine lumen with epithelium was re- established laterally 

to the embryo. 

Animal number 93 had gained seven grams during a gestation 

period of nine days and eight hours. Five loculi were found in one 

uterus and four in the other. Four loculi contained normal appear- 

ing embryos, while the other five loculi contained embryos in 

various stages cf disintegration. 

K 
, 
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The outlines of an eroding embryo and its internal structures 

were not clear because of cell wall break -down. The neural tube, 

although distinguishable, was not characteristic. The amnion, a 

two layered structure was temporarily thickened. The visceral yolk 

sac was bilaminar, smooth on both surfaces, and had no blood island 

formation. The vitelline cavity contained a precipitate along with 

a few individual cells resembling those of the parietal yolk sac. 

The parietal yolk sac and ..eichert's membrane were both present and 

were circumscribed by a bath of maternal blood and giant cells 

adjacent to the capsularis. 

The decidua capsularis was greatly reduced in thickness and 

highly vacuolated. These vacuoles had no lining (sinuses) and 

contained a precipitate which stained with eosin -Y as did the 

material in the vitelline cavity. In contrast, the exocoelom and 

amniotic cavity were clear. 

The placental structure appears essentially normal. 

Nucleated fetal blood cells may or may not be present in the 

allantoic stalk blood vessels, depending upon the degree of embryo 

erosion. Few, if any fetal blood cells were seen in the heart 

chamber or in any splanchnic mesodermal blood vessels of the most 

disintegrated embryos. 

Giant cells were located mesometrially with reference to 

the Träger, and within the maternal blood pool, and decidua 

capsularis circumscribing the boundary established by Reichert's 

membrane. 
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One special embryo disintegration should be mentioned. The 

embryo was in part identifiable, and in part appeared as a sac of 

precipitate containing giant cells and leucocytes (Figure 23). This 

picture may represent a transitional step in the erosion of a re- 

sorbing embryo from one stage to the next. Antimesometrially the 

parietal yolk sac and .;eichert's membrane were lost. This loss would 

allow the passage of giant cells and maternal leucocytes into the 

exocoelom. Only fragments :f the amnion were present and in an 

unorganized pat ern. 

"Sheathed arteries" were present (Orsini, 1954, p. 276). 

At Completion of Ten Days 

Animal number 113 had gained five grams during a gestation 

period of ten days and eight hours. Eight loculi were found in one 

uterus and one in the other. Seven of these loculi were examined 

histologically and found to contain seven disintegrating embryos. 

These embryos appeared to be no further developed than were 

those of the previous 24 hour period, and displayed a hazy outline 

of both themselves and their structures. A few nucleated fetal 

blood cells were present in the splanchnic mesodermal blood vessels 

of some embryos only. 

A precipitate and occasional unidentified cells were present 

in the visceral yolk sac. The hemochorial labyrinth appeared 

essentially normal in structure, although there were no nucleated 

fetal blood cells present. The trophospongium (along with giant 

cells) was disposed on the mesometrial aspect of the hemochorial 
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placenta. 

No endovascular plasmodial cells were seen in this animal. 

Antimesometrially, the re- established uterine lumen had been 

separating the decidua capsularis from the uterine stroma. 

Animal number 130 had gained six grams during a gestation 

period of ten days and six hours. Five loculi of uniform size 

were found in each uterus. Two loculi contained embryos with 

sharp outlines and showing no evidence of erosion. The other eight 

loculi contained eroding embryos which had lost normal appearance. 

Mesometrially from one of the normal appearing embryos, 

endovascular plasmodial cells were within the lumen of the sheathed 

arteries. Giant cells were aligned in a normal position between 

the decidua basalis and the trophospongium. Maternal sinuses 

containing blood and occasional leucocytes were present in the 

hemochorial labyrinth. Adjacent fetal hemochorial blood vessels 

contained only a few isolated fetal blood cells. 

The visceral yolk sac was becoming convoluted and the inner, 

splanchnic mesodermal membrane was differentiating into visceral 

yolk sac blood vessels containing relatively few nucleated fetal 

blood cells. The vitelline cavity contained a precipitate while 

the exocoelcm and amniotic cavity were free. 

The parietal yolk sac and aeichert's membrane were present 

and continuous. The decidua capsularis was defined by the uterine 

lumen, and enclosed the maternal blood and giant cell bath in 

apposition to Reichert's membrane. 
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The placentae of the eroding embryos were similar to those 

of the normal appearing embryos except for a marked reduction in 

the number of nucleated fetal blood cells in the allantoic blood 

vessels. 

At Completion of Eleven Days 

Animal number 111 had gained ten grams during a gestation 

period of eleven days and five hours. Three loculi were found in 

one uterus and six loculi in the other, one of which was smaller 

than the rest. Three of these loculi were dissected as fresh 

specimens and found to contain one normal appearing embryo and 

two smaller, disintegrating embryos. The other six loculi, pre- 

pared for histological examination, were found to contain abnormal 

eroding embryos. 

The fetal membranes were complete. The amnion remained 

a double membrane. The entire visceral yolk sac was becoming 

convoluted and a few nucleated fetal blood cells were present in 

the developing blood vessels of some embryos only. The amniotic 

cavity and exocoelom were clear, while a precipitate was present 

in the vitelline cavity. The parietal yolk sac and Reichert's 

membrane, bathed by maternal blood containing several giant cells, 

were complete. 

The decidua capsularis, however, contained large clear 

sinuses, and appeared vacuolated, n epithelial lined uterine 

lumen separated the capsularis from the endometrium. 

Only a few fetal blood cells were found in the hemochorial, 



labyrinthine region of the allantoic placenta. In addition, this 

region appeared to be subjected to erosion and contained large 

clear vacuoles near the allantoic stalk attachment (Figure 24). 

The trophospongium was normal in appearance. Giant cells 

formed a boundary between the trophospongium and decidua basalis. 

Endovascular plasmodial cells were present in the sheathed arteries 

of some loculi, but not observed in others. 

Animal number 123 had gained three grams and then lost them 

during a second gestation period of eleven days and six hours. 

Twelve equal sized loculi were found, seven in one uterus and five 

in the other. A thirteenth smaller loculus was identified after 

preparation for histological study. 

Eleven disintegrating embryos were found, and 13 placentae, 

indicating that two embryos had completely lost their identity. 

The visceral yolk sacs in the loculi of this animal contained 

precipitate and isolated cells in their cavities. These visceral 

yolk sacs also lacked blood islands or indications of yolk sac 

blood vessel development. These observations imply that the convolu- 

tions were not lost, but never formed. 

Isolated cells and groups of cells, perhaps maternal leucocytes 

and cellular debris, were seen within the exocoelom of three embryos 

in this pregnancy. The associated amniotic cavities were clear. 

Large vacuoles were noted in the hemochorial labyrinth; this 

fact suggests removal of the chorionic material in anticipation of a 

hemoendothelial labyrinth. 

49 
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In general, the decidua capsularis had become vacuolated. 

No endovascular cells were seen in this group of loculi. 

Animal number 158 had lost 26 grams during a gestation 

period of eleven days and six hours. :,t the time cf sacrifice 

this animal had diarrhea, was ragged in appearance, assumed a 

consistently hunched position, and its locomotion movements were 

slow, appearing to require great effort. Eight small loculi of 

varying sizes found in the uteri contained six eroded embryos or 

embryo remnants. 

Although the parietal yolk sac, Reichert's membrane and the 

smooth visceral yolk sac appeared to be undamaged, precipitate and 

isolated cells were present in all extra -embryonic cavities. 

In the allantoic placentae, some labyrinths were greatly 

vacuolated, and others contained a few nucleated fetal blood cells. 

The trophospongium appeared normal while the decidua basalis in 

some loculi was vacuolated. 

The antimesometrially located uterine lumen was filled with 

a material, yellow in color, perhaps because of the picric acid 

present in the fixing agent. 

At Completion cf Twelve Days 

Animal number lOti had gained 13 grams during a gestation 

period of twelve days and five hours. Each uterus contained six 

loculi of varying sizes, suggesting conditions of non -uniform 

resorption. These loculi contained 12 disintegrating embryos. 
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Embryonic growth apparently was arrested at an age earlier 

than 12 days. Cross sections of neural tubes were recognizable as 

hazy outlines. Other sections through the embryos were seen as a 

syncytium cf darkly staining nuclei without an epidermal border. 

The fetal membranes were complete although a precipitate was 

present in the vitelline cavity. The maternal blood bathing 

teichert's membrane contained an increased number of leucocytes 

and a decreased number of giant cells. 

The labyrinth of the allantcic placenta was vacuolated even 

though some nucleated fetal blood cells were present in this region 

as well as in the few visceral yolk sac blood vessels. 

Endovascular plasmodial cells were absent from the maternal 

blood vessels in the decidua basalis. 

Animal number 90 had gained 11 grams during a gestation 

period of twelve days and five hours. The uteri were enlarged 

and displayed alternating light and dark regions of discoloration. 

No locular swellings were observed but histological examination 

revealed the locations of seven former loculi in which no embryonic 

remnants were found. 

The fetal membranes had all disappeared and the embryonic 

region was filled with maternal blood containing a large number of 

leucocytes. The decidua capsularis, defined by apposing uterine 

lumen and epithelium, contained reduced, dark staining nuclei cf 

giant cells. Previously the giant cells had been almost absent 

from this region. 

- 
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Mesometrially from the maternal blood pool located in the former 

embryonic region were disintegrated vestiges of the labyrinth and tro- 

phospcngium. The decidua basalis was normal appearing and attached to 

the uterine wall, although a faint line of demarcation was present. 

This locular remnant was described as a "bag of cells" by Stanley and 

Soderwall (1956) (Figure 25). The uterine stroma, in its loose arrange- 

ment (Figure 26), resembles that found in the normal post -partum animal. 

In Figure 27 the E- deficient non -pregnant uterine stroma resembles 

closely the more dense stroma characteristic of that in the normal 

animal. Thus the loose arrangement noted does not appear to be related 

to E- deficiency. 

At Completion cf Thirteen Days 

Animal number 134 had gained seven grams and then lost them dur- 

ing a gestation period of thirteen days and nine hours. although there 

were no locular swellings apparent, alternating light and dark areas 

suggesting resorption sites were detected by light transmitted through 

the uteri. Histological examination revealed non -pregnant uteri with 

a lumen, epithelium, and glandular mucosa throughout. 

In a similar manner, animal number 159 had gained 16 grams and 

then lost them during a gestation period of thirteen days and six hours. 

The uteri appeared non -pregnant, indicating complete resorption. 

Animal number 157 had lost 17 grams during a gestation period 

of thirteen days and twelve hours. Eight small loculi were found, 

indicating partial fetal resorption. 

. 
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Animal number 165 had lost 12 grams during a gestation period 

of thirteen days and twelve hours. Two loculi were present in one 

uterus but none were apparent in the other. 

Animal number 172 had lost 23 grams during a gestation period 

of thirteen days and twelve hours. Surprisingly, six loculi were 

found in one uterus and two in the other. 

Animal number 121 had lost four grams during a gestation 

period of thirteen days and eight hours. Five loculi were found 

in one uterus and four in the other. These loculi, cf non -uniform 

size, contained nine disintegrating embryos. 

In the larger loculi, the embryos were developed beyond the 

nine day stage. Even though individual cell walls were disintegrat- 

ing and leaving only hazy outlines of former fetal structures, 

internal organ differentiation was readily recognizable. 

The fetal membranes were complete and the associated cavities 

and exocoelom were clear. The visceral yolk sac was convoluted near 

the allantoic placenta and a few fetal blood cells were within the 

visceral yolk sac vessels. The decidua capsularis was lost in the 

antimesometrial region so that the uterine epithelium was in 

apposition to ;teichert's membrane. The intervening cavity contained 

maternal blood and leucocytes. 

The hemochorial placenta was replaced by a structure resembling 

a hemoendothelial labyrinth. The chorionic blood vessels had lost 

their continuity and fragments of them were generally aligned in an 

allantois- to- iñesohetrium direction (Figure 28), Fetal blood cells 
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in the labyrinth were very few in number, a fact which may indicate 

that the hemcendothelial placenta was not functional. The stage of 

fetal development suggests that the hemochorial labyrinth must have 

been partially successful. 

A partial separation cf tissues defined the labyrinthine- 

trophospongium boundary. Adjacent to this boundary, but confined 

to the labyrinth were a few poorly developed allantoic blood vessels. 

These vessels were indicative of the stage of placental development 

before fetal death and erosion occurred. 

The trophospongium extended almost to the uterine serosa, 

with only a thin layer of decidua basalis separating the two. An 

occasional endovascular plasmodial cell was seen in maternal blood 

vessels of the mesometrium. 

Fetal development was not so far advanced in the smaller 

loculi as in the larger ones cf this pregnancy. The allantoic 

placentae resembled the hemochorial condition. Vacuolation and 

separation at the labyrinthine- trophospongium junction were occurring 

and in one loculus maternal blood occupied this space. 

At Completion of Fourteen 

Animal number 106 had gained four grams and then lost eight 

grams during a gestation period of fourteen days and five hours. 

Ten loculi (five per uterus), each approximately seven millimeters 

in diameter, contained an equal number of disintegrating embryos. 

The labyrinth of the allantoic placenta appears as a group 

of large blood sinuses. The trophospongium enclosed these blood- 

i 

. 
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filled sinuses mesometrially and laterally while remnants of the 

ectoplacenta and /or Reichert's membrane along with the parietal 

yolk sac restricted these blood sinuses on the antimesometrial 

surface (Figure 2y }. 

The trophospongium contained many giant cells. The uterine 

lumen extended to separate the thin decidua basalis from the rest 

of the uterine wall, and the uterine epithelium was proliferating 

into the newly created space. Only fragments composed of dis- 

integrating cells represented the visceral yolk sac. The parietal 

yolk sac and Reichert's membrane completely encircled the fetal . 

chamber, filled with a precipitate. 

In an adjacent loculus, further erosion was apparent where 

maternal blood lacunae were dispersed throughout the disintegrating 

trophospongium, 

Animal number 136 had gained ten grams and then lost seven 

grams during a gestation period of fourteen days and six hours. 

Ten loculi of varying sizes were found in the uteri, five of which 

contained disintegrating remnants of embryos. 

The labyrinth, trophospongium, visceral yolk sac fragments, 

parietal ,yolk sac, and Reichert's membrane in these loculi appeared 

very much the same as they do in the normal 14th day picture. 

At Completion of Fifteen Days 

Animal number 110 had gained 13 grams and then lost 15 grams 

during a gestation period of fifteen days and four hours. At the 
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time of sacrifice, this animal was experiencing difficulties in 

locomotion and appeared to be hypersensitive to external stimuli. 

Ten assorted small loculi were found in the uteri with only 

one containing a disintegrating embryo. 

The labyrinth of the allantoic placenta had been replaced by 

maternal blood pools containing leucocytes and other larger cells, 

which are perhaps giant cells and chorionic cells undergoing 

disintegration. The trophospongium region was recognizable although 

highly vacuolated and was invaded by large maternai blood lacunae. 

The decidua basalis was very much reduced and a line of demarcation 

(in section) separated the decidua basalis from the stroma. This 

line of cells with deep staining nuclei outlined the location of 

the new uterine lumen. A structure resembling Reichert's membrane 

and an adjacent string of small nuclei reminiscent of the parietal 

yolk sac was seen to course along the fetal surface of the eroding 

placenta. 

In the region formerly occupied by the fetus and associated 

membranes, was found a precipitate (Figure 30). This material, 

having no affinity for either hematoxylin or eosin, contained 

cellular debris resembling fragments of a disintegrating visceral 

yolk sac. 

The vestige of Reichert's membrane was readily traced to the 

antimesometrial side of the uterus, where it became lost in the non- 

staining precipitate. 

In several loculi the volume encompassed by the parietal yolk 
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sac and Reichert's membrane is composed of maternal blood and its non- 

staining precipitate, separate but blending where they meet. Thus the 

"gel" may be a derivative of maternal blood. Reichert's membrane and 

parietal yolk sac were both complete in this loculus, in contrast to 

their disappearance (antimesometrially) during day 14 in the normal 

animal (Adams and Hillemann, 1950). 

Animal number 120 had gained ten grams and then lost two 

grams during a gestation period of fifteen days and four hours. 

One soft loculus was found in each slightly enlarged uterus. How- 

ever, histological examination revealed six loculi, two of which 

contained eroded embryos. 

In the two larger loculi, giant cells appeared to be restricted 

to the vacuolated trophospongium and maternal blood pools, at the 

periphery of the allantoic placenta. The re- uterine 

lumen contained the previously mentioned non -staining precipitate. 

The smaller loculi were nearly filled by a projection of 

decidua basalis capped antimesometrially by maternal blood 

(identified by leucocytes and red blood cells) (Figure 31), A few 

giant cells were also present in this region. A deep -staining line 

of demarcation identified the decidua basalis myometrial junction. 

This blood -capped decidua basalis suggests a final step in 

resorption, in which the "clot phase" (Stanley and Soderwall, 1964) 

is omitted. The pedestal of decidua basalis is not foreign to the 

uterus and could regress as the relatively small amounts of blood 

and giant cells are autolyzed: 
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¡vt Completion of Sixteen Days 

Animal number 116 had gained 21 grams and then lost them 

during a gestation period of sixteen days and five hours. Six 

loculi were found in the left uterus and one in the right. Histo- 

logical examination revealed one additional loculus. Three of 

these eight loculi contained disintegrating embryos. 

Several stages cf locular disintegration were present. The 

largest loculus, whose contents were the least eroded, contained an 

embryo remnant. Its appearance was one of a mass of deeply staining 

cell nuclei, vaguely oriented in positions of former internal 

embryonic structures. Even though a visceral yolk sac remnant was 

present, the former embryonic cavities were filled with maternal 

blood, including leucocytes. The parietal yolk sac and eichert's 

membrane were not seen antimesometriall;, although a barrier of 

some type had restricted the giant cells to their normal position 

in which they circumscribe the embryonic area in a pool of maternal 

blood. 

The labyrinth of the allantoic placenta could be described 

as a pool of blood containing unoriented cellular debris. It was 

bounded on the aotïmesometrïel surface by remnants of the allantois. 

The trophospongium was recognizable only because of its location 

and the presence of giant cells. The giant cells themselves were 

noticeably smaller in size (Figure 32). 

The contents of the smaller loculi are best described as 

being in the "bag -of- cells" stage. 
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Animal number 112 had gained 11 grams and then lost 29 grams 

during a gestation period of sixteen days and five hours. Thirteen 

dark blue loculi were found in the uteri. The contents of one 

loculus, located next to the vaginal end of the uterus, may have 

entered the birth canal. Twelve loculi were examined and found 

to contain remnants cf seven eroding embryos. 

The twelve disintegrating allantoic placentae all had a 

recognizable trophospongium. The extent of labyrinthine erosion 

appeared to be related to the condition cf the trophospongium. The 

least -eroded labyrinths showed some structural orientation, while 

the others were represented by pools of maternal blood. 

The parietal yolk sac and Reichert's membrane were present 

in the antimesometrial region of only two loculi. Fragments cf the 

visceral yolk sac were more frequently present (in the blood- filled 

fetal cavity). Many giant cells, particularly those within the 

trophospongium, were of smaller size and had deep -staining and 

triangle -shaped nuclei. 

One endovascular plasmodial cell was seen in a mesometrial 

blood vessel of the largest loculus in this group. 

Several questions concerning the sequence of events resulting 

in fetal and placental resorption in the vitamin E- deficient golden 

hamster have been answered by this investigation. 

It is important to note that the embryo begins to erode before 
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the placenta does. It is also important to note that there is an 

arrested development of splanchnic mesoderm in the vitamin E- 

deficient embryo. This absence of splanchnic mesoderm results in 

a malformation of fetal blood cells and blood vessels. Thus, during 

the ninth day of gestation, when normally there are allantoic blood 

vessels penetrating the ectoplacenta (Adams, 1950, p. 9), the vitamin 

E- deficient hamster is unable to establish the hemochorial placenta 

necessary for further nutrition, gaseous exchange, and continued 

growth. Vascularizaticn of the yolk sac is also curtailed, eliminat- 

ing this source of fetal nutrition. With one observed exception, 

maximum embryo development corresponds to that of approximately 

nine days. 

In contrast to the above observations, the ectodermal germ 

layer was not similarly affected. Its derivatives in the allantoic 

placenta appeared to be functional beyond the death of the embryo. 

Even though ectodermal cells of the chorionic plate forming the 

hemochorial placenta, and those of the Träger forming the tropho- 

spongium, were within a strictly maternal environment, a vitamin E- 

deficiency nevertheless prevailed. 

Other than a lack of fetal blood cells in the hemochorial 

labyrinth, the first indication of degeneration in the allantoic 

placenta appeared during day twelve. In the normal hamster, the 

hemoendothelial labyrinth appears at this age (Adams, 1950, p. 16) 

but in the vitamin E- deficient hamster, no allantoic blood vessels 

(of splanchnic mesodermal origin) were present. Thus removal cf 
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the ectodermal derivatives left only a pool of maternal blood in the 

labyrinthine region. 

The first step in allantoic placental disintegration corres- 

ponds with the break in the average daily maternal weight curve of 

Figure 9. 

The entodermal and ectodermal derivatives in the fetal 

membranes and allantoic placenta were functioning in as nearly 

normal a manner as possible during the complete absence or early 

disintegration of the splanchnic mesodermal derivatives. Because 

of this fact, the order in which further degeneration stages occur 

is vague. However, vacuclation of the trophospongium and infiltration 

of maternal blood into the lacunae, initiated erosion in this region. 

Previously, and perhaps when some organization remained in the laby- 

rinth, there occasionally occurred intense vacuolation and separation 

between the labyrinth and trophospongium. 

then trophospongial erosion was nearing completion, the giant 

cells in this region were smaller in size. This erosion was not 

necessarily uniform, since during the time in which one region in 

the trophospongium was being reduced to maternal blood and tissue 

debris, another trophospongial region could still remain almost 

normal in appearance. 

It was apparent that erosion of trophospongium was not 

followed by the immediate separation of this tissue from the 

decidua basalis and with an invasion of uterine epithelium. 

The combined allantoic and ectoplacental remnants form a 
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a barrier to any free passage of maternal blood from the eroded laby- 

rinth to the exocoelom as occurs when trophospongial erosion begins. 

This barrier is broken as trophospongial erosion continues and allows 

maternal blood (containing leucocytes) to enter the exocoelom. 

The amnion is the first fetal membrane to disappear. In 

reference to vitamin E- deficiency, it should be noted that the 

somatic mesodermal layer of the amnion was complete prior to embryo 

erosion. Fragments of the visceral yolk sac were observed in the 

exocoelom until a definite "bag -of- cells" stage was attained. 

The parietal yolk sac and Reichert's membrane were the most 

persistent, even though they are normally lost from the antimeso- 

metrial region during the 14th day. In one loculus, an antimeso- 

metrial barrier preventing giant cell entry into the exocoelom was 

present on the 16th day. Although not pOsitively identified, 

deichert's membrane might be implicated. On the other hand, pre- 

cipitated fluid was first found on day ten in the vitelline cavity, 

normally enclosed by the parietal yolk sac and :eichert's membrane. 

The decidua capsularis was first noticed to be vacuolated 

during the tenth day, with erosion continuing as it does in the 

normal animal. 

A diminished growth rate and reduced litter size suggests 

that 25 mg. u.- tocopherol /kg. of diet is insufficient for the female 

golden hamster. 
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DISCUSSION 

Resorption of ova is one result of vitamin E deficiency in 

the hamster (Loosli, 1963). A comparison between the 8.8 fetuses 

per mother in the vitamin E- deficient group and the 10.5 fetuses 

per normal mother found by Purdy and Hillemann (1950b), may indicate 

some degree of ova resorption in addition to normally occurring pre- 

natal losses. 

Hamilton and Hogan (1944) described a sudden collapse 

approximately two hours before death of the vitamin E- deficient 

hamster. Six out of seven hamsters in the collapsed state recovered 

following treatment with five milligrams of a- tocopherol. During 

the early part of the two hour period, the E- deficient hamster is 

in a state of hyperexcitability, showing unusual activity, lack of 

coordination, jumping, rolling over, biting, and a copious flow of 

saliva. Thereafter the animal loses consciousness and lies in a 

stupor. The hyperexcitable condition was never observed in the 

animals used in this experiment. Slow growth followed by a loss 

in weight preceding death were the most common symptoms. Diminished 

weight gains and occasional weight losses were also described by 

Hamilton and Hogan (1944). 

Weight losses in the Torula yeast vitamin E- deficient 

hamsters usually progressed at a rapid rate preceding death. 

12 -gram loss per week for a period of two or three weeks was 

terminal and the presence of an intussusception reduced the time 

for weight loss to corresponding 24 -hour periods. During the 

A 



64 

weight loss period the hamsters became ragged in appearance and 

occasionally hypersensitive to external stimuli. 

Doubt still exists as to whether the removal of dead embryos 

from the uterus can be properly called resorption, as evidence for 

passage of embryonic material into maternal tissue is lacking 

(Henderson, 1954, p. 89). Although Henderson (1954, p. 109) did 

inject a "marker" suspension into the uterine lumen of a resorbing 

rabbit and found leucocytes transporting the marker into uterine 

tissues at the resorption site, it was only suggested that fetal 

debris could be incorporated in a similar manner. It appears 

probable that many molecular remnants from an autolyzing embryo 

could readily find passage into the uterine tissue at the resorption 

site. Henderson (1954, p. 89) favors the term "retrogression ", as 

the distinction between abortion and resorption depends on the 

completeness of fetal autolysis before the degenerated remaining 

products, if any, are discharged from the uterus. Stanley and 

Soderwall (1964), after upsetting the hormonal balance of the 

pregnant hamster by ovariectomy, suggested that embryo resorption 

may require only 24 hours. By the end of this period, the uterine 

epithelium had been re- established, and only a freely moving clot 

of debris remained in the uterine lumen. This resorption is 

independent of the stage of gestation, a fact indicating that the 

clot and its contained placental debris could be discharged from 

the uterus at any time. In the vitamin E- unbalanced hamster it 

appears that fetal development is arrested usually at eight or nine 
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days, and in one individual the resorption process was almost 

completed after 12 days. In the mouse, fetuses were destroyed 

at 12 to 15 days of gestation, and the placentae remained in the 

uterus until term at which time they were delivered (Newton, 1935). 

Placental survival following fetal death in the rat may be more 

like that in the mouse (Hugget and Pritchard, 1945). Long and 

Parkes (1924) incubated rat and swine fetuses in sterile surround- 

ings and found that autolysis occurred. In vitro, the placenta 

was destroyed by its own proteolytic enzymes, more quickly than 

was the fetus. In vivo, the placenta survived longer than the 

fetus because of its intimate association with maternal tissues. 

Corey (1933, p. 203) considers the fetal membranes as a confining 

barrier to autolytic enzymes from the dissolved fetus, and these 

membranes prevent potential uterine disintegration. Contrary to 

findings of Long and Parkas (1924), Newton (1935), and Huggett and 

Pritchard (1945), Corey described early placental disintegration in 

the maceration process of the dead fetal rat. Urner (1931, p. 182) 

found that during the 15th, 16th, and 17th days of gestation in the 

vitamin E- deficient rat, the necrotic remains of the ectoplacenta 

separated from the uterine wall. The uterine mucosa then covered 

the placental site; this observation is evidence that the placentae 

did not survive until term following fetal death and agrees with 

the time of placental degeneration in the hamster (Stanley and 

Soderwall, 1964). 

Fortuyn (1920, p. 354) lists the order of disappearance of 
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fetal membranes following fetal death in the mouse. Connective 

tissue of the allantois, and proximal and distal entoderm of the 

yolk sac disintegrate first. Cells cf the ectoplacental cone, 

including the labyrinth, disintegrate next. qeichert's membrane, 

and finally the giant cells of trophoblast origin disappear, and 

at this time eosinophilic phagocytes remove the decidual tissue. 

Fortuyn (1920) did not mention uterine discharge of clotted remnants 

in the mouse, and his description provides a picture of complete 

resorption. 

Gross observations of the Torula yeast diet (Table I) 

vitamin E- deficient hamsters have not answered the question concern- 

ing the time cf placental delivery. One animal, number 126, which 

died on the 17th day of gestation appeared to have "clot stage" 

remnants as described by Stanley and Soderwall (1964) in small 

locular bulges of the uteri. At the time cf death the clots had 

not yet been discharged from the uterus. Two other hamsters, 

numbers 112 and 116, both sacrificed on the 17th day cf gestation 

had by then lost all of their gestational weight increase. A 

of these weight losses occurred at the expense of the bodies of 

the mothers themselves since each mother was carrying degenerating 

young at the time of sacrifice. Seven and thirteen resorbing 

loculi were present in the uteri of hamsters numbered 116 and 112 

respectively. One dark blue mass of tissue was found adjacent to 

the birth canal of hamster number 112. This observation may 

indicate that expulsion, and not complete resorption, occurs at 

part 
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term or after. 

It is understandable that mechanical agitation of disintegrating 

embryos and associated tissues might hasten the resorption process. 

After observing eroded antimesometrial epithelium in the rabbit 

uterus, Henderson (1954, p. 108) said, "Uterine contractibility is 

no doubt an important factor in promoting disintegration as well as 

expulsion." Stanely and Soderwall (1964) suggested that as a result 

of strong uterine contractions, fragments of healthy uterine epithe- 

lium became mixed with cellular debris arising from the disintegration 

process. 

On the other hand, Frazer (1955a) released rat fetuses into 

the peritoneal cavity of both ovariectomized and control animals, 

and found that 50 percent of the animals in each group died even 

though they were not subjected to contraction of uterine muscle. 

A loss cf muscle tone seemed to be characteristic of the 

vitamin E- deficient hamster uterus, and may account for the 

presence of uterine epithelium in the advanced stages of 

resorption. 

Although every vitamin E- deficient hamster examined in this 

investigation was found to be resorbing, differing rates and extents 

of resorption suggest that the vitamin E deficiency was not uniform 

from animal to animal. The range is illustrated by stages from 

almost complete resorption on day 12 in one individual, to the 

presence of fetal remnants following day 16 in another. These 

differences in fetal development are probably dependent upon stores 
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of vitamin E persisting from the weanling stage. 

Since the splanchnic mesoderm is affected, a comparison of 

blood cell and blood vessel development for a given day of gesta- 

tion might be used as a biological measurement for vitamin E. 

Urner (l931, p. 181) hinted at the dependency of splanchnic 

mesoderm on vitamin E in rats when he said, "The yolk sac showed a 

few small blood islands ", and "Control animals examined on this day 

showed more advanced development in that the inferior layer 
of the 

ectoplacenta (with which the allantois had fused) was penetrated 

by mesodermal buds containing fetal blood cells; thus the establish- 

ment of circulation between mother and embryo had taken place." 

Szontagh and Szabo (1957) reported that there was no erosion 

of placental blood vessels at term in the pregnant rat when supple- 

mented with 10 mg. w- tocopherol daily during the second half of 

gestation. 

As comparative information, Adamstone (1931) found that 

embryos failed to develop in eggs from vitamin E- deficient hens 

because of a malformation affecting the circulatory .system: 

Rapid cell proliferation from mesoderm formed a ring which 

constricted the blood vessels of the blastoderm. Embryonic 

death resulted from hemorrhage. 

The histological sequence of events leading to embryonic 

death during the ninth day, followed by initiation of placental 

labyrinth degeneration during the 12th day, are substantiated by 

corresponding weight changes in the mother. The loss of eight or 
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nine embryos weighing 0.0024 gram each (Purdy and Hillemann, 1950d) 

was not noticeable in daily weight changes of the mother. But 

placental and uterine weight increases of 0.32 gram per loculus 

(Purdy and Hillemann, 1950c) while development continued between 

the completion of eight and twelve days affected the daily weight 

changes of the mother (Figure 9). From this stage, maternal weight 

losses with corresponding placental disintegrations were observed. 
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SUMMARY 

1. Golden hamsters (Mesocricetus auratus) were raised from 

weaning on a Torula yeast- synthetic diet with and without a- 

tocopherol supplementation: Weight records indicated that the 

u- tocopherol supplemented animals grew more rapidly during the 

first six weeks than did the deficient animals. At mating the 

surviving deficient animals were slightly heavier than the sup- 

plemented animals. 

2. Both groups of animals were mated, and daily weight 

records during gestation did not follow the weight gains made by 

pregnant stock colony animals. No young were born to animals cf 

the vitamin E- deficient group, and litters of reduced size were 

born to the vitamin E- supplemented control group. This suggests 

that the u- tocopherol supplement of 25 mg. /kg. diet was 

insufficient. 

3. Pregnant vitamin E- deficient animals were sacrificed at 

24 -hour periods to include days six through sixteen of gestation. 

Gross and histological examinations were made of the embryos and 

placentae. 

4. Normal embryonic development occurred through day eight. 

Embryo death with subsequent erosion began during day nine. 

5. Embryo death was attributed to an arrested development 

of the splanchnic mesoderm with subsequent reduction in blood cell 

volume, coupled with malformation of the allantoic blood vessels. 

This restriction on embryo nutrition resulted in starvation. 
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6. Ectodermal derivatives of the embryo continued to form 

placenta through the 12th day of gestation. At this stage the ecto- 

placenta is normally invaded by allantoic splanchnic mesodermal 

blood vessels to establish first a transitional hemochorial stage 

to be followed by the establishment of the hemoendothelial condition 

through the progressive loss of the ectoplacental cells. Failure in 

the formation of a labyrinth allowed maternal blood to invade this 

region and initiated placental erosion. A corresponding weight loss 

of the mother occurs at this stage. 

7. The Trager, of ectodermal origin, continued its function 

of trophospongium formation during the disintegration of tissue in 

the presumptive labyrinth area. The giant cells were later of 

smaller size as the trophospongium disintegrated. 

8. Trophospongial disintegration began with the formation 

of lacunae which became filled with maternal blood. 

9. The membranes were lost in the following order: amnion, 

visceral yolk sac, parietal yolk sac, and ::eichert's membrane. 

10. Antimesometrially the uterine lumen with epithelium was 

re- established in a normal manner. The decidua capsularis dis- 

appeared as in the normal animal. 

11. The climax in the disintegration process was marked by 

the presence of a pool of maternal blood containing leucocytes, 

membrane remnants, smaller giant cells, and cellular debris. 

Disappearance of this pool, an increase in the decidua basalis, 

and invasion by uterine epithelium returned the uterus to normal. 
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12. The number and condition of embryos and placentae found in 

each animal for each day of gestation are summarized in the appendix 

(Table VII). 

13. ri progressive (descending) intussusception was found in 

the large intestine of seven to eight percent of the hamsters raised 

on the Torula yeast- synthetic diet. These intussusceptions were 

first discovered when the everted portion of the large intestine 

projected from the anal opening. 
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APPENDIX TABLE I. GROWTH OF VITAMIN E- DEFICIENT FEMALE HAMSTERS 
(MESOCRICETUS AURATUS) FED A TORULA YEAST BASAL 
DIET FROM WEANING. 

Animal 
No. 

Weight, Grams 

Weaning 

6 Weeks 

At Mating 

3 Weeks 4 Weeks 5 Weeks 9 -13 Weeks 

66 44 92 

90 45 40 84 

91 46 65 99 

96 48 48 85 

98 42 60 76 

99 48 57 63 

106 56 50 85 

109 58 68 98 

110 47 57 94 

111 54 54 99 

112 64 78 124 

113 51 54 99 

114 48 53 75 

116 63 71 102 

117 52 41 97 

120 66 78 77 

121 53 62 77 

123 33 

130 42 

134 38 99 

136 39 86 87 

137 36 78 102 

139 51 54 81 

153 32 67 93 

154 46 83 107 

156 44 73 77 

158 45 68 76 

161 29 54 66 

171 48 53 82 

173 47 89 92 

174 46 65 76 

175 50 96 109 

Averages 42.9 53.6 54.6 64.4 89.0 

OINMIO 

- 

- 
-- - 
- 
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APPENDIX TABLE II. GROWTH OF VITAMIN E- SUPPLEMENTED* FEMALE HAMSTERS 
(MESOCRICETUS AURATUS) FED A TORULA YEAST BASAL 
DIET FROM WEANING. 

Animal 
No. 

Weight, Grams 

Weaning 

6 Weeks 

At Mating 

3 Weeks 9 -12 Weeks 

76 39 73 89 

77 34 72 85 
78 40 80 103 
79 40 83 113 
80 35 63 71 

81 39 77 97 
82 34 70 85 
83 34 63 80 
84 37 78 96 
85 39 62 73 

86 37 52 63 
87 38 80 101 

197 33 68 91 

198 37 70 72 

199 41 68 69 

200 38 64 66 
205 38 73 79 
206 36 61 72 

Averages 37.4 69.8 83.6 

* Twenty -five mg. u- tocopherol acetate /kg. diet. 



85 

APPENDIX TABLE III. DAILY WEIGHT IN GRAMS OF STOCK COLONY HAMSTERS 
(MESOCRICETUS AURATUS) DURING GESTATION. 

Animal 
No. 

Age 
Mated 
Weeks 

Day of Gestation 

1 2 3 4 5 6 7 8 9 

12 28 99 101 101 102 100 102 101 102 107 
18 27 97 100 98 100 102 106 106 110 113 
19 27 102 106 105 106 107 106 106 106 110 
28 25 89 91 95 97 101 103 102 106 106 
29 25 95 98 100 100 102 102 102 104 106 
31 20 93 94 94 96 98 97 99 98 102 
32 19 118 116 121 121 124 123 125 129 130 
33 19 98 93 86 93 97 97 98 102 103 
37 15 79 79 79 80 81 82 84 85 90 
38 14 83 86 85 85 86 87 89 91 96 
39 14 82 83 84 83 84 84 88 88 92 
41 14 92 95 95 96 94 96 99 100 105 
42 14 86 91 89 89 89 91 93 95 101 
43 14 93 95 95 96 95 95 97 98 100 

Averages 93.3 94.9 94.8 96.0 97.1 97.9 99.2 101.0 104.4 

Age 
Day Gestation Total 

Animal Mated of 
No. of 

10 11 12 13 14 15 16 No. Weeks Young 

12 28 111 115 118 122 128 134 140 4 
18 27 115 119 120 121 128 132 Young 8 
19 27 114 116 120 121 126 132 135 8 
28 25 110 112 114 117 122 126 123 - 
29 25 110 116 123 125 132 132 137 5 
31 20 106 111 115 120 124 126 132 8 
32 19 136 140 144 145 150 155 154 8 
33 19 106 111 117 122 124 132 136 9 
37 15 94 98 102 103 110 117 Young 8 
38 14 100 103 105 108 114 118 122 8 
39 14 96 101 104 108 113 118 123 8 
41 14 111 114 117 119 125 130 Young 8 
42 14 105 110 112 115 122 126 Young 8 
43 14 106 111 111 118 126 130 Young 8 

Averages 108.6 112.6 115.9 118.9 124.6 129.1 133.6 

' 

; 
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APPENDIX TABLE IV. DAILY WEIGHT IN GRAMS DURING GESTATION OF VITAMIN 
E- DEFICIENT HAMSTERS (MESOCRICETUS AURATUS) FED A 
TORULA YEAST BASAL DIET FROM WEANING. 

Animal 
No. 

Age 
Mated 
Weeks 

Day of Gestation 

1 2 3 4 5 6 7 8 9 

47 13 79 81 80 83 81 84 84 85 86 
48 12 88 91 91 92 95 99 99 101 98 
49 12 77 76 76 76 79 77 77 79 79 
50 13 107 108 108 110 112 112 113 111 112 
52 15 95 95 96 97 98 99 100 100 102 
54 9 85 87 90 92 92 94 95 93 94 
56 9 81 82 84 86 87 88 91 92 92 
57 10 91 93 95 96 98 100 102 103 106 
59 9 79 80 81 81 82 85 84 82 81 
60 9 81 82 84 34 85 88 87 86 88 
62 .9 82 83 84 86 86 86 89 89 90 
63 10 92 96 96 97 96 98 96 99 99 
64 10 90 92 94 95 94 96 96 96 98 
65 9 92 94 97 97 102 104 106 107 110 
66 9 92 92 91 93 93 92 93 93 92 
67 9 86 87 87 86 86 85 86 85 85 
68 9 77 77 77 79 78 78 79 77 77 
71 9 97 98 95 95 96 95 95 95 96 
72 8 82 84 84 87 88 89 91 92 91 
74 8 96 97 96 99 101 103 104 106 108 

112 13 124 125 126 128 129 130 130 131 133 
116 12 102 105 106 107 106 105 106 106 110 
110 12 94 96 95 95 96 97 96 98 99 
120 12 77 77 72 73 76 75 76 78 80 

Averages 89.4 90.3 91.2 92.3 93.2 94.1 94.8 95.2 96.1 

(Continued) 

. 

T 
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APPENDIX TABLE IV. 
(Continued) 

DAILY WEIGHT IN GRAMS 
E- DEFICIENT HAMSTERS 
TORULA YEAST BASAL DIET 

DURING GESTATION OF VITAMIN 
(MESOCRICETUS AURATUS) FED A 

FROM WEANING. 

Animal Mated 
Age 

Day of Gestation 

No. Weeks 10 11 12 13 14 15 16 17 

47 13 89 94 97 100 98 93 89 

48 12 98 100 100 98 99 99 102 103 
49 12 81 82 83 84 83 82 80 81 

50 13 113 113 115 112 112 114 116 

52 15 104 108 110 111 110 103 99 

54 9 92 93 92 90 91 90 92 

56 9 95 97 101 102 98 92 83 
57 10 106 107 104 98 92 85 80 
59 9 77 76 75 71 70 69 66 

60 9 88 90 86 83 78 76 78 

62 9 89 90 90 86 87 82 78 
63 10 99 99 103 102 102 104 104 
64 10 100 102 104 105 97 90 82 

65 9 109 112 110 102 95 93 83 
66 9 95 96 98 96 96 96 95 
67 9 85 86 86 84 84 85 87 
68 9 76 79 79 74 72 69 68 
71 9 97 99 101 102 101 102 99 

72 8 94 90 85 82 80 79 78 
74 8 109 112 112 107 101 100 .0 OM 

112 13 133 135 135 132 126 120 113 106 
116 12 115 117 120 120 123 121 113 102 
110 12 101 105 107 106 101 98 92 
120 12 80 83 83 84 86 87 85 

Averages 96.9 98.5 99.0 97.1 95.1 92.9 89.9 

. . 



APPENDIX TABLE V. DAILY WEIGHTS IN GRAMS DURING GESTATION OF VITAMIN 
E- SUPPLEMENTED HAMSTERS (MESOCRICETUS AURATUS) FED 
A TORULA YEAST BASAL DIET FROM WEANING. 

Animal 
No. 

rage 

Mated 
Weeks 

Day cf Gestation 

1 2 3 4 5 6 7 8 9 

76 9 89 90 88 86 82 83 86 85 89 
77 9 85 85 81 82 81 81 82 80 79 
73 10 103 104 102 105 103 104 105 104 106 
79 9 113 115 115 117 118 119 120 119 119 
80 10 71 71 70 71 72 72 74 72 72 
81 9 97 97 98 98 99 100 101 100 102 
82 9 85 86 87 86 86 87 87 87 86 
83 9 80 80 79 79 79 80 80 80 81 
84 9 96 95 95 94 93 94 93 92 94 
85 8 73 73 72 70 69 70 70 70 69 
86 9 63 61 59 59 58 58 58 58 58 
87 9 101 100 1C1 100 101 100 100 100 100 
197 16 91 84 84 89 -- 90 90 -- 91 
198 15 72 -- 68 68 68 68 68 -- 
199 15 69 -- 75 76 76 74 72 -- 74 
200 20 66 66 67 66 66 66 65 64 63 
205 11 79 -- 82 82 83 33 84 -- 85 
206 11 72 76 77 78 -- 80 -- 78 

Averages 83.6 83.6 83.4 83.6 83.4 83.7 84.2 83.6 84.1 

(Continued) 

tà 

-- 

-- 



APPENDIX TABLE V. DAILY WEIGHTS IN GRAMS DURING GESTATION OF VITAMIN 
(Continued) E- SUPPLEMENTED HAMSTERS (MESOCRICETUS AURATUS) FED 

A TORULA YEAST BASAL DIET FROM WEANING. 

Animal 
No. 

Age 

Mated 

Weeks 

Day of Gestation 
Total 

Nc. of 

Young 10 11 12 13 14 15 16 17 

76 9 87 85 90 95 92 95 Young 1 

77 9 80 77 76 78 79 79 Young 2 

78 10 107 105 103 106 109 111 112 Young 3 

799 9 120 122 123 125 124 121 Young 7 

80 10 73 74 76 74 76 78 73 77 0 

81 9 103 103 103 104 103 103 104 Young 2 

82 9 87 89 91 90 92 92 Young 1 

83 9 83 82 83 85 87 88 Young 3 

84 9 94 94 95 99 101 102 Young 2 

85 8 68 65 65 67 66 66 66 52 3 

86 9 56 56 55 55 -- 54 -- 0 

87 9 99 98 99 100 101 101 Young 4 

197 16 -- 93 95 97 97 98 99 Young 4 

198 15 66 61 -- 52 --- 58 60 0 

199 15 76 -- 66 -- 74 73 77 0 

200 20 64 64 65 65 64 65 66 0 

205 11 85 -- 89 -- 91 92 Young 6 

206 11 82 85 87 90 93 94 Young 6 

Averages 84.6 84.2 84.5 85.9 86.6 87.2 87.9 . 
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APPENDIX TABLE VI. THE OCCURRENCE OF PROGRESSIVE 
THE GOLDEN HAMSTER 

INTUSSUSCEPTION IN 
(MESOCRICETUS AURATUS). 

Animal 
No. Sex 

Torula 
Yeast 
Diet 

Max. 

Weight 

Weight 

at 

Death 
Weight 
Loss 

Age at 

Death 

Length 
Intestinal 
Evaaination 

gms. gms. % Weeks +Days cm. 

53 F 206 67 33 51 20 1 

108 F 206 60 48 20 7 1 

80 F pg 206+E 84* 58 31 17 3 1.9 
203 F pg 206+E+Se 94* 50 47 17 5 -- 
205 F 206+E 92 64 30 13 4 -- 
185 F pg 206+E+Se 77* 46 40 19 5 0.7 
207 F pg 206+E+Se 78* 67 14 19 6 
176 F 206+E 83 45 46 25 5 1.3 
16 M 206+Se 109 68 38 50 0 1.0 

231 F 206+2E 65 38 42 8 1 2.5 
220 F pg 206+2E 61* 44 28 11 2 2.8 
44 M 206+E 90 54 40 39 2 2.8 
225 F 206+2E 62 47 24 12 0 1.0 
219 F 206+2E 75 53 29 12 4 -- 
208 F 206+E+Se 91 56 38 29 4 2.5 
59 M 206+E+Se 74 55 26 21 2 1.0 
63 M 206+Se 83 56 33 18 3 1.2 
64 M 206+Se 74 55 26 19 4 1.0 

* Weight at start of pregnancy. 
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APPENDIX TABLE VII. FETAL AND PLACENTAL DISINTEGRATION IN THE VITAMIN E- DEFICIENT HAMSTER 
(MESOCRICETUS AURATUS). 

Animal 
No. 

Day of 
Gestation 
Completed 

Number per Animal Vacant 
Implanta- 
tion Sites 

Normal 
Placentae 

Disinte- 
grating 
Placentae Loculi 

Loculi 
Sectioned 

Normal 
Embryos 

Eroded 
Embryos 

91 

137 

99 
66 

96 

6 

6 

7 

7 

7 

7 

13 
6 

5 

Lumen 

7 7 - - 

13 5 6 

6 4 - 
5 3 - 

throughout enlarged uterus 

- 

2 

2 

2 

- 

- 

- 
- 

- 

- 

- 

- 

114 8 8 8 6 1 1 6 

117 8 8 8 7 - 1 7 - 
98 9 9 9 4 5 1 8 1 

139 9 10 10 10 - - 10 - 
113 10 9 7 - 7 - 7 - 
130 10 10 10 2 8 - 10 - 

111 11 9 6 - 6 - 3 3 

158 11 8 8 - 6 - - 8 

123 11 13 13 - 11 - 6 7 

90 12 0 7 - - 7 - - 
109 12 12 12 - 12 - 5 7 

121 13 9 9 - 9 - - 9 

134 13 Lumen throughout uterus 
106 14 10 10 - 10 - - 10 
136 14 10 10 - 5 - - 10 

110 15 10 9 - 1 - - 8 

120 15 2 6 - 2 - - 2 

116 16 8 8 - 3 - - 1 

112 16 13 12 - 7 - - 12 

- 
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KEY TO ABBREVIATIONS 

e -- entoderm 
R -- Reichert's membrane 

bl -- maternal blood 
C -- giant cell 
db -- decidua basalis 
ep -- ectoplacenta 
a -- allantois 

dc -- decidua capsularis 
em -- embryonic remnants 
t -- trophospongium 
1 -- uterine lumen 
v -- visceral yolk sac 
p -- parietal yolk sac 

la -- labyrinth 
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Figure 12. Progressive intussusception. The large intestine 
extending from the caecum (upper left) has invaginated 
within itself in the abdominal cavity. The intussus- 
ceptum passes through and projects from the anal 
opening. 
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Figure 13. Embryo at age of six days and eight hours. Maternal blood 
sinuses surround the embryo, and are aligned between the 
implantation chamber and eroded uterine lumen. 35 X. 
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Figure 14. Higher magnification of embryo in Figure 13. Amniotic 
infolding is occurring. The entodermal layer surrounds 
the embryonic vesicle except at the mesometrial pole. 
Reichert's membrane separates the embryonic vesicle 
from eroded uterine decidua which contains giant cells 
and maternal leucocytes. 100 X. 
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Figure 15. Embryo at age of six days and four hours whose develop- 
ment is arrested. Maternal leucocytes and several giant 
cells are present in the implantation chamber. 100 X. 

Figure 16. Embryo at age cf seven days and six hours. Fusion of 
the amniotic folds has formed (left to right) the 
amniotic cavity, incomplete exocoelom and chorionic 
cyst. 100 X. 
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Figure 17. Embryo at age of seven days and six hours. Structures 
(left to right) are: embryo, amnion, chorionic plate, 

Träger, and uterine tissue. 100 X. 

Figure 13. Embryo at age of eight days and eight hours. Allantoic 
stalk extends to ectoplacental cone. 35 X. 
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Figure 19. Embryo at age of eight days and eight hours. Allantoic 
stalk is invading she convoluted ecto.lacenta. 35 X. 

Figure 20. Abnormal embryo at age of eight days and eight hours 
appears as a multilayered ring of cells containing 
maternal leucocytes. 430 X. 
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Figure 21. Placental labyrinth of nine days and four hours 
development. Relatively few nucleated fetal blood 
cells are present. 100 X. 

Figure 22. A portion of the hemochorial labyrinth from a normal 
animal on day nine. 516 X. 
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Figure 23. Nine day embryo remnants joined to unidentified 
precipitate containing giant cells. The decidua 
capsularis is vacuolated. 35 X. 

Figure 24. Vacuolated labyrinth after completion of 11 days. 35 X. 
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Figure 25. A "bag of cells" stage after completion of 12 days. 
35 X. 

Figure 26. Loose connective tissue appearance of uterine stroma 
during final stages of resorption after completion of 
day 12. Decidua basalis projects into uterine lumen 
and is capped by maternal blood and cellular debris. 35 X. 
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Figure 27. Non- pregnant - hamster uterus. The stroma appears dense, 
and glands are present. 35 X. 

Figure 28. :abnormal labyrinth after completion of 13 days. 35 X. 
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Figure 29. Maternal b?c,d sinuses occupying disintegrated labyrinth 
after completion of 14 days. 35 X. 

Figure 30. Non- uniform disintegration after completion of day 15. 
Non- staining precipitate fills fetal chamber at lower 
right. 35 X. 
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Figure 31. After 15 days, the decidua basalis, capped by maternal 
blccd, giant cells, and cellular debris, projects into 
the uterine lumen while in an advanced resorption stage. 
35 X. 

Figure 32. Disintegrating embryo, associated membranes, and 
labyrinth, following day 16. 35 X. 
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