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peroxides found in homogenates of their tissues. Perhaps the 

in vivo peroxide values for the tissues from the E (+) females 

could be considered to represent the backgrounds for the TBA. 

reaction. 

Twentieth day of gestation 

While the m vivo and vitro lipid peroxide contents of 

homogenates of livers and uteri from the E (+) females de­

creased slightly between days 10 and 20 of gestation, in­

creases were found in homogenates of corresponding tissues 

from the pellet-fed rats (Table 8). The increases were most 

pronounced in the liver homogenates (3^ percent for the in 

vivo lipid peroxide value and 50 percent for the 3^ vitro 

value). The liver is a good storage depot for vitamin E (7). 

Cheng et aJ. (85) have clearly demonstrated that a normal 

gestation in the rat causes significant -reductions in maternal 

liver and serum vitamin E contents. These workers suggested 

that liver tocopherol is labile and varies directly with the 

increased needs of the rat during gestation. Goldstein and 

McKay (11) have suggested that the lack of the antioxidant 

properties of vitamin E may be felt acutely under the meta­

bolic "stresses" of pregnancy in the rat. The creatine-to-

creatinine ratios determined for the pellet-fed females 

(Table 4) indicated that these rats were moderately creati-

nuric prior to mating. All of these observations taken to­

gether lead to the tentative conclusion that the pellet-fed 
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females were slightly deficient in vitamin E according to the 

criteria used in the present research. Further, the extent of 

this deficiency was decreased during gestation. 

The process of resorption was accompanied by large in­

creases in the amounts of malonaldehyde or precursors thereof 

present in homogenates of livers, placentas, and uteri of the 

E (-) rats (Table 8). The increases were most pronounced in 

the liver where the in vivo and vitro lipid peroxide )val-

.ues are 366 and 988 percent higher than the corresponding val­

ues for the E (+) females, and l68 and 153 percent higher than 

those for the pellet-fed females on the 20th day of gestation. 

Whereas the increases for the placental remains and uteri of 

the E (-) females are not as large as those for the liver, 

they nevertheless are highly significant. It is difficult to 

completely interpret the meaning of the increased lipid 

peroxide content of the tissues from the E (-) females. As 

described in the preceding paragraph, there is. little doubt 

that pregnancy with its predominately anabolic reactions would 

require more antioxidant protection than is normally required 

by the virgin female. Eclampsia of pregnancy has been shown 

to occur during the last 2 or 3 days of gestation in rats fed 

a diet containing oxidized cod liver oil (11). Elevated 

amounts of lipid peroxides were found in the livers and pla­

centas of these females on the 21st day of gestation. Also, 
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the transport of radioactive sodium across the placentas of 

these rats was impaired during the last one-third of gesta­

tion (101). From the results of these experiments, Goldstein 

and co-workers concluded that a state of vitamin E deficiency 

might have been present in their rats and that cellular damage 

might have occurred due to insufficient antioxidant protection 

of vitamin E. Other references to published reports 

describing the toxic effects of lipid peroxides have been 

given in the Review of Literature (6, 109, 110). It is 

interesting to speculate that resorption might represent a 

mechanism of self preservation in the vitamin E-deficient 

rat. Pregnancy could be terminated to prevent the production 

of lethal or damaging amounts of toxic lipid hydroperoxides. 

A second factor involved in the process of resorption 

is the catabolism of fetal and maternal tissues in the return 

to a virgin-like state. Others have found that the destruc­

tion of tissue is associated with release of lysosomal enzymes 

(55» 56) and invasion of the damaged tissue by phagocytic 

cells (139J l40). It is possible that the increased lipid 

peroxide values in the E (-) females on the 20th day of 

gestation might be partially explained by the presence of 

these products of catabolism. That is, the products of lipid 

degradation, if present, might be more easily oxidized than 

is the case for the intact lipid molecule. Tappel (137) has 

presented considerable evidence to show that hematin catal­

yzed, non-enzymatic peroxidation is the primary method of 
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pathological unsaturated fat oxidations in living organisms. 

It would be of interest to induce fetal resorption by some 

method other than vitamin E-deficiency and determine its 

effect on the lipid peroxide contents of the maternal tissues. 

Actual comparisons of the vitamin E content of tissues from 

E (-) females before and after resorption would also be of 

help in answering the questions raised here. 

liL 
In Vivo Incorporation of L-Valine-l-C 

lit 
The intraperitoneal injection of 1 juc of L-valine-l-C 

per 100 gm of body weight represents the introduction of only 

35 juig of L-valine into a 300 gm rat since the specific activ­

ity of the radioactive valine was 9.8 mc/mM. After injection, 

the valine was absorbed into the blood, circulated through 

the body, concentrated to different degrees by the various 

body tissues, and incorporated into protein. One tissue may 

incorporate amino acids into protein situ, whereas another 

tissue might incorporate amino acids into protein which may 

be lost from the tissue. An example of the latter alternative 

might be the synthesis of plasma protein by the liver. 
lix 

Glycine-l-C was used as the radioactive tracer in 

preliminary in vivo incorporation experiments. Since ex­

tremely variable protein specific activities were obtained. 
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the glycine was replaced by the more "inert" L-valine. 

Valine has a small pool size and is not commonly converted 

to other amino acids (l^H). Other workers have reported 

variable incorporation results when radioactive glycine was 

employed as a carrier (10^). 

Tenth day of gestation 

Indications were found that the uterine contents and 

uteri of the E (-) females incorporated more L-valine-l-C^^ 

into their protein than did the corresponding tissues of 

either the pellet-fed or E (+) controls (Table 9)- However, 

the differences were too small to be considered conclusive 

evidence of increased uptake. Urner (135) found pathological 

changes in uteri of vitamin E-deficient rats on the 10th day 

of gestation. The uteri developed a softening of the implan­

tations sites which showed a blue discoloration due to blood 

in the amniotic cavity. Evans et ̂  (80) observed enlarged 

blood sinuses in the decidua subplacentalis and trophoblast 

regions of 10th day placentas from E-deficient rats. Ap­

parently these histopathological changes, assuming they also 

occurred in the E (-) females during the present investigation, 

did not affect the ability of the uterine contents of the 

E (-) females to concentrate L-valine-l-C^^. 

Dinning a2. (1^2) have shown that the leg muscle of 

the dystrophic rabbit incorporates more C-1^ into its protein 
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than does the leg muscle of the vitamin E-deficient rabbit. 

The muscles were excised 4- hours after intraperitoneal injec­

tion of the labeled precursor. Century anâr-Horwitt (70) 
1^ 

found increased uptake of formate-C into skeletal muscle 

nucleic acid of vitamin E-deficient rats at both 2 and 4 hours 

after intraperitoneal injection. This increased synthesis 

of rat muscle nucleic acid resembles that observed for DNA 

in skeletal muscles of dystrophic rabbits (12). Other ex­

amples of increased metabolic activity in tissues from E-

deficient, experimental animals have been reported (73, 75» 

76)." In general, it is agreed that gross pathological changes 

caused by vitamin E-deficiency are associated with increased 

lipid peroxidation, increased lysosomal enzyme activity, and 

increased synthesis of protein and nucleic acid. It is 

conceivable, therefore, that the pathological alterations 

found in embryos, placentas, and uteri of E-deficient rats 

might also be associated with similar metabolic derangements. 

It would be of interest to study lipid peroxidation, lysosomal 

enzyme, and protein and nucleic acid synthesis patterns of 

uteri and embryos of E-deficient rats between days 8 and l4 

of gestation.• 

Twentieth, day of gestation 

The placental tissue residues and uteri of the E (-) 

females showed decreased uptake of L-valine-l-C on the 20th 



104 

day of gestation (Table 10). While the specific activities 

of uterine proteins from the two control groups increased 

between days 10 and 20 of gestation, a decrease was found 

in the case of the E (-) females. Resorption was nearing 

completion in the E (-) females by the 20th day of gestation, 

and they were returning to a virgin-like state. In contrast'; 

the development of the fetuses in the two groups of control 

females was nearing completion at this time. Therefore, the 

differences in protein synthesis found between the control 

and E (-) tissues can, most s imply, be said to reflect the 

physiological states of these tissues. 

It would be of interest to measure the catheptic activity 

present in the uteri of E (-) females between days 10 and 20 

of gestation. The increased catheptic activity which occurs 

in the uterus of the rat following normal partuition (114) 

might also have occurred following prenatal fetal resorption. 

l4 In Vitro Incorporation of L-Valine-l-C 

Short-term incubations of tissue preparation- under care­

fully controlled environmental conditions is commonly referred 

to as organ maintenance. Experiments of this type are 

especially useful when the results can be compared to data 

obtained in vivo. One decided advantage of the in" vitro 

technique is the ability to study the metabolism of a single 
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tissue per se. Also, the 3^ vitro incubation of tissues allows 

the investigator to differentiate between differences due 

to actual metabolic variation and those due to transport 

and permeability phenomena in the intact animal. Diehl (78) 

emphasized the desirability of using in vitro methods for 

studying protein metabolism in tissues from dystropic rabbits. 

He argued that 3^ vivo investigations could be influenced by 

possible effects of E-deficiency on blood supply and capil­

lary permeability. 

Tenth day of gestation 

Data obtained from these short-term incubations in vitro 

(Table 11) were in good agreement with those found after 

longer-term incubations in vivo (Table 9). That is, indica­

tions that the uterine contents and uteri from E (-) females 

incorporated more radioactive valine into their protein than 

did corresponding tissues from the control rats were found. 

However, the increases were again too small and variable to 

warrant a concrete statement to the effect that elevated 

Incorporation rates are a reality in these tissues. 

In a recent publication, Diehl (1^3) presented evidence 

to indicate that the increased in vivo incorporation of radio­

active glycine into the protein of skeletal muscles from 

dytrophic rabbits might be partly due to increased membrane 

permeability. A given dose of labeled glycine, or other 
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amino acid, might be incorporated faster because it reaches 

the amino acid pool of the cells more rapidly. Diehl incu­

bated diaphragms isolated from E-deficient and control rabbits 

in media containing alpha-aminobutyric acid-l-C^^, a non-

metabolizable amino acid (144). TGA extracts of diapragms 

from E-deficient rabbits contained more alpha-aminobutyric 

acid than extracts of diaphragms from E-sufficient rabbits 

after incubation. These data lead to the tentative conclu­

sion that the increased incorporation of glycine into the 

protein of tissues deficient in vitamin E might be a secondary 

effect representing an attempt to compensate for glycine which 

has "leaked out" of the cells. This conclusion supports the 

hypothesis that lipid peroxidation damage to membranes might 

be the primary cause of the symptoms of vitamin E-deficiency. 

(1). 

Twentieth day of gestation 

The differences found between the vitro L-valine-1-

incorporation data for the E (-) females and those for the 

E (+) and pellet-fed controls were more pronounced on the 20th 

than on the 10th day of gestation (Table 11). Slices of 

livers from the pellet-fed females showed a marked increase 

in radioactive valine incorporation between the 10th and the 

20th days of gestation. Little and Lincoln (104) also found 

l4 increased incorporation of L-valine-l-C into the protein 
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of rat liver slices as pregnancy progressed. These authors 

compared the Incorporation at 6 days of gestation with the 

uptake at l6 days of gestation. While the Incorporation of 

radioactive valine Into the liver slice protein of the E (+) 

females was also greater on gestational day 20 than on day 

10, the Increase of only ^0 cpm/mg protein was slight In 

comparison to the Increase of 194 cpm/mg protein found for the 

pellet-fed rat. The reason for the failure to find a larger 

Increase In the case of the E (+) females Is unclear. Most 

interesting, however, was the observation that the incorpora­

tion of radioactive valine by liver slices from the E (-) 

females not only was significantly lower than either of the • 

two controls on the 20th day of gestation, but was actually 

decreased in comparison to the incorporation found on the 

10th day of gestation. 

The lack of protein biosynthesis in the placental tissue 

residue removed from the uterus of the E (-) females on the 

20th day of gestation (Table 11) was not unexpected since 

these tissues were in an advanced state of resorption. In 

contrast, the placental slices from the two control groups 

incorporated relatively large amounts of radioactive valine. 

Although these control placentas were not increasing in size 

during the last week of gestation (99), a considerable amount 

of transport and biosynthesis was occurring in this vital 

tissue (91)• 
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The data presented in Table 11 also show that uteri of 

the E (-) females were less metabolically active than those 

of either of the two controls as judged by their ability to 

incorporate L-valine-l-C into protein during m vitro 

incubation. The reason for this reduced activity in the 

case of the uteri from E (-) females is possibly that they 

no longer contain developing litters of young and are re­

turning to the less active, nonpregnant state. 

Patterns of the In Vitro Incorporation of 
L-Valine-l-C-L^ with Time 

Three types of tissue preparations were used in these 

in vitro studies; namely, slices, homogenates, and strips. 

All of these preparation methods have been used extensively 

by other investigators (10^, 1^5» 146). It was necessary to 

determine whether the 30 minute incubation period selected for 

the m vitro incubations described previously (Table 11) 

represented an incubation time during which there,was a 

linear pattern of uptake for each type of tissue preparation. 

Since Blackard et (1^7) have suggested that lipid perox­

ides formed during vitro incubations might influence the 

metabolic activity of the tissues being incubated, it also 

was necessary to compare responses of tissues from control 

and E (-) females. Data in Table 8 show that homogenates of 
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tissues from the pellet-fed females produced greater amounts 

of lipid peroxides than did homogenates of tissues from the 

E (+) females. The same data demonstrate that, among the 

tissues studied, the liver produces the greatest amounts of 

lipid peroxides both in vivo and in vitro. Keeping these 

facts in mind, the initial experiments involving the L-

iL 
valine-l-C incorporation patterns were designed. First, 

it was decided to compare the pellet-fed and E (-) females 

rather than the E (+) and E (-) females since any differences 

found between the former two groups due to lipid peroxidation 

damage would most likely be found between the latter two. 

Second, portions of the liver slice incubation media were 

taken for lipid peroxide comparison because it was decided 

that inherent differences would be more apparent here than in 

media used for either uterine content homogenates or uterine 

strips. Third, 15, 30 and 60 minute incubation periods were 

selected to show the pattern followed on either side of the 

30 minute period ûsed in the earlier experiments. 

Almost identical linear incorporation patterns were 

obtained for corresponding tissues from the pellet-fed and 

E (-) rats (Figure 1). It can also be seen that the protein 

specific activity values for the 30 minute incubations (Table 

12) are in good agreement with those found earlier (Table 11) 

for corresponding tissues. In the present experiments, how­

ever, no significant differences were found between the 
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specific activities of protein from uterine contents and 

uteri of E (-) females and those of pellet-fed controls. 

This observation sheds further doubt on the early indications " 

(Tables 9 and 11) that the uterine contents and uteri of the 

E (-) females incorporate increased amounts of radioactive 

valine into their protein. 

Elevated concentrations of malonaldehyde or precursors 

thereof were found in the incubation media used for liver 

slices from the E (-) females (Table 13). Apparently the 

increased lipid peroxide formation did not affect the ability 

of the liver slices to incorporate radioactive valine into 

protein. Blackard ̂  al. (1^7) suggested that lipid perox­

ides formed during in vitro incubations might cause metabolic 

derangements in the tissue preparation being studied. Per­

haps the effects of the increased peroxides would have been 

revealed had the incubations been continued for a longer 

duration. 

It should be emphasized that additional experiments 

would have been undertaken had any of the types of tissue 

preparations failed to show linear incorporation patterns or 

if the patterns for the tissues from E (-) females differed 

from those for the pellet-fed controls. 



Ill 

Effect of Diet and Stage of Gestation on the Protein 
and Nucleic Acid Content of the Tissues 

A study of the protein, EMA, and DNA content of the 

various tissues studied in this investigation was undertaken 

to provide a clearer picture of their composition. 

Wet weights 

Wet weights per se are not very satisfying criteria for 

comparison, especially in the case of friable tissues such 

as uterine contents on the 10th day of gestation. Evapora­

tion of tissue moisture and the presence of adhering, extran­

eous material are probably the two largest sources of error 

in obtaining uniformly comparable weights. Reasonable pre­

cautions were taken during the present investigation to mini­

mize these errors. 

While the livers, uterine contents, and uteri from the 

three dietary groups had approximately equal weights on the 

10th day of gestation, there were drastic reductions in the 

weights of placentas and uteri from the E (-) rats on the 

20th day of gestation (Tables 1^, 15, l6 and 17). Even the 

two positive control groups could be distinguished by differ­

ences in the mean wet weights of their livers on the 20th day 

of gestation. Wet weights of livers from the pellet-fed 

females consistently were greater than the weights of livers 
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from the E (+) females. It has been shown (Table 6) that 

each of the three groups of females gained an average of 

31'to 32 gm during the first 10 days of gestation. Table 6 

also shows that resorption in the E (-) females was assoc­

iated with reduced weight gains during the second 10 days 

of gestation in comparison to the marked increases found 

for the two groups of controls. The pellet-fed females 

gained significantly more weight during the second 10 days 

of gestation than did the E (+) females. Therefore, there 

was a direct correlation between the mean body weights of 

the rats and the mean weights of the tissues studied from 

these rats on both the 10th and 20th days of gestation. 

Protein content 

Most investigators use either the micro-Kjeldahl or the 

bieret procedure to measure the protein content of animal 

tissues. The Lowry method was used in the present investi­

gation because of its greater sensitivity. This increased 

sensitivity was needed to measure the protein content of the 

relatively dilute solutions employed. Fisher and Leathem 

(92) have determined the protein contents of livers, pla­

centas, and uteri isolated from rats sacrificed on the 21st 

day of gestation. They employed the mico-Kjeldahl procedure. 

Results using the Lowry procedure (Table 15) are in good 
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agreement with those of Fisher and Leathem. The two sets of 

data are compared in Table 18. 

No reports have been found In the literature In which 

the protein content of tissues excised from rats on the 10th 

day of gestation are presented. Perhaps the data shown in 

Table 14' are unique in this regard. The livers, uterine 

contents, and uteri of the E (-) females did not differ 

from those of either control in total protein content or in 

mg of protein per gm of tissue wet weight on the 10th day of 

gestation. These data were not unexpected since preceding 

data (Tables 9, 11, and 12) have shown that the tissues of 

the E (-) females are normal in their protein synthesizing 

ability on the 10th day of gestation. 

The protein contents of livers from the three groups of 

females (Table 15) correlate with their wet weights. No 

differences in protein concentration/gm were found for livers 

from the E (-) females in comparison to values for livers from 

either control. However, significant differences were found 

when placental and uterine values were compared. Placental 

tissue residues in uteri of E (-) females were in an advanced 

state of resorption. , While these residues contained much less 

total protein than did normal placentas, their protein con­

centration actually was significantly higher. This observa­

tion can be explained by a marked loss of moisture from the 
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Table 18. A comparison of the protein concentrations of rat 
tissues as determined by two different analytical 
procedures 

Mean protein 
Group concentration 

Tissue of rats mg/gm wet weight Analytical procedure 

Liver Pf 157 Folln 

E (+) O
N

 

+ 9 Folln 

FL 139 + 6 mlcro-Kj eldahl 

Placenta Pf 92 + 10 Folln 

E (+) 89 + 3 Folln 

FL 99 + 2 mlcro-Kj eldahl 

Uterus Pf 86 + 2 Folln 

E (+) 85 + 3 Folln 

FL 86 + 3 mlcro-Kj eldahl 

Pf (pellet-fed) and E (+) females studied In the 
present Investigation (Table 15); PL (Fisher and Leathem) 
studied on 21st day of gestation (92). 

Ŝample mean + standard error. 

resorbing placental material. The same trend was found for 

uteri from the E (-) females. That Is, while the mean protein 

content of the uterus was decreased In comparison to control 

values, Its mean protein concentration Increased. Imbibition 

of water Into the rat uterus Is known to occur during preg­
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nancy (l48). Assuming this imbibition does not occur in the 

uterus of the resorbing female, the increased protein con­

centration of this tissue could be explained by differences 

in moisture content. 

Nucleic acid content 

The mean HNA and DNA contents and concentrations found 

in the liver, uterine contents, and uterus were comparable in 

all groups on the 10th day of gestation (Table l6), The 

magnitude of the DNA and RNA values found for the livers are 

in good agreement with previously published results (149). 

To the knowledge of the present investigator, the ENA and 

DNA values for the uterine contents and uterus are without 

precedent in the published literature. 

Interesting results were obtained from the measurement 

of the ENA and DNA contents of livers, placentas, and uteri 

from the three groups of females on the 20th day of gestation 

(Table 1?). In the case of the livers, the increases in wet 

weight between days 10 and 20 of gestation were associated 

with increases in ENA content, but total liver DNA content 

decreased in all three groups during the same period. The 

reason for this slight reduction in DNA content is not known. 

Other workers have found stationary or even slightly increased 

levels of liver DNA during gestation in the rat (97). An 

increase of 2k percent was found in the ENA concentration of 
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the liver of the pellet-fed females between days 10 and 20 

of gestation; while a corresponding- increase of 12 percent 

was found for the E (+) females. A more nominal increase 

(6 percent) was found in the liver of the E (-) group. 

Campbell and Kosterlitz (105) have reported the presence of 

"excess ENA" in livers of pregnant rats during the last week 

of gestation. These investigators suggest that secretions 

of viable placentas are responsible for this increased ENA 

concentration. The data in Tables 15 and 1? show that the 

pellet-fed females average more placental material than the 

E (+) females on the 20th day of gestation. In light of the 

suggestion of Campbell and Kosterlitz, the existence-of more 

ENA per gm of placenta in the pellet-fed females could be 

postulated to correspond to more placental secretion. Of 

course, the placental tissue remaining in the uteri of E (-) 

females on the 20th day of gestation was not viable and could 

not support liver ENA synthesis. 

Marked differences in nucleic acid content were found 

between the placental material from the E (-) females and 

that of either control group. Only small amounts of ENA and 

DNA remain in the placental tissue residues of the E (-) fe­

males. The placentas of the pellet-fed and E (+) females 

were similar in their nucleic acid composition. Fisher and 

Leathem (92) reported the ENA and DNA composition of placentas 

from rats sacrificed on the 21st day of gestation. They found 
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an BNA concentration of 6.65 mg/gm and a DM concentration of 

1.92 mg/gm. These data are in agreement with the values 

found in the present study; namely,- ENA 6.11 mg/gm and DNA 

2.10 mg/gm for the E.(+) females and, ENA 5*96 mg/gm and 

DNA 1.68 mg/gm for the pellet-fed females. 

The ENA and DNA content of uteri from both control 

groups increased between the 10th and 20th days of gestation, 

but the concentration of the nucleic acids per gm of uterus 

decreased. This decrease in concentration was probably due 

to an increased imbibition of water into the uterus as 

pregnancy progressed (1̂ 8). Uteri of the E (-) females 

showed only slight increases in wet weight and nucleic acid 

content between days 10 and 20 of gestation. In contrast to 

the control uteri, the DNA concentration stayed constant and 

the ENA concentration increased in the case of the E (-) 

uteri. Therefore, these data clearly differentiate the uteri 

from the E (-) group from those of the two controls. 

The protein and nucleic acid data presented in Tables 

14 thru:17 represent the first reported attempt to compare 

tissues of normal pregnant rats with those of rats in which 

resorption has been induced by a deficiency of vitamin E 

during the gestation period. 
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SUMMARY 

Studies were undertaken in an attempt to correlate the 

complex process of fetal death and resorption in vitamin E-

deficient rats with some metabolic derangements commonly-

associated with avitaminosis-E. 

Female, albino rats were maintained from weaning on one 

of three diets; namely, standard rat pellets, basal tocopherol-

deficient ration and, basal tocopherol-deficient ration sup­

plemented with dl-alpha-tocopherol acetate. The effects of 

the three dietary regimens on the growth of the rats were 

noted. While the pellet-fed females gained more weight than 

either the E (+) or E (-) females, no retardation of growth 

due to a lack of vitamin E was found in the E (-) group. 

Increased urinary excretion of creatine has been as­

sociated with a state of avitaminosis E in several species of 

animals. Therefore, the ability of the tocopherol-deficient 

ration to produce positive creatinuria was tested. The E(-) 

females were found to be creatinuric by approximately 70 days 

of age; while the creatine-to-creatinine ratios for the E (+) 

females were consistently low. Indications of a moderate 

degree of creatinuria were found for the pellet-fed females 

at sexual maturity. 

When the females reached 75 days of age, mating to normal 

males was begun. While the three groups gained approximately 
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the same amount of weight during the first 10 days of gesta­

tion, significant differences were found during the second 

10 days of gestation. Petal death and resorption occurred 

consistently in the E (-) females and were accompanied by 

reduced weight gains during the last week of gestation. In­

vestigations involving the three groups of pregnant rats were 

confined to the liver, uterine contents, and uterus on the 

10th day of gestation and to the liver, placenta, and uterus 

on the 20th day of gestation. 

The main biological function of vitamin E is considered 

to be the inhibition of the oxidation of unsaturated lipids. 

Both the in vivo and in vitro lipid peroxide content of the 

tissues studied were determined using the TBA reaction. The 

mean in vivo lipid peroxide content of livers from the E (-) 

females was significantly higher than that of livers from 

either control group on the 10th day of gestation. By the 

20th day of gestation, all of the tissues studied from the 

E (-) females contained higher in vivo levels of lipid perox­

ides than did corresponding tissues from either of the two 

control groups. More drastic differences were found among 

the m vitro lipid peroxide data. The mean lipid peroxide 

contents of all tissues studied from the E (-) females were 

significantly higher than the corresponding values for the 

tissues from either control on both the 10th and the 20th 

days of gestation. Further, the mean in vitro lipid peroxide 
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content of livers from the pellet-fed females was higher than 

the value for livers from the E (+) females on both the 10th 

and 20th days of gestation. 

Since protein synthesis plays a vital role in the ana­

bolic process of pregnancy, this parameter was selected as 

the initial metabolic system to be studied. The m vivo 
lit 

incorporation of L-valine-l-C into the protein of the 

tissues studied was measured at 1, 2, and 4 hours after 

intraperitoneal injection. The three groups of females did 

not show any consistent differences in their ability to 

incorporate and retain radioactive valine on the 10th day 

of gestation. Resorption was virtually complete in the E(-) 

females by the 20th day of gestation. The placental tissue 

remaining in the uteri of these rats was in an advanced state 

of resorption and did not incorporate radioactive valine. The 

uteri themselves incorporated significantly less valine than 

did uteri from either of the pregnant controls. 

Organ maintenance experiments were begun to more clearly 

differentiate the tissues from the three groups of females. 

Liver and placental slices, uterine content homogenates, and 

uterine slices were incubated in Krebs-Ringer bicarbonate 

1̂  medium containing L-valine-l-C . A 10 minute preincubation 

was followed by a 30 minute incubation in the presence of 

radioactive valine. No reproducible differences were found 

among the three groups of rats on the 10th day of gestation. 
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but indications that uterine contents and uteri from E (-) 

females did incorporate more radioactivity than corresponding 

tissues from control groups were found. The incorporation of 
1 k 

L-valine-l-C by preparations of tissues excised from the 

E (-) females on the 20th day of gestation were significantly 

lower than the corresponding values for the tissues from the 

two controls in which normal litters were nearing full 

development.. Both liver and uterine preparations from the 

pellet-fed females incorporated significantly more radio­

activity than did similar preparations from the E (+) females 

on the 20th day of gestation. 

1̂  Patterns of the in vitro Incorporation of L-valine-l-C 

by preparations of tissue from pellet-fed and E (-) females 

sacrificed on the 10th day of gestation were determined. 

Linear plots of protein specific activity against incubation 

time were obtained in each case. The lipid peroxide content 

of the medium was measured after each liver slice incubation. 

The mean peroxide content of the media used for the liver 

slices from the E (-) females was significantly higher than 

in those used for the liver slices from the pellet-fed females 

after each time period. . 

Total protein, ENA, and DMA were determined quantitative­

ly in each of the tissues studied. Using the average wet 

weight of each tissue, the concentrations of the three com­

ponents were calculated. The protein and nucleic acid composi-
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CONCLUSIONS 

The results obtained under the described experimental 

conditions lead to the following conclusions: 

Specific Conclusions 

Tenth day of gestation 

1. Homogenates of the liver, uterine contents, and 

uterus of the vitamin E-deficient rat produce more lipid 

peroxide than those of control rats during aerobic incuba­

tions. 

2. The total protein, ENA, and DNA contents of these 

tissues from the E-deficient rat are normal. 
iL 

3. The incorporation of L-valine-l-C into the protein 

of these tissues from the E-deficient rat could not be 

distinguished from control values after in vivo and in vitro 

incubations. 

Twentieth day of gestation 

1. Lipid peroxidation is markedly increased in the 

liver, uterine contents, and uterus of the E-deficient rat 

between the 10th and 20th days of gestation. 

2. The liver and uterus of the E-deficient rat contain 

less total protein, ENA, and DNA, and incorporate less L-
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1 k 
vallne-l-C than those of control rats. 

General Conclusions 

1. The amount of vitamin E In the diet affects the 

amount of lipid peroxidation In the liver of the rat during 

a normal gestation. 

2. Lipid peroxides formed In tissues of the E-deflclent 
Ik 

rat do not significantly alter their total L-vallne-l-C 

Incorporation during in vitro incubation. 
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APPENDIX 

Table 19. Level of significance of differences "between 
means shown in Table 3 

Affe Means compared̂  
Days P and E  ( + )  P and E  ( - )  E  ( + )  and E  ( - )  

24 >0.500 >0.500 >0.500 

29 <0.200 <0.400 >0.500 

35 <0.001 <0.001 >0.500 

41 <0.001 <0.001 >0.500 

47 <0.001 <0.001 >0.500 

53 >0.001 >0.001 <0.400 

59 <0.001 <0.001 <o.4oo 

65 <0.001 <0.001 <0.200 

71 <0.001 <0.001 >0.500 

77 <0.001 <0.001 <0.400 

P (pellet-fed females); E (+) (females fed tocopherol-
deflclent diet supplemented with dl-alpha-tocopherol acetate)i 
and, E (-) (females fed tocopherol-deficlent diet). 
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Table 20. Level of significance of differences between means 
shown in Table ^ 

Shipment 
Birth date Means compared 
of rats P and E (+) P and E (-) E (+) and E (-) 

7/5/65 <0.010 <0.001 >0.500 

7/28/65 >0.500 >0.500 >0.500 

1/11/66 <0.100 <0.050 >0.500 

Table 21. Level of significance of differences between means 
shown in Table 6 

Shipment 
Birth date Nature Means compared 
of rats of data P and E (+) P and E (-) E (+) and E (-) 

5/8/65 Creatinine >0.500 >0.500 >0.500 

Creatine >0.500 <o.4oo <0.200 

Ratio <o.4oo <0.500 <0.200 

7/5/65 Creatinine >0.500 >0.500 >0.500 

Creatine <0.500 <0.400 <o.4oo 

Eatio <0.200 <0.500 <0.025 
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Table 22. Level of significance of differences between means 
shown in Table 7 

Nature Means compared 
of data P and E (+) P and E (-) E (+) and E (-) 

First 10 
days of 
gestation 

>0.500 >0.500 >0.500 

First 20 
days <0.001 <0.001 <0.001 

Table 23. Level of significance of differences between means 
shown in Table 8 

Gesta­
tional Nature Means compared 

Tissue day Of data P and E (+) P and E (-) E(+)andE( 

Liver 10 In vivo <0.050 <0.010 <0.001 
In vitro <0.010 <0.001 <0.001 

20 In vivo <0.001 <0.001 <0.001 
M vitro <0.001 <0.001 <0.001 

Uterine 10 In vivo >0.500 <0.400 <0.100 
contents m vitro <0.200 <0.001 <0.001 

Placenta 20 In vivo >0.500 <0.001 <0.001 
In vitro >0.500 <0.001 <0.001 

Uterus 10 In vivo <0.500 <0.005 <0.200 
In vitro >0.500 <0.001 <0.001 

20 In vivo >0.500 <0.001 <0.001 
In vitro <0.010 <0.001 <0.001 
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Table 24. Level of significance of differences between means 
shown in Tables 9 and 10 

Gesta­
tional Time Means compared 

Tissue day hours P and E (+) P and E (-) E (+) and E (-) 

Liver 10 1 <0.500 <0.005 <0.400 

2 <0.500 <0.010 <o.4oo 

. 4 <0.200 <0.40 0 >0.500 

20 1 >0.500 <0.025 <0.050 

2 <0.400 <0.400 >0.500 

4 <0.025 <o.4oo <0.050 

Uterine 10 1 >0.500 >0.500 >0.500 
contents 

2 >0.500 <0.001 <0.100 

4 <0.100 <0.100 >0.500 

Placenta 20 1 <0.010 <0.001 <0.001 

2 >0.500 <0.001 <0.001 

4 >0.500 <0.001 <0.001 

Uterus 10 1 <0.010 • <0.400 >0.500 

2 <0.400 <0.200 <0.100 

k <0.050 <0.100 <0.001 

20 1 <0.500 <0.001 <o.4oo 

2 <0.100 <0.001 <0.001 

4 >0.500 <0.001 <0.001 
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Table 25. Level 
shown 

of significance of differences 
in Table 11 

between means 

Gesta­
tional Means compared 

Tissue day P and E (+) P and E (-} E (+) and E (-) 

Liver 10 >0.500 >0.500 >0.500 

20 <0.050 <0.001 <0.050 

Uterine 
contents 

10 >0.500 <0.050 <0.005 

Placenta 20 >0.500 <0.001 <0.001 

Uterus 10 <0.200 <0.400 <0.100 

20 <0.010 <0.001 <0.001 

Table 26. Level of significance of differences 
in Table 12 

between means 

Time of Tissue 
incubation 
minutes 

Uterine 
Liver contents Uterus 

15 <0.025 >0.500 <0.400 

30 <0.400 '  <o.4oo <0.500 

60 <0.500 <o.4oo <0.500 
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Table 27. Level of significance of differences between means 
shown in Table 13 

Time of 
incubation Mean compared 
minutes P and E (-) 

15 

30 

60 

<0.001 

<0.001 

<0.001 

Table 28. Level of significance of differences between meana 
in Table 14-

Nature Means compared 
Tissue of data P and E (+) P and E (-) E (+) and E (-) 

Liver wet weight <0.050 <0.400 <o.4oo 

total protein <0.400 >0.500 <o.4oo 

protein conc. <0.400 <o.4oo >0.500 

Uterine wet weight <0.100 <0.050 >0.500 
contents 

total protein <0.200 <0.200 <0.500 

protein conc. >0.500 >0.500 >0 .500 

Uterus wet weight <0.500 >0.500 <0.400 

total protein <0.100 >0.500 <0.100 

protein conc. <o.4oo <0.400 >0.500 



I4l 

Table 29. Level of significance of differences between means 
shown in Table 15 

Nature Means compared 
Tissue of data P and E (+) P and E (-) E (+) and E (-) 

Liver wet weight <0.025 <0.001 <0.050 

total protein <0.050 <0.001 <0.200 

protein conc. >0.500 >0.500 <0.500 

Placenta wet weight >0.500 <0.001 <0.001 

total protein <0.400 <0.001 <0.001 

protein conc. <0.500 <0.001 <0.001 

Uterus wet weight <0.200 <0.001 <0.001 

total protein <0.200 <0.001 <0.001 

protein conc. >0.500 <0.010 <0.010 



142 

Table 30. Level of significance of differences between means 
shown in Table l6 

Nature Means compared 
Tissue of data P and E (+) P and E (-) E (+) and : 

Liver wet weight <0.050 <0.050 >0.500 

total DNA >0.500 >0.500 >0.500 

DNA conc. <0.500 >0.500 >0.400 

total SNA >0.500 >0.500 >0.500 

ENA conc. >0.500 >0.500 >0.500 

Uterine wet weight >0.500 <0.400 <0.500 
contents 

wet weight 

total DNA >0.500 >0.500 >0.500 

DNA conc. <0.200 <0.200 >0.500 

total ENA >0.500 >0.500 >0.500 

ENA conc. >0.500 >0.500 >0.500 

Uterus wet weight >0.500 >0.500 >0.500 

total DNA >0.500 >0.500 >0.500 

DNA conc. <o.4oo >0.500 <0.200 

total ENA <0.500 <0.500 >0.500 

ENA conc. <0.500 <0.200 <0.400 
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Table 31. Level of significance of differences between means 
shown in Table I7 

Nature Means comi Dared 
Tissue of data P and E (+) P and E {-) 1 E (+) and E (-) 

Liver wet weight <0.005 <0.025 >0.500 

total DNA <0.100 <0.200 >0.500 

DNA conc. >0.500 >0.500 >0.500 

total EMA <0.001 <0.001 <0.500 

ENA conc. >0.500 >0.500 >0.500 

Placenta wet weight <0.010 <0.001 <0.001 

total DNA >0.500 <0.001 <0.001 

DNA conc. <0.400 >0.500 <o.4oo 

total ENA <0.400 <0.001 <0.001 

ENA conc. >0.500 <0.001 <0.001 

Uterus wet weight <0.010- <0.001 <0.001 

total DNA <0.050 <0.005 <0.010 

DNA conc. >0.500 <0.001 <0.001 

total ENA <0.100 <0.001 <0.001 

ENA conc. <0.500 <0.005 <0.005 


