
Alleviation of methionine toxicity by vitamin A in the rat

Item Type text; Thesis-Reproduction (electronic)

Authors Evenson, Jacqueline Kay

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:00:02

Link to Item http://hdl.handle.net/10150/555113

http://hdl.handle.net/10150/555113


ALLEVIATION OF METHIONINE TOXICITY
BY VITAMIN A IN THE RAT

by
Jacqueline Kay Evenson

A Thesis Submitted to the Faculty of the 
COMMITTEE ON AGRICULTURAL BIOCHEMISTRY AND NUTRITION (GRADUATE)

In Partial Fulfillment of the Requirements 
For the Degree of
MASTER OF SCIENCE 

In the Graduate College 
THE UNIVERSITY OF ARIZONA

1 9  7 8



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library.

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his judg
ment the proposed use of the material is in the interests of scholar- 

: ship. In all other instances, however, permission must be obtained from 
the author.
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ABSTRACT

The effects of adding excessive levels of vitamin A to a 10% 
casein diet prior to feeding a diet containing 10% casein plus an 
excessive amount of L-methionine were studied in the white rat. A diet 

containing 10% casein supplemented with 2% methionine resulted in sub
stantial depression of growth and food intake. Vitamin A (1000 lU/g) 
added to the 10% casein diet 7 to 10 days before feeding the high 
methionine diet resulted in a beneficial effect on growth and food 
intake. Similar results were obtained when 2% L-histidine was added to 
the diet in place of methionine9 but to a lesser extent.

The beneficial effect of vitamin A at various levels in the pre
feeding diet was also investigated. Tolerance to excessive dietary 
methionine increased with successively higher levels of vitamin A (4 IU 
to 1000 IIT/g diet) . Rats prefed high vitamin A required less time to 
adapt to the deleterious effects of the high methionine diet than normal 

vitamin A fed rats.
Glycine was also shown to partially alleviate the toxicity 

caused by ingestion of excessive dietary methionine in the normal and 
vitamin A fed rats. The beneficial effect of glycine did not signifi
cantly enhance the alleviation of methionine toxicity attributed to 
vitamin A prefeeding. This was especially evident in growth responses.

The plasma concentrations of the amino acids fed in excess were 

lower in the vitamin A treated rats in most instances. Rats prefed

xi
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vitamin A followed by a diet containing excessive amounts of methionine 
or histidine showed increased oxidation of the uniformly labeled amino 
acid to carbon dioxide, but often the difference was not statistically 
significanto

Bilaterally adrenalectomized rats fed a diet containing exces
sive methionine showed no significant difference in growth from the 
sham operated rats of the same prefeeding treatment. Vitamin A prefed 
rats of either surgical treatment showed greater weight gains compared 
to their respective control fed rats,



INTRODUCTION

Rats fed excessive (toxic) amounts of an individual amino acid 
in the diet exhibit depressions in growth and food intake (Sauberlich, 
1961; Peng et al.9 1973)• The degree of severity of the toxicity is 
dependent on the individual amino acid fed and its concentration in the 
diet. Many of the studies on amino acid toxicity have been the result 
of attempts to reproduce experimental models for various "in-born errors 
of metabolism." The concept of genetic defects of amino acid metabolism 
was first documented by Garrod (1908).

Methionine has been shown to be the most toxic of the indispens

able amino acids (Sauberlich, 1961). In addition to depressed growth 
and food intake, ingestion of excess dietary methionine appears to 
increase the requirement for pyridoxine (Debey, Snell, and Bauman, 1952) 

and cause tissue abnormalities such as kidney hypertrophy, changes in 
pancreatic acinar cells, and iron deposition in the spleen which results 
in a darkened condition (Perry et al., 1965). Many of these pathologi
cal changes have also been observed in infants with hypermethioninemia.

Attempts have been made to overcome the growth depression caused 
by an excessive methionine intake by adding individual amino acids or a 
combination of amino acids to high methionine diets. Glycine supplemen
tation to a diet containing excessive methionine has been found to 
partially alleviate symptoms of methionine toxicity consistently 
(Benevenga and Harper, 1967). Recently, Eckert and Kemmerer (1974)

1
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investigated the relationship between methionine and vitamin A on the 
growth of trout fingerlings. They concluded that the growth depression 
due to an increase of methionine (2%) in the diet was partially 
alleviated by increasing the vitamin A content of the diet.

As a result of the previous findings, this study was undertaken. 
The objective of these experiments was to determine the effect of 
vitamin A therapy on rats receiving excessive levels of methionine in 
the diet. It was also the author’s intent to study conditions which 
would allow maximum alleviation of the symptoms of the toxicity due to 
excessive dietary intake of methionine.



LITERATURE REVIEW

Amino Acid Toxicity
Ten indispensable amino acids are required for growth in the 

rat. Table 1 lists the minimum amino acid requirements of these amino 
acids for weanling rats as established by different investigators. In 
young rats9 threonine was found to be the least toxic amino acid when 
included in the diet at a level of 5% (Sauberlich, 1961).. Other amino 
acids9 in order of increasing toxicity, were leucine, arginine, iso
leucine , valine, leucine, phenylalanine, histidine, tryptophan, and 
methionine. Generally, indispensable amino acids are more toxic than 
dispensable amino acids (Rogers and Leung, 1973) and, as in the case of 
methionine, L- forms are more toxic than D- forms (Wretlind, 1950).

It is difficult to compare the numerous investigations made on 
excessive intakes of indispensable amino acids due to the variety of 
conditions under which the investigations have been conducted (Harper, 

1964). The toxic effect of an excess of an individual amino acid is 
probably dependent upon what the metabolic products of the amino acid 
are and how readily they can be eliminated. Those amino acids, such as 
methionine, giving rise to a large number of metabolic products appear 

to be most toxic.
Ingestion of excessive amounts of a single amino acid can result

in depressed growth and food intake. The growth response is dependent
upon the particular amino acid fed and its concentration in the diet

3



Table 1. Amino Acid Requirements of the Weanling Rat.

Net Amino Acids NRCa Rose^ QRama Rao

L-tryptophan 0.15d 0.2 . 0.12
L-histidine 0.3 0.4 0.26
L-lysine 0.9 1.0 0.9
L-leucine 0.8 0.9 0.7
L-isoleucine 0.5 0.5 0.55
L-phenylalanine 0.9 0.9 0.9

L-methionine 0.6 0.6 0.5

L-threonine 0.5 0.6 0.5

L-valine 0.7 0.7 0.55
L-arginine 0.2 - -

^National Academy of Sciences--National Research Council
(1962).

bRose (1937).
R̂arna Rao et al» (1960) »
^Percent of the diet.
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(Daniel and Waisman, 1968; Peng et al., 1973)» During the first week, 
growth depression is most severe; after this time, adaptation to the diet 
may occur depending on the feeding level,

Peng and Harper (1970) investigated the aminostatic hypothesis 
of food intake regulation. This hypothesis is based on the assumption 
that "elevated concentrations of plasma amino acids that cannot be 
channeled to protein synthesis may serve as a satiety signal for food 
intake regulating mechanisms and thereby result in depressed food 
intake" (Peng and Harper, 1970, p, 429), They found that, as rats 
became adapted, possibly because of an increased capacity for amino acid 

degradation, the rats consume more of the diets before the stimulus 
initiating food intake depression was activated.

The possibility of hepatic glucoammonium receptors, which moni
tor ammonia and excess amino acids received from portal circulation, has 
been suggested as a means of regulating food intake (Russek, 1971). 
However, Peng and Harper (1970) found no quantitative relationship 
between the relative plasma ammonia concentration and severity of food 
intake depression in rats fed a series of diets containing 6% casein 
plus isonitrogenous amounts (0.7%) of incomplete mixtures of amino acids.

Extreme levels of protein in the diet can also cause decreased 

food consumption. When rats fed a 6% casein diet were switched to a 75% 
casein diet, there was a decrease in the amount of food consumed (Rogers 

and Leung, 1973). Osborne and Mendel (1915) pointed out that, with a 
constant energy intake, the amount of protein available for constructive 
functions will be limited by the "law of minimums." This is now
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recognized as the limiting amino acid. Osborne and Mendel (1915) demon
strated that rats which failed to grow normally were eating sufficient 
food to enable them to grow if the protein factor had been adequate.
They felt the economy of proteins as nutrients in growth appeared to be 
closely bound to their amino acid make-up.

Protein levels and quality can also affect the severity of 
feeding a diet containing an excessive amount of a single amino acid. 
Methionine fed at a level of 5% of the diet in a 6% or 10% casein diet 
caused severe growth depression (Sauberlich, 1961; Muramatsu et al. «, 
1971). Increasing the casein level to 25% and 50% of the diet caused 
slight increases in growth. Growth of rats fed 2% DL-methionine in 10% 
casein9 blood fibrin, egg albumin, or lactalbumin was depressed when 
compared to rats fed the same protein source without methionine 
(Sauberlich, 1961). In the same study, growth of rats fed 10% soy pro
tein was improved with the addition of 2% DL-methionine.

The toxicity of some amino acids is more severe when they are 
included in diets deficient in vitamins such as riboflavin and pyridoxine 
(Cerecedo and De Renzo, 1950; Debey et al., 1952). This suggests that 
some coenzymes required for the catabolism of amino acids may have 
become limiting in organisms fed on deficient diets (Harper, 1964).

There have been relatively few studies conducted on threonine 

toxicity. It has been shown to be one of the least toxic of the indis
pensable amino acids (Sauberlich, 1961). The relatively high tolerance 

to threonine toxicity seems to be a result of the limited effect of 
threonine on food intake (Peng and Harper, 1970) and to the ready
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oxidation of intermediates of threonine metabolism. Excess intake of 
threonine is reflected in plasma amino acid concentration (Russell, 
Taylor, and Hogan, 1952), Growth in rats was depressed by 30% when the 
diet included 1,25% threonine in 6% casein (Alam et al,, 1966). 
Tryptophan supplementation was shown to alleviate this growth depres
sion. In studies on rats fed high threonine diet or high threonine plus 
high tyrosine diet, cataracts were observed. Tryptophan supplements 
also prevented this. The results suggest that threonine in the diet 
precipitated a tryptophan deficiency in rats fed diets adequate in 
tryptophan (Alam et al., 1966). Other amino acids have also been shown 
to exert an effect on threonine. Katz and Baker (1975) have shown that, 
in chicks, a basal diet supplemented with an excessive amount of 
methionine increased their threonine requirement.

A marginal protein diet containing 5% lysine has been shown to 
retard growth in chicks (Anderson et al., 1951) and in rats (Jones, 
Wolters, and Burnett, 1966). The toxic effect of lysine is moderate 
relative to the amount of methionine or tryptophan present (Sauberlich, 
1961). Plasma lysine concentration is reflective of the amount present 
in the diet when fed at toxic levels. However, at deficient levels in 

the diet, there will be low levels in the blood despite the severity of 
the deficiency. No increase in plasma concentration will be observed 
until the dietary levels reach the point which is needed to maximize 

growth (Zimmerman and Scott, 1965).
The effects of excessive intakes of phenylalanine and tyrosine

have been studied extensively in an effort to develop experimental
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models of the genetic defects which occur in the metabolism of these two 
amino acids: phenylketonuria, alcaptonuria, and tyrosyluria.

Excess phenylalanine causes growth and food intake depression.
The severity of the growth depression is proportional to the amount of 
amino acid in the diet (Kerr and Waisman, 1967). The severity of the 
depression decreases as the quality or quantity of the protein in the 
diet increases (Sauberlich, 1961; Harper, Becker, and Stucki, 1966). 
Elevated levels of plasma phenylalanine and tyrosine have been observed 
in children (Snyderman et al., 1968) and various species of animals 
(Sauberlich, 1961; Kerr and Waisman, 1967) when fed diets high in 
phenylalanine. Elevated concentrations of phenylalanine and tyrosine 
have also been observed in the brains of rats force-fed 3% phenylalanine 
in a 6% casein diet; however, the brain concentrations were lower than 
those observed in the plasma, indicative of the blood-brain barrier 
(Peng et al., 1973). Behavioral changes have been observed in rats and 
monkeys when fed diets high in phenylalanine (Waisman and Harlow, 1965; 
Polidora, 1967). Gradual adaptation to high phenylalanine ingestion, as 
evidenced by improved growth and food intake, will occur (Daniel and 

Waisman, 1968).
Tyrosine toxicity is associated with high blood and tissue con

centrations of tyrosine (Sauberlich, 1961). Levels of tyrosine from 

0.5%.to 20% of the diet have been tested in diets containing 4% to 8% 
protein (Schweizer, 1947). The severity of growth depression exhibited 
in tyrosine toxicity decreases as protein quantity increases. Increasing 
the protein content of the diet from 6% to 12% resulted in a 14-fold
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increase in the weight gain of rats receiving 3% of tyrosine in the diet 
(3 g to 43 g/9 days9 respectively) (Harper et al„9 1966)» Threonine and 
some other amino acids 9 including glycine and cystine supplements 9 have 
also been shown to alleviate tyrosine toxicity (Martin9 1947; Alam et 
alo9 1966). Tyrosine toxicity has been well documented; feeding rats an 
excessive amount of tyrosine in a low-protein diet resulted in redness 
and swelling of the paws and histopathological changes in several 
tissues (Lillie9 1932; Heuper and Martin9 1943; Schweizer9 1947). Mature 
rats have been shown to be more resistant to tyrosine toxicity than 
young rats. Boctor and Harper (1968) have observed that the majority of 
rats fed a diet high in tyrosine (5%) died within two weeks. Of the 
rats that survived9 there was no indication of adaptation to the diet.

Branched chain ketoaciduria9 as with phenylketonuria9 causes 
irreversible structural changes in neural tissue (Menkes5 1967).
Several attempts have been made to simulate the human disease of 

branched chain ketoaciduria in lab animals by feeding large amounts of 

the branch chain amino acids.
Excessive amounts of the branched chain amino acids —  leucine9 

isoleucine9 and valine —  in the diet have been shown to depress growth 
in rats (Russell et al.? 1952; Sauberlichj 1961). In man9 leucine has 
been shown to stimulate insulin production (DiGeorge and Auerbach9 1960)9 
causing severe hypoglycemia in persons with the genetic susceptibility. 

Rats can tolerate a considerable excess of leucine in the diet if pro
tein is adequate. The adaptation time required for rats to overcome 
leucine toxicity is dependent on the amount of leucine in the diet
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(Spotler and Harper, 1961), The toxic effects of leucine in a low pro
tein diet can be overcome by the simultaneous addition of isoleucine and 
valine. It appears that an excess of either leucine, isoleucine, or 
valine increases the requirement of the other two. Growth depression by 
leucine has been attributed to amino acid antagonisms due to structural 
similarity of the branched chain amino acids.

Tryptophan was the first amino acid shown to be nutritionally 
essential (Willcock and Hopkins, 1906). An excessive amount of trypto
phan in a low protein diet caused growth depression in rats, but with 
increased protein quantity in the diet, tolerance to the toxic effects 
is developed (Sauberlich, 1961; Harper et al., 1966; Daniel and Waisman, 
1968). Man has been shown to tolerate tryptophan loading of 10 g of 
DL-tryptophan per week over many weeks (Baker et al., 1964).

Marked depressions in growth and food intake have been observed 
in rats fed 5% of L-histidine in a 10% or 20% casein diet (Muramatsu et 
al., 1971). Sauberlich (1961) and Daniel and Waisman (1968) have 
reported high plasma concentrations of histidine in rats fed high 
histidine diets. As with many amino acids, the excess histidine in the 
diet is tolerated to a greater extent as the protein quality and 
quantity of the diet increases (Harper et al., 1966). Serum hyperlipemia 
was produced within 3 to 4 months in infant monkeys fed a high histidine 
diet (Kerr, Wolf, and Waisman, 1966). This suggests a possible link 
between amino acid and lipid metabolism, but is not yet fully understood.

Cystine at a level of 2.5% in a low-protein diet was demon
strated to cause depressed growth, liver damage, and kidney necrosis
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(Sullivan9 Hess5 and Sebrell* 1932; Earle, Small, and Victor, 1942).
Cystine in the diet can be replaced by methionine, but the reverse is
not true. The sulfur of methionine is a precursor of the sulfur of
cystine, as shown by du Vigneaud (1952) using S ^  and C"^. No C*^ was

35recovered in cystine but S was. Methionine and cystine toxicities are 
distinctly different; therefore, methionine toxicity cannot be attributed 
to excessive formation of cystine or cysteine (Harper, 1964).

In studies of relative toxicity, methionine in excessive amounts 
has repeatedly been shown to be one of the most toxic indispensable 
amino acids (Russell et al., 1952; Sauberlich, 1961; Benevenga and 
Harper, 1967; Daniel and Waisman, 1968). Increasing the level or 
quality of protein in the diet was shown to decrease the severity of 
methionine toxicity as a result of 3% methionine in a 6% casein diet 
(Sauberlich, 1961).

Excessive intake of methionine caused depressed weight gain when 
fed at successively higher levels in the diet. Gross physiological 
changes included: a) an enlarged liver, normal in appearance; b) the
pancreas was smaller, pale, and soft; and c) an enlarged spleen, normal 
in size and shape, but abnormally dark reddish black. Spleen appearance 
was partially due to increased iron deposition, but microscopic examina
tion revealed sinusoids of the spleen were enlarged and filled with 

blood (Stekol and Szaran, 1962).

Methionine Metabolism
The degradation pathways of methionine provide many intermediates 

as shown in Figure 1 (Harper, 1964; Lehninger, 1975). The first step in
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ATP

Methionine -> S-Adenosylmethionine

Betaine-

Methionine 
Adenosyltransferase

Homocysteine
Methyl

Transferase

Acceptor

Acceptor-CH,

Methyl-THE

S-AdenosyIhomo cysteine 
Hydrolase

L-Homocysteine <------------------------  S-AdenosyIhomocysteine

L-Serine.

Cystathionine g-synthase,

Cystathionine Y-Lyase
L-Cys tathionine -> L-Cysteine + 

L-Homoserine

L-Cysteine + 
L-Homoserine + 
NH

Figure 1. Major Metabolic Pathway of Methionine Degradation.
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the major degradative pathway involves activation of methionine to 
S-adenosylmethionine (SAM) which requires ATP and methionine adenosyl- 
transferase, SAM is the "active form" of the amino acid since the 
sulfonium bond is of the high energy type (Cantoni, 1953) • The removal 

of the methyl group is accomplished by transfer to a methyl acceptor 
such as ethanolamine. The methyl transfer results in the formation of 
S-adenosylhomocysteine (SAH),

SAH has been identified as a potent inhibitor of methylating 
enzymes using SAM as a methyl donor and therefore may have a regulatory 
function in the in vivo transmethylation reactions (Borchardt and Wu, 
1974), They put forth the theory that SAH binds to Methylating enzymes, 
among which are histamine N-methyltransferase and S-adenosylmethionine- 
glycine N-methyltransferase, Borchardt and Wu (1974) also pointed out 
that the terminal amino group, the carboxyl group, and the sulfur atom 
of SAH are necessary for a maximum inhibitory effects,

The enzyme that catalyzes the reaction involving S-adenosylhomo- 
cysteine is designated S-adenosylhomocysteine hydrolase. Although SAH 

hydrolase catalyzes the condensation reaction, hydrolysis of SAH to 
homocysteine and adenosine by this enzyme will occur if the reaction 
products are enzymatically removed (de la Haba and Cantoni, 1959), 

Modulation of this activity may play a role in the regulation of bio
logical methylation as well as methionine metabolism in general 

(Kajander, Eloranto, and Raina, 1976),
The reaction involving SAH is quite complex in that it exhibits 

both substrate and product inhibition in the condensation reaction and



14
product inhibition in the hydrolytic reaction (Walker and Duerre, 1975). 
Despite marked variability, every tissue studied (liver, kidneys, brain, 
adrenal glands, spleen, heart, lungs, testes, adipose tissue, and small 
intestine) has been shown to possess the capacity to synthesize SAM and 
metabolize homocysteine by conversion to cystathionine or rernethylation 
of methionine (Finkelstein and Harris, 1973, 1975).

S-adenosylhomocysteine yields homocysteine and adenosine at this 
point in the pathway. Three enzymes are available to remethylate homo-* 
cysteine to methionine. Betaine-homocysteine methyltransferase shows 
increased hepatic activity with increased protein content of the diet 

(Finkelstein, Kyle, and Harris, 1974). This is the opposite of what 
would be expected if the enzyme were important in methionine conserva
tion (Finkelstein, Kyle, and Harris, 1971; Ericson and Harper, 1956).

The level of N^-methyltetrahydrofolate-homocysteine methyltrans
ferase shows increased hepatic activity when the protein level of the 
diet decreases (Finkelstein et al., 1974). This would be expected if 
reme thy lation was going to be used as a methionine conserving mechanism 

during decreased protein intake.
The third enzyme available for homocysteine remethylation is 

S-adenosyImethionine: homocysteine methyltransferase (Shapiro and

Yphantis, 1959). Homocysteine can also react with serine in the presence 
of cystathionine synthase and pyridoxal phosphate to form cystathionine. 
Cystathionine is cleaved to form cysteine and a-ketobutyrate (Carroll, 

Stacy, and du Vigneaud, 1949; du Vigneaud, Moyer, and Chandler, 1948; 

Binkley and Olson, 1950; Binkley, 1951; Matsuo and Greenberg, 1955,
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1958)o a-ketobutyrate can ultimately enter the KrebTs Cycle and cysteine 

can be used in protein synthesis; be degraded to pyruvate, ammonia, and 
sulfate; or be degraded to cysteic acid which is further degraded to 
taurine, a bile acid constituent. In human subjects, it has been 
observed that 80% of the cysteine sulfur is ultimately excreted as. 
inorganic sulfate (Laster et al,, 1965).

Serine and glycine supplementations to a high methionine diet 
have been shown to be effective in alleviating the adverse effects of 
methionine (Cohen, Choitz, and Berg, 1968). Supplementation was only 
effective after rats had adapted to the high methionine diet (Benevenga 
and Harper, 1967). Evidence for the adaptation was improved growth and 
food consumption, decreases in the plasma methionine levels, as well as 
enhanced ability to oxidize carboxyl and methyl carbons of methionine to 

CO^ but only after the third day of feeding (Benevenga and Harper, 1970). 
Glycine appeared to be slightly more effective than serine as a supple
ment when the magnitude of improvement in weight gain (g) was compared.

The mechanism by which glycine exerts its protection is not 
known. It may be involved in methionine metabolism as a source of 
serine to properly convert homocysteine to cystathionine or it may serve 
as a methyl acceptor (Benevenga and Harper, 1970).

In an effort to determine the mechanism of adaptation in which 

oxidation of the methyl carbon of methionine to CO^ is enhanced, several 
pathways have been investigated.

Studies (Case et al., 1976) show that metabolism of the methyl 
carbon of methionine to phosphatidylcholine accounts for little of the
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oxidation of the methionine methyl group to CO^. In an in vitro study 
with liver slices using methyl-^^C-methionine, some of the label was 
recovered in sarcosine and serine (Mitchell and Benevenga, 1976). The 
addition of glycine to the incubation system increased the recovery of 
the label in sarcosine and serine, but not in the CO^o This indicates 
that glycine methyltransferase may be involved in methionine methyl 
group oxidation. The methyl carbons of sarcosine are metabolized via 
serine and little of the serine is oxidized. This system appears to be 
saturated while recovery of the methyl carbon in CO^ and formate 
increases at high methionine concentrations.

In a similar study (Case et al., 1976), the maximum rate of 
choline synthesis was achieved at methionine levels well below methionine 
concentrations where CO^ continued to increase; therefore, CO^ produc
tion must be occurring by metabolic pathways other than those that lead 
to synthesis of choline or betaine. Excessive levels of betaine and 
choline did not depress CO^ production from methionine methyl carbons 

(Case et al., 1976).
There is evidence that methionine degradation may proceed with

out the formation of SAM. In studies involving feeding of S-methyl- 
cysteine (SMC), it was found that, while glycine and serine partially 

alleviated toxic effects of methionine, they had no effect on SMC 
toxicity (Benevenga, Yeh, and Lalich, 1976). This supported a theory 
that SMC was not activated to an SAM-like compound with transfer of a 
methyl group to glycine (Benevenga, 1974; Case and Benevenga, 1976).
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In comparing feeding studies9 it was noted that weight gains for 

both SMC and methionine groups were similar9 spleens showed sinusoidal 
dilatation by erythrocytes and hemosiderin accumulation (iron deposi
tion), and methyl groups of both amino acids were rapidly converted to 

CO2 (Benevenga et al., 1976).
Formate was shown in vitro to lower the recovery of the methyl 

carbons of SMC and methionine as CO^- Because of these similarities, it 
was postulated that methionine at high cellular concentrations may. 
follow a pathway similar to SMC (Benevenga, 1974).

In-born errors in amino acid metabolism in humans are character
ized by a) presence in plasma and/or urine of a single amino acid or its 
metabolites in excessive concentrations, and b) usually mental retarda
tion of a varying degree, although there is no direct cause-effect rela

tionship (Daniel and Waisman, 1968), Homocystinuria is a biochemical 
abnormality associated with a mental deficiency in humans (Mudd et al., 

1964).
Alterations of methionine metabolism have been observed in man. 

Many of the pathological changes observed in the liver, kidney, and 
spleen of rat have been observed in infants with hypermethioninemia. 
Mortality occurs in these patients at 11 to 12 weeks of age (Perry et 
al., 1965). Daniels (1976) has found indications that arteriosclerosis 

may be related to high levels of homocysteine in the body. Homocysteine 
has been shown to be capable of hardening or narrowing arteries by 
stimulating the growth of cells along the inner arterial walls. The



accumulation of homocysteine in the body may be suggestive of an 
enzymatic defect in the metabolism of methionine.

Vitamin A
Symptoms of hyp erv it amino sis A in rats include: emaciation,

exopthalmos, pelt changes, soreness in skin, alopecia, stiffness in 
limbs, spontaneous bone fractures, and hemorrhages. Histologically, 
symptoms include degeneration of the renal tubules and glomeruli, of the 
testes, cardiac muscle, and to a small extent the hepatic cells (Rodahl, 
1950).

Rodahl, Issekutz, and Shumen (1965) found the weight of the 
adrenal glands in rats administered 50,000 to 90,000 IU of vitamin A per 
day for 3 days to be three times higher than those of the control rats.
A toxic dose was identified for rats as above 15,000 IU of vitamin A per 
day. Katsui and lima (1958) placed the toxic level nearer to 10,000 
lU/day with severe disorders occurring at 30,000 IU. Nieman and Obbink 
(1954) presented a general review of early research in the area of 

hyp erv it amino sis A.
In vitro studies with vitamin A deficient rats showed increased 

oxidation of pyruvate, citrate, a-ketoglutarate, glutamate, succinate, 

and fumarate. This suggests action of the vitamin A is on a system 
common to all TCS cycle substrates such as the electron transport system, 
oxidative phosphorylation, or mitochondrial structure (DeLuca et al., 

1963). When deficient rats were given a dingle dose of vitamin A acetate, 
oxidation levels of citrate, succinate, and glutamate were reduced

18
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within 48 hours to levels equal to those of rats which had received the 
vitamin A throughout the experiment.

The transport mechanism of vitamin A in the plasma is saturable 
and affected by protein or caloric deprivation. The carrier is probably 
a portion of albumin (Walker and Duerre, 1975). Veen and Beaton (1966) 
noticed that, in children with kwashiorkor, plasma vitamin A appeared to 
be limited by low levels of albumin. To test their idea, they fed 
vitamin A depleted rats diets containing 0%, 4%, 20%, or 20% casein diet 
pair-fed with the 0% casein diet group. The diets contained no 
vitamin A. Rats were then given varying levels of vitamin A alcohol in 
the diet. Establishment of a plateau of plasma vitamin A level at the 
higher levels of vitamin A feeding strongly supports the existence of a 
saturable transport system. Increase in liver vitamin A deposition 
occurred after plasma vitamin A level neared its maximum value. The 
plateau level in plasma was also dependent on the dietary protein level, 
and therefore on the plasma protein component functioning as a vitamin A 
carrier. Vitamin A transport protein (retinol binding protein) changes 
in proportion to the albumin fraction.

Arroyave et al. (1963) also worked with kwashiorkor children 

they found that, once the children were on therapeutic diets, their 
serum vitamin A levels increased even though there was no vitamin A in 
the diets. They felt this indicated adequate hepatic stores of vitamin A 
but total serum protein was low; therefore, adequate carrier was not

present.
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Esh and Bhatlachary (1961) showed that rats fed a sub optimum 

level of protein (10% casein diet) showed significant weight gain after 
receiving 3000 IU vitamin A/week when compared to rats not receiving the 
vitamin A« Konayagi and Odagiri (1961) demonstrated significantly 
higher levels of vitamin A in the liver of rats receiving 1 or 100 yg of 
vitamin A per day for 4 weeks, when fed 0.2% methionine in a basal diet 
of milled rice, compared to rats receiving the same levels of vitamin A 
respectively but without methionine supplementation to the diet.

Rodahl et al. (1965) postulated that excess levels of vitamin A 
activate a proteolytic enzyme with effects similar to papain.

Adrenalectomy

Glucocorticoids increase protein catabolism and hepatic glyco- 
genesis and gluconeogenesis. Mineralocorticoids increase reabsorption 

of sodium from urine, sweat, saliva, and gastic juice.
Adrenalectomy in patients not receiving hormone treatment 

resulted in sodium loss and potassium reabsorption from the urine.
Plasma potassium was observed to increase and sodium in the plasma 
decreased (Ganong, 1973). Since there was a decline in the extracellular 
fluid sodium which exceeded the amount lost in the urine, it was con
cluded that sodium must be entering the cells. "When salt loss exceeds 
water loss, plasma volume is reduced. This results in hypotension which 

leads to circulatory insufficiency and eventually fatal shock.
These changes can be prevented in part by a dietary salt 

increase. Rats can survive indefinitely on salt alone; however, dogs
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and humans need such large amounts of salt that without mineralocorti- 
coid treatment it is almost impossible to prevent eventual collapse and 
death.

Reichlin and Brown (1960) found that adrenalectomized rats grow 
less well than normal rats when given saline solution. Restoration to 
normal growth was accomplished with treatment of 0.94 and 1.87 mg/100 g 
body weight/day of corticosterone and deoxycorticosterone acetate 

(10:3 w/w).
Administration of cortisol, corticosterone, and cortisone to 

water loaded adrenalectomized rats resulted in increased sodium output 

(Bailey, 1960).
The zona fasciculata and zona reticularis have been established 

as the site of glucocorticoid hormone synthesis in mammals (Wallace et 

al., 1975). Vitamin A was found to be concentrated in lipid droplets of 
the epithelial cell of these areas almost exclusively. Wallace et al. 
(1975) support the hypothesis that vitamin A is involved in the synthesis 

of glucocorticoids.
Feeding of 30,000 IU vitamin A/day for 2 days caused rats to 

exhibit increased hepatic activity of PEP-carboxykinase, fructose-1,6- 
diphosphatase, glucose-6-phosphatase, and alanine transaminase (Singh, 
Singh, and Venkitasubramanian, 1975). When the procedure was repeated 
with bilaterally adrenalectomized rats, there was no increase in the 
activity of these enzymes or enhanced levels of blood glucose or lactic 
acid. These results suggest that the adrenal glands are directly or
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indirectly involved in the vitamin A mediated stimulation of gluconeo- 
genesiso Adrenalectomy did not interfere with liver vitamin A storage.



EXPERIMENTAL METHODS

Animals and Diets
Male weanling rats (55-60 g) of the Holtzman strain were used in 

all experiments. Animals were housed in individually suspended screen 
bottom cages in a room with a controlled light-dark cycle of 12 hours. 
The temperature of the animal room was maintained at 25 ± 1°C. Water 
was given ad libitum. All diets were fed as agar gels, unless otherwise 
stated, and were prepared in plastic containers by mixing 500 ml of 
boiling 2% agar solution per kg of dry diet. The diets were cooled at 
room temperature, covered tightly, and stored under refrigeration.

Growth and Food Intake
Rats were fed ad libitum in all experiments, unless otherwise 

stated. The composition of each diet is given in Table 2. Body weight 
and food consumption were measured daily. Food intake was measured on a 
dry weight basis. Rats went through a prefeeding period in which they 
received either 10% casein diet or 10% casein diet plus a specified 
amount of vitamin A, usually 1000 IIT/g dry diet. After the prefeeding 
period, animals were placed on various experimental diets.

Plasma Amino Acid Analysis
Whole blood was obtained from ether anesthetized rats with a 

heparinized syringe by exposed heart puncture. The samples were kept on 
ice during preparation. The heparinized blood was centrifuged at

23
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Table 2. Composition of Di6ts,

Constituents 10% Casein8- 18% Casein

Casein 10 18
Corn oil 5 5
Salt mixture^ 5 5
Vitamin mixture0 0.5 0.5
Choline chloride 0.2 0.2
Dextrose 39.5 35.65
Cornstarch 39.5 35.65
L-methionine 0.3 —

aThe diets containing 10% casein plus 2% or 3% L-methionine were 
prepared by adding 1.7% or 2.7% of L-methionine9 respectively9 to 
the 10% casein diet. All additions to the 10% casein diet were 
made at the equal expense of the dextrose and the cornstarch. The 
diet containing 10% casein plus 2% L-methionine plus 3% glycine 
was prepared by adding 3% of glycine to the 10% casein plus 2% 
L-methionine diet. The diet containing 10% casein plus 2% 
L-methionine plus 2% L-histidine was prepared by adding 2.70% of 
L-histidine monohydrochloride monohydrate plus 1.75% of sodium 
acetate to the 10% casein plus 2% L-methionine diet. The diet 
containing 10% casein plus 2% L-methionine plus 1000 IU of vitamin 
A/g dry diet was prepared by adding 0.4% of vitamin A palmitate 
(250,000 IU/g) to the 10% casein plus 2% L-methionine diet. The 
diet containing 10% casein plus 3% L-methionine plus 4.5% glycine 
was prepared by adding 4.5% of glycine to the 10% casein plus 3% 
L-methionine diet. The diet containing 10% casein plus 3% 
L-histidine was prepared by adding 4.05% of L-histidine monohydro
chloride monohydrate plus 2.63% of sodium acetate to the 10% 
casein diet. The diets containing 10% casein plus 0.47%, 1.2%, or 
2.4% S-methy1-L-cysteine were prepared by adding 0.47%, 1.2%, or 
2.4% of S-methyl-L-cysteine, respectively, to the 10% casein diet. 
The diets containing 10% casein plus 150 IU, 300 IU, 600 IU, or 
1000 IU of vitamin A/g dry diet were prepared by adding 0.06%,
0.12%, 0.24%, or 0.4% of vitamin A palmitate (250,000 IU/g), 
respectively, to the 10% casein diet.

^Salt Mixture Rogers-Harper, U. S. Biochemicals Corp. (Rogers and 
Harper, 1965).
C0.5% of the vitamin mixture in the diet provided the rats with the 
following vitamins in mg/kg diet: DL-alphatocopherol (250 IU
vitamin E/g), 400; L-ascorbic acid, 50; vitamin (0.1% in 
mannitol), 30; niacinamide, 25; Ca-D-pantothenate, 20; vitamin A 
acetate and vitamin T>2 (500,000 IU A, 50,000 IU D2/g) * 8; 
thiamine°HC1, 5; riboflavin, 5; pyridoxine®HC1, 5; folic acid,
0.5; menadione, 0.5; d-biotin, 0.2.
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12062 x g for 10 minutes at 4°C in a Sorvall refrigerated centrifuge 
(Model RC2-B) „ Equal volumes of plasma from rats of the same experimen
tal treatment were pooled and deproteinized with 0.25 ml of 15% sulfo- 
salicylic acid per ml of plasma. The precipitated proteins were removed 
by centrifugation under the same conditions listed above. The superna
tant was used for free amino acid analysis with a Beckman Amino Acid 
Analyzer (Model 121). Sodium citrate buffer pH 2.2 was used for all 
dilutions when necessary. Plasma amino acid concentrations were cal
culated as ymoles/lOO ml of plasma.

Liver Vitamin A Analysis

After weighing the liver, a sample weighing approximately 2 g 
was removed and ground to dryness with anhydrous sodium sulfate (1:3 
w/w). The dried ground liver was placed in a flask and extracted for 60 
minutes with chloroform (15 ml for rats prefed the 10% casein diet and 
30 ml for rats prefed the 10% casein diet plus vitamin A). Flasks were 
covered with parafilm and agitated occasionally to facilitate extrac
tion. The contents of the flasks were filtered through glass wool and 
the chloroform fraction was collected. Samples were diluted with 
chloroform such that a 2-ml sample combined with 4 ml of saturated Tri
chloroacetic Acid Reagent gave an optical density reading of .100 to 
.500 (determined as the linear range from the standard curve) in a 
Coleman Junion Spectrophotometer at 620 nm (Bayfield, 1971). Percent 
recovery, measured using an internal standard, was determined to be 98.1% 
Vitamin A concentration was determined as IU per ml of solution from the
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standard curve. Accounting for sample size and dilution, vitamin A was 
calculated as yg of vitamin A/g of fresh liver.

Labeled Diets
Radioactive diets were prepared with uniformly labeled 

L-histidine (U-^C-HIS) , uniformly labeled L-methionine (U-^C-MET) , or 
methyl labeled L-methionine (CH^-^C-MET). ̂  Specific amounts used will 
be detailed in the presentation of each experiment. Dry diet was 
weighed into a large disposable syringe which had the end cut off to 
enable easy removal of the agar gel diets. The isotope was mixed with 
deionized water to form an isotope solution. In preparing the radioac
tive diets, the isotope solution and boiling 3% agar solution were added 
to the dry diet in the syringe and mixed thoroughly with a glass rod.
The diets were cooled at room temperature and stored under refrigeration 

until they were fed.

Metabolism Experiments
Metabolism experiments were run at two different periods during 

the experiment: after the prefeeding period and/or after the experimen
tal feeding period. At these times, rats were fasted for 14 hours 
before being placed in individual glass metabolism cages (Figure 2) and 

then fed a diet containing U-14C-HIS, U-14C-MET, or CH^-^C-MET.
Expired CO^ was collected at hourly intervals for 6 hours by 

trapping it in 15 ml of a solution containing ethyleneglycol

1. The labeled amino acids were purchased from New England 
Nuclear Corporation, Boston, Massachusetts.



27

Attach to 
Aspirator

CO Trap

Screen

Air
Flow
Gauge

Drierite

Urine
Collection

Flask
Drierite

Figure 2. Metabolism Cage.
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monomethylether and 2-ethanolamine (2:1, v/v)» Duplicate 2-ml aliquots 
of the CO^ trap were taken after each hour and their radioactivities 
were determined in a Packard 3200 Tri-Carb liquid scintillation spec
trometer using the scintillation fluid outlined by Jeffay and Alvarez 

(1961)o was calculated as percent of the absorbed dose. An
internal standard of ^^C-toluene was used to determine the counting 
efficiency for all samples.

After the sixth hour, rats were removed from the metabolism 
cages and anesthetized with ether. Blood was taken by exposed heart 
puncture. The liver was excised and frozen in liquid nitrogen. The 
kidneys and the gastrointestinal tract were dissected free of the carcass 
and frozen; the carcass was also frozen.

To determine the radioactivity absorbed during that 6-hour 

period, the GI tract (esophagus to rectum) was washed thoroughly with 
0.9% saline solution. The content of the GI tract was combined with the 
leftover food particles, the urine, and the feces and mixed in a Waring 
blender. The material was brought to a constant volume and then mixed 
in the blender again. Duplicate 1-ml aliquots were counted for radio
activity using the aqueous scintillation fluid described by Exton and 

Park (1967). After accounting for the dilution, the amount of radioac
tivity found was subtracted from the amount fed in the diet, thus giving 

the amount absorbed.
A solution of potassium hydroxide, deionized water, and 95% 

ethanol (KOH, 2 g; water, 3 cc; and ethanol, 5 cc) was used to digest 
the liver, kidneys, and GI tract, as well as the carcass. The kidneys
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and a weighed sample of the liver were digested in 25 ml of the solu
tion, the GI tract was digested in 50 ml of the solution, and the car

cass was digested in 600 ml of the solution. After tissues were 
completely digested (about 36 hours for tissues and 72 hours for the 
carcass) and brought to a constant volume, a 4-ml aliquot was removed 
and neutralized with 0.5 N HC1 using 1 drop of phenolphthalein (1% in 
95% ethanol) as an indicator. Duplicate 1-ml aliquots of the neutralized 
sample were combined with 10 ml of aqueous scintillation fluid. Radio
activity of the samples was determined and after accounting for the 
dilution and sample weight total radioactivity was calculated.

Adrenalectomy
Bilateral adrenalectomy was accomplished by first ether 

anesthetizing the rat and clipping the hair from the dorsal surface. A 
single.dorsal midline incision was made from anterior to posterior 
approximately 4.5 cm long to gain access to the thin musculature on 
either side of the body which covers the kidneys. Skin was loosened 
with a blunt probe and pulled to the left side. An incision approxi
mately 2 cm long was made through the muscle to expose the kidney. Care 

was taken not to damage the liver or stomach. The adrenal gland was 
located on the upper edge of the kidney, embedded in connective tissue 
and fat. The fat was lifted out through the opening, taking care not to 
harm the adrenal gland. A ligature was placed between the kidney and 
the adrenal gland before the gland was dissected free. The incision in 
the muscle was closed with 3 sutures. Next, the skin was pulled to the 
right side and the procedure was repeated. Antibiotic ointment
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applied to the sutured incision. The external incision was closed with 
5-6 sutures and antibiotic ointment was applied. On the day of the 
adrenalectomy5 animals were given 5% glucose in 1% NaCl solution in 
their water bottles and after this time they received 1% NaCl solution.

Sham operated rats were put through the same procedure as the 
adrenalectomized rats except for ligation and removal of the adrenal 
glands. Sham operated rats were used as controls for adrenalectomized 
rats to account for any shock that the surgical procedure might have 
caused in the animals. Sham operated rats were given 5% glucose on the 
day of the operation and were maintained on normal drinking water after 

that.

2. Antibiotic ointment was purchased at Walgreenvs and contained 
Bacitracin, Polymyxin, and Neomycin.



EXPERIMENTAL PROCEDURES

Preliminary experimentation showed some form of adaptation was 
necessary to produce maximum alleviation of methionine toxicity, since 
concurrent feeding of vitamin A (50, 100, 150, or 1000 lU/g dry diet) in 
a 10% casein plus 2% methionine diet did not alleviate the adverse 
effects of the methionine toxicity to the extent that prefeeding 
vitamin A did. After this observation was made, vitamin A was included 
in the 10% casein diet and given to the rats during a prefeeding period 
prior to the administration of the experimental diets.

Experiment One
Rats were divided into two groups; one group was maintained on 

10% casein diet (henceforth referred to as the control group) and the 
other group received 10% casein diet plus 1000 IU vitamin A/g dry diet 
(henceforth referred to as the vitamin A group) for 7 days. After this 
prefeeding period, the control group was subdivided into two groups 
which received 10% casein plus 2% L-methionine diet or 10% casein plus 
2% L-histidine diet. The vitamin A group was subdivided into three 
groups which received 10% casein diet, 10% casein plus 2% L-methionine 
diet, or 10% casein plus 2% L-histidine diet. After 12 days on the 
experimental diets, a metabolism experiment was conducted using the rats 
on the high histidine diet and the 10% casein diet. Animals were given 
13 g of their experimental dry diet combined with 13 ml of 3% agar
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solution. Rats on the 10% casein diet received 1 yc of U-^C-HIS, while 
rats on the 10% casein plus 2% L-histidine diet received 7 yc of 
U-^C-HIS. CO^ was trapped and radioactivity was determined. At the 
termination of the experiment 9 animals were sacrificed in the manner 
previously described. Whole blood was taken for amino acid analysis and 
the liver was excised for vitamin A determination. The GI tract was 
removed and frozen for use, along with the leftover feed, urine, and 
feces, in the determination of the absorbed dose.

Experiment Two
Rats were prefed for 9 days and then 4 rats from each of the 

control and vitamin A (1000 IU) groups were used in a forced feeding 
experiment. Animals were fed a dietary solution of 1.5 g of dry 10% 
casein plus 2% L-methionine plus 2% L-histidine diet plus 1 ml water.
Each rat received 3.58 ml (0.75 g dry diet/ml) of the liquid diet/100 g 
of body weight by gastric intubation. Animals were sacrificed 4 hours 
after the forced feeding. Whole blood was taken for amino acid analysis 
and the livers were excised, frozen, and stored for later analysis of 
vitamin A content. The remaining rats in each of the control and 
vitamin A groups were subdivided into three groups which received 10% 
casein diet, 10% casein plus 2% L-methionine diet, or 10% casein plus 2% 
L-methionine plus 3% glycine diet. On day 8 of the experimental feeding, 

vitamin A rats receiving 10% casein plus 2% L-methionine diet were 
switched to the 10% casein plus 2% L-methionine plus 3% glycine diet; 
vitamin A rats receiving 10% casein plus 2% L-methionine plus 3% glycine 

diet were switched to the 10% casein plus 2% L-methionine diet. After
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11 days on the experimental diets, rats were sacrificed with whole blood 
taken for amino acid analysis and livers removed for use in vitamin A 
determination.

Experiment Three
Rats were trained to consume an 18% casein diet within two hours 

by gradually decreasing the amount of time the diet was offered each day 
over a 2-week period. After this behavior was established, as evidenced 
by a weight stabilization or a weight gain, the rats were divided into a 
control group and a vitamin A group which received 1000 IU of vitamin 
A/g dry diet. Prefeeding diets were administered for 10 days, after 
which 4 rats from each group were used in a metabolism experiment. Each 
rat received an agar diet consisting of 10 g of 10% casein diet plus 
2 pc of U-^C-MET mixed with 11 ml of 3% agar solution. After 6 hours 

in the metabolism cages, the rats were sacrificed. Whole blood was 
taken and livers were excised for use in vitamin A determination. The 
absorbed dose was calculated after determining the radioactivity of the 
GI tract content, the leftover feed, the urine, and the feces. The 
remaining rats in the control group were subdivided into 4 experimental 
groups which received the following diets: 10% casein, 10% casein plus
3% L-methionine, 10% casein plus 3% L-methionine plus 4.5% glycine, or 
10% casein plus 3% L-histidine. The remaining vitamin A group rats were 
also subdivided into 4 groups which received the experimental diets pre

viously listed for 14 days. Rats from each experimental group, except 
those fed the 10% casein diet, were used in a metabolism experiment. 
Isotope diets were prepared in the same manner as for the prefeeding



isotope experiment except rats received their respective experimental 
diets. After 6 hours3 whole blood was taken for amino acid analysis 9 
liver was excised for vitamin A determination, and the GI tract content, 
along with feed, urine, and feces, was used for determining the amount 
absorbed. Radioactivity was determined for the carcass, GI tract, 
kidneys, and liver. Rats that were not used in the metabolism study 
were sacrificed and only the blood and the liver were taken for analysis

Experiment Four
This experiment was designed to determine the level of vitamin A 

required to alleviate the effects of methionine toxicity. Rats were 
maintained for 3 days on 18% casein diet before being divided into 4 
groups, each fed a different level of vitamin A. The prefeeding diets 
were 10% casein diet or 10% casein diet plus 150 IU, 300 IU, or 600 III 
of vitamin A/g of dry diet. Animals were fed the prefeeding diets for 

10 days. Then, all animals were placed on 10% casein plus 2% 
L-methionine diet. At the end of the experimental period, day 14, 
animals in the groups prefed at the 150 IU and 300 IU vitamin A levels 
were sacrificed for blood and liver samples. Animals from the 10% 
casein diet and 10% casein diet plus 600 IU of vitamin A prefeeding 
groups were used in a metabolism experiment. Each rat received an agar 

diet consisting of 5 g of dry 10% casein plus 2% L-methionine diet plus 

4.16 yc of U-^C-MET mixed with 5 ml of 3% agar solution. After 6 hours 
of collecting CO^, the animals were anesthetized and whole blood was 
taken by the previously described method. The liver was removed for use

34
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in vitamin A analysis. The absorbed dose was determined as well as the 
radioactivity for the carcass, GI tract, kidneys, and liver.

Experiment Five
This experiment was designed to study the metabolism of methyl- 

labeled methionine. Rats were fed a 10% casein diet for 4 days before 
being divided into two groups for prefeeding; one group was fed 10% 
casein diet and the other was fed 10% casein diet plus 1000 IU of 
vitamin A/g of dry diet for 8 days. Immediately following, 4 rats from 
each group were used in a 6-hour metabolism experiment. Each rat 
received an agar diet prepared by mixing 10 g of 10% casein plus 2% 
L-methionine diet plus 3 yc of CH^-^C-MET with 8 ml of 3% agar solu
tion. After 6 hours, the rats were sacrificed; whole blood was taken 
for amino acid analysis and the livers were excised for vitamin A deter

mination. The absorbed dose was determined as previously outlined. The 
remaining rats in the control and vitamin A groups were each subdivided 
into two groups and fed either 10% casein diet or 10% casein plus 2% 
L-methionine diet. After 14 days on the experimental diets, animals on 
the 10% casein diet were sacrificed and whole blood and livers were 
removed for analysis. Rats on the 10% casein plus 2% L-methionine diet 
were used in a metabolism experiment. Diets were prepared in the same 
manner as for the prefeeding metabolism experiment and the same measure
ments were carried out. The validity of this experiment is questionable 
because of possible errors in the preparation of the diets (vitamin 
mixture).
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Experiment Six

Preliminary work showed that a level of 2.4% S-methyl-L-cysteine 
(SMC) in a 10% casein diet would not support growth in the control or 
vitamin A prefed groups; therefore, lower levels were chosen. Rats were 
prefed for 9 days on either 10% casein diet or 10% casein diet plus 
1000 IU of vitamin A/g of dry diet. After the prefeeding period, rats 
in both the control and vitamin A groups were subdivided into three 
groups which received the 10% casein diet, 10% casein plus 0.47% SMC 
diet, or 10% casein plus 1.2% SMC diet. The experimental feeding period 
lasted 8 days. Body weight was measured daily. At the end of the 
experiment, animals were anesthetized and blood was removed for use in 

amino acid analysis.

Experiment Seven
Animals were maintained for 5 days on a 10% casein diet before 

being divided into two groups; one group continued to receive the 10% 

casein diet and the other group received the 10% casein diet plus 
1000 IU of vitamin A/g of dry diet. After 10 days of prefeeding, half 
of the rats in the control group and half of the rats in the vitamin A 
group were bilaterally adrenalectomized. The remaining rats in each 
group were sham operated. A 6-day period after the surgery was allowed 
for recovery with rats remaining on their prefeeding diets. After this 
time, all animals received the 10% casein plus 2% L-methionine diet for 
13 days. Rats in the vitamin A group continued to receive 1000 IU of 
vitamin A/g dry diet throughout the experimental period. At the end of 
the experimental period, rats were fasted for 24 hours. After fasting.
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rats received 2 ml/100 g of body weight of a 0.864% L-glutamic acid 
solution (w/v) by intraperitoneal injection,, Animals were sacrificed 
1 hour after the injection. Blood samples were taken and livers were 

removed for use in vitamin A determination.



RESULTS AND DISCUSSION

Growth and Food Intake
Prefeeding levels of vitamin A in the 10% casein diet did not 

appreciably affect growth of the rats. In instances where ingestion of 
high levels of vitamin A did cause a slight decrease in weight gain when 
compared to control group rats, the difference was not significant.

Control group rats which received 10% casein plus 2% L-methionine 
or 2% L-histidine diet showed depressed growth over the respective 
vitamin A prefed groups (Figure 3). Accounting for the original differ
ence in body weights, the difference seen between control and vitamin A 
group rats receiving the high histidine diet was not significant; how
ever, the difference between control and vitamin A group rats was sig
nificant for rats receiving the high methionine diet. No adaptative 
period was necessary for growth in control or vitamin A groups rats fed 
a 10% casein diet supplemented with 2% L-histidine. When control group 
rats were fed 10% casein plus 2% L-methionine diet, a 4-day period of 
adaptation was necessary before growth occurred. The vitamin A group 
rats showed growth after day 2 on the high methionine diet.

As shown in Figure 4, the food intake curves reflect the growth 
patterns presented in Figure 3. Food intake of the vitamin A group rats 
on the 2% methionine diet showed a steady increase over the 12-day 
experimental period. Increased food intake appears to explain the 

increased growth of this group. Control group rats on the high
38
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Figure 3. Comparison of Average Daily Weight Gain of Rats Fed High
Histidine or High Methionine Diets after a 7 Day Prefeeding 
Period.
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methionine diet showed food intake values which fluctuated within a con
stant range.

Addition of 2% methionine to the 10% casein diet caused a growth 
decrease in both control and vitamin A group rats compared to their 
respective groups on the 10% casein diet (Figure 5); however, growth of 
the vitamin A group rats was depressed to a lesser extent. Growth of 
the control group rats fed the 2% methionine diet was depressed for 5 
days before adaptation occurred. Vitamin A group rats fed the 2% 
L-methionine diet showed an adaptation period of only one day. Addition 
of 3% glycine to the 10% casein plus 2% methionine diet significantly 
improved the growth of control group rats compared with those fed the 
10% casein plus methionine diet alone. Growth of the vitamin A group 

rats on the 10% casein plus 2% methionine diet was not significantly 
improved by the addition of 3% glycine to the diet. This may indicate 
that glycine and vitamin A act primarily or secondarily at the same 
site. There is also the possibility that since glycine is converted to 
serine before entering the methionine degradation pathway that vitamin A 
interferes with this conversion and therefore glycine supplementation is 
not as beneficial in vitamin A prefed rats. The dietary switch on day 8, 
between vitamin A group rats receiving the 10% casein plus 2% methionine 
diet and the 10% casein plus 2% methionine plus 3% glycine diet, resulted 
in a continued increase in growth for rats previously on the high 
methionine diet and an immediate one day decrease in growth for rats 
previously on the high methionine plus glycine diet. These results are 

consistent with those obtained by Benevenga and Harper (1970).



190

180

170

160

150

140

130

120

110

0

5.

42

control groups
----  vitamin A groups (1000 IU)

10% casein

(4)

A 1 (4)

(5)
(4)

(5)

Comparison of Average Daily Weight Gain of Rats Fed High
Methionine Diet With or Without Glycine Supplementation after
a 9 Day Prefeeding Period.
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Figure 6 depicts the average daily food intake of the rats 
described in Figure 5. The food intake curves directly reflected the 
growth patterns discussed previously. The effects of the dietary switch 
are especially evident in the food intake patterns.

Average daily body weight of train fed rats is shown in Figure 7. 
There is no significant difference between vitamin A group rats fed any 
of the three diets and their respective control group rats fed the same 
diet. There was an initial one day increase in body weight followed by 
a sharp decrease. The first day increase in body weight was probably a 
result of the train feeding. Since the rats were only fed for 2 hours 
per day, the time was too short for them to respond to an adverse change 
in the diet by decreasing food intake until the second day. This 
supports the aminostatic hypothesis of food intake regulation put forth 
by Peng and Harper (1970). Control rats on the 10% casein plus 3% 
methionine diet were the only rats to show an extended adaptation period 
after the initial decrease in body weight. After the fifth day, growth 
of these rats showed a very slight increase.

Figure 8 shows that food intake of train fed rats decreased 
sharply after the first day in all groups except control and vitamin A 
group train fed rats on the 10% casein diet. Food intake increased 
after day 3 for all groups which initially showed the sharp decrease; 
however, the food intake of the control group rats fed the 3% methionine 

diet was somewhat lower than for other groups. Food intake was measured 
for 11 days of the 14-day experimental period.
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control groups

--- vitamin A groups (1000 IU)

10% casein

10% casein + 2% MET
+ 3% GLY

casein + 2% MET

DAYS

(5)

(5)

(4)
(4)

(4)

(5)

Figure 6. Comparison of Average Daily Food Intake of Rats Fed High
Methionine Diet With or Without Glycine Supplementation after 
a 9 Day Prefeeding Period.
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Figure 7. Comparison of Average Daily Weight Gain of Train Fed Rats Fed
High Methionine Diet With or Without Glycine Supplementation
after a 10 Day Prefeeding Period.
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Figure 8. Comparison of Average Daily Food Intake of Train Fed Rats Fed
High Methionine Diet With or Without Glycine Supplementation
after a 10 Day Prefeeding Period.



47
Although the minimum level of vitamin A necessary to alleviate 

methionine toxicity has not been established«, Figure 9 illustrates 
growth patterns of rats fed at various levels of vitamin A. Rats which 
were prefed successively higher levels of vitamin A (1505 300, and 600 
IU) showed a statistically greater weight gain on the 10% casein plus 2% 
L-methionine diet compared to control group rats fed the same diet.
There was no significant difference between growth of rats prefed at 
150 IU and 300 IU of vitamin A/g diet; the group prefed at 600 IU 
vitamin A/g diet showed a significantly greater weight gain when com
pared to either of those two groups. The period of adaptation was 
slightly shorter for vitamin A prefed groups compared to that of the 
control group.

Table 3 depicts the total food intake over a 12-day period for 

the rats described in Figure 9. With successively higher levels of 
vitamin A in the prefeeding diets, there was successively greater total 
food intake. There was no statistically significant difference between 
food intake of the various vitamin A groups; however, the food intake of 
the control group was significantly less than that of all of the 
vitamin A groups. The increased growth observed in Figure 9 appeared to 
be directly related to the successively greater intake of the 10% casein 
plus 2% methionine diet by rats prefed with successively higher levels 

of vitamin A.
Growth and food intake of control and vitamin A group rats on 

the 10% casein diet or 10% casein plus 2% methionine diet are shown in 
Figures 10 and 11. There was no significant difference between weight
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Table 3« Average Total Food Intake per Rat per 12 
Days of the Experimental Feeding Period 
after Prefeeding for 10 Days at Various 
Levels of Vitamin A,a

Prefeeding Group Food Intake (g)b

10% casein
150 IU vitamin A/g diet 
300 IU vitamin A/g diet 
600 IU vitamin A/g diet 

^Average of 5 rats/group.
All animals received 10% casein plus 2% methionine 
diet.

Mean ± S.E. 
138.2 ± 3.6
162.9 ± 7.6
172.1 ± 12.8
178.1 ± 4.8
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gain of vitamin A group rats receiving 10% casein diet and 10% casein 
plus 2% methionine diet when compared to their respective control 
groupse Both groups on the high methionine diet showed significantly 
lower weight gain than their respective groups on the 10% casein diet. 
The weight decrease of the high methionine groups on day 14 was due to 
overnight fasting.

The average daily food intake of Figure 11 reflects the growth 
curves for the rats described in Figure 10. The same statistical rela

tionships were valid.
In Figure 12, the addition of 0.47% and 1.2% of S-methyl-L- 

cysteine (SMC) to the 10% casein diet caused successively greater levels 
of growth depression, respectively, compared to the rats on the 10% 
casein diet in both control and vitamin A group rats. The differences 
in growth due to differences in the SMC level of the diet were statisti
cally significant for control and vitamin A group rats; however, growth 
of control and vitamin A group rats on the same diet was not signifi
cantly different for any of the three diets. It has been speculated 
that SMC is metabolized via an S-adenosylmethionine independent pathway 
(Case and Benevenga, 1976). Since vitamin A prefeeding partially alle

viated methionine toxicity, but did not alleviate SMC toxicity, this 
suggests that the beneficial effects of vitamin A are not related to the 

SAM independent pathway.
Growth of adrenalectomized and sham operated control and 

vitamin A groups rats is shown in Figure 13. The vitamin A group rats 
showed a statistically significant growth change when compared to
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Figure 13. Comparison of Average Daily Change in Body Weight of Sham 
Operated and Adrenalectomized Rats Fed 10% Casein Plus 2% 
Methionine Diet after a 10 Day Prefeeding Period.
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control rats of the same surgical treatment» The weight decrease on day 
14 was due to 24-hour fasting.

Food intake of the rats described in Figure 13 is shown in 
Figure 14. Food intake curves reflected the growth curves in that food 
consumption increased steadily with time; however, due to the fact that 
a day 0 food intake was not measured, an initial decrease in food 
intake, if any, could not be observed. The data from this experiment 
indicate that the adrenal glands, and therefore gluccocortoids, are 
probably not involved in the alleviation of methionine toxicity by 
vitamin A since removal of the adrenal glands did not prevent allevia
tion of the growth depression due to excessive dietary methionine 
intake.

The water intake of adrenalectomized and sham operated rats is 

given in Table 4. Although there was no difference between control and 
vitamin A group rats after the same surgical treatment, adrenalectomized 
rats of both groups consumed significantly greater amounts of water than 

the sham operated rats of both groups.

Liver Vitamin A
Table 5 shows the levels of vitamin A in the liver after pre

feeding periods of various lengths, as well as after experimental 
periods. Since there was no significant difference in the liver 
vitamin A levels as a result of the type of experimental diet ad libitum 

fed, these values were expressed as an averaged experimental period 
value, except for experiment 2 which shows a dietary breakdown. Feeding 
of high methionine (3%) diet to train fed rats resulted in increased
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Table 4, Two Day Water Intake of Sham Operated and
Adrenalectomized Rats in Control and Vitamin A 
Groups after Feeding 10% Casein Plus 2% 
Methionine Diet.a

_____  Water Intake (ml)________
Status of Animal Control Group Vitamin A Group

----------  Mean ± S.E. ----------

Sham operated 52.0 ± 5,2 .50.0 ±. 9.3
Adrenalectomized 77.0 ± 6.1 89.0 ± 6.9
^Average of 5 rats/group.



Table 5. Liver Storage of Vitamin A. —  In yg/g fresh liver.

Prefeeding Levels of 
Vitamin A/g Diet

Prefeeding3
Period

Exp eriment aiP 
Period

Mean ± S.E .

Ad Libitum Groups 
Experiment 1 (7 days) (12 days)

Control 13.6 ± 1.3 (3) c 14.6 ± 1.1 (4)
Vitamin A (1000 IU) 3157 ± 279 (3) 2864 ± 187 (4)

Experiment 2 (9 days) (11 days)

Control 12.2 ± 0.5 (4)
11.5 ± 
13.1 ±

1.6 (4)e 
0.6 (5)f

12.1 ± 0.9 (5)§ 
3058 ± 418 (4)f

Vitamin A (1000 IU) 4598 ± 878 (4) 3067 ± 152 (5)f 
3294 ± 354 (4)§

Experiment 4 (10 days) (14 days)
Control 6.9 ± 0.9 (5)
Vitamin A (150 IU) — — 1020 ± 27 (5)

(300 IU) —- 2661 ± 323 (5)
(600 IU) — 4192 ± 175 (5)

Experiment 5 (8 days) (14 days)
Control — 11.0 ± 2.1 (5)
Vitamin A (1000 IU) — 3795 ± 279 (6)

Experiment 7d (16 days) (14 days)
Control — 7.2 ± 0.6 (9)
Vitamin A (1000 IU) — 9980 ± 460 (14)

Train Fed Groups
Experiment 3 (10 days) (14 days)

7.1 ± 0.4 (3)3
Control 12.0 ± 1.7 (3) 22.1 ± 2.8 (5)h 

7.0 (2)1



Table 5, Continued.

Prefeeding Levels of 
Vitamin A/g Diet

Prefeedinga
Period

Experimental^
Period

Vitamin A (1000 IU) 3402 ± 450 (3)
2596 ± 140 
5398 ± 420 
2436

(3)e
(6)1)
(2)1

^Rats were fed the levels of vitamin A indicated for the number of 
days listed in the parentheses under the prefeeding period column.
Rats were fed various diets for the number of days indicated in 
the parentheses under the experimental period column. Composition 
of the experimental diet did not affect the level of vitamin A 
storage in the liver of ad libitum fed rats. Experiment 2 has 
been divided into diet groups to show this. Train fed rats stored 
a greater amount of vitamin A after high methionine feeding.
^Number of rats averaged.
During the experimental period, only the adrenalectomized and sham 
operated rats continued to receive vitamin A at the prefeeding 
levels. All other experimental rats received vitamin A at the 
control level.
6Rats were fed 10% casein diet.
£Rats were fed 10% casein plus 2% methionine diet.
^Rats were fed 10% casein plus 2% methionine plus 3% glycine diet.
Rats were fed 10% casein plus 3% methionine diet.
^Rats were fed 10% casein plus 3% methionine plus 4.5% glycine
diet.
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deposition of vitamin A in the liver. This is probably a result of the 
feeding methods as vitamin A storage in ad libitum fed rats did not 
reflect a difference for high methionine consumption. There was consid
erable individual variation in all groups as evidenced by the standard 
error calculations. The levels of vitamin A in the liver were shown to 
increase with successively higher levels of vitamin A (150, 300, and 
600 IU) in the prefeeding diets.

Plasma Amino Acids
The tables discussed in this section show the concentrations of 

plasma amino acids, expressed as ymoles per 100 ml plasma, after feeding 
of various diets during the prefeeding and the experimental periods.

When rats were prefed for 7 days on 10% casein diet or 10% casein 
diet plus 1000 IU vitamin A/g diet (Table 6), the amino acid concentra
tions were generally lower in the vitamin A group rats, with the excep
tion of increased levels of glycine, glutamic acid, and arginine. The 
methionine concentration was 2.5 times higher in the control fed rats 

compared to the vitamin A fed rats.
Table 7 shows plasma amino acid levels after 14 days on various 

experimental diets following the prefeeding period of the rats described 

in Table 6. In rats fed the 10% casein plus 2% histidine diet, the 
histidine level was 2.5 times higher in the control group rats than the 
vitamin A group rats. Serine level decreased somewhat in the vitamin A 

rats, while threonine, glycine, &nd cystine levels increased slightly»
In rats fed the 10% casein plus 2% L-methionine diet, the level 

of methionine was about 2 times higher in the control group rats



Table 6. Concentrations of Plasma Amino Acids after 7 
Days Prefeeding of 10% Casein Diet or 10% 
Casein Diet Plus 1000 IU Vitamin A per Gram of 
Dry Diet»a

Amino Acid Control Group Vitamin A Group

ymoles/lOO ml plasma
Lysine 86.29 55.78
Histidine 11.40 8.61
Arginine 8.09 10.39
Aspartic acid 4.19 2.94
Threonine 8.86 4.68

Serine 111.88 89.30
Glutamic acid 14.35 19.84

Proline 38.70 18.01

Glycine 19.40 28.08

Alanine 83.31 45.48

Cystine 5.98 3.49

Valine 16.73 9.81

Methionine 11.90 4.81

Isoleucine 9.75 6.29

Leucine 16.81 12.25

Tyrosine 12.48 5.09
Phenylalanine 6.19 4.44

^Pooled sample of 3 rats/group



Table 7« Concentrations of Plasma Amino Acids after 12 Days 
Experimental Feeding of High Histidine or High 
Methionine Diets.a

Vitamin A Groups

Amino Acid

Control Groups (1000 IU)
10% C+ 
2% HIS

10% c+
2% MET 10% C

10% C+ 
2% HIS

10% C+ 
2% MET

--- ymoles/100 ml plasma ----

Lysine 68-89 72.23 75.34 69.98 79.09
Histidine 125.49 10.72 10.26 50.72 11.21

Arginine 8.96 10.92 10.02 10.53 9.19
Aspartic acid 1.93 20.06 2.99 2.99 11.61
Threonine 11.83 37.25 16.87 14.55 21.76

Serine 111.45 116.78 102.10 102.90 90.70
Glutamic acid 13.20 10.72 15.21 18.06 16.89

Proline 53.36 56.85 63.22 57.12 57.67

Glycine 10.81 14.40 22.88 12.96 10.68

Alanine 90.34 107.75 108.76 105.44 116.93

Cys tine 7.77 24.88 11.07 11.20 23.89

Valine 18.06 12.31 21.96 20.24 12.75

Methionine 13.77 240.00 13.90 12.66 117.59

Iso leucine 9.87 10.72 11.35 10.80 12.42

Leucine 15.35 10.81 18.34 16.38 11.97

Tyrosine 7.09 7.28 15.65 12.87 11.13

Phenylalanine 5.21 4.96 6.53 5.77 4.94

^Pooled samples of 3 rats/group*
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compared to the vitamin A group rats. The levels of threonine, serine, 
and glycine were decreased somewhat in the vitamin A group rats compared 

to the control group rats.
The plasma amino acid levels of rats force-fed a 10% casein plus 

2% L-histidine plus 2% L-methionine diet are shown in Table 8. The 
histidine levels did not differ greatly between control and vitamin A
group rats; however, the level of methionine in the vitamin A group rats
was only 63% of that in the control group rats. Similar to observations 
made concerning high methionine fed rats in Table 7, force-fed rats 
showed decresed serine and glycine levels in vitamin A group rats, 

however, a slightly increased threonine level.
Tables 9 and 10 compare the amino acid levels of control and 

vitamin A group rats fed 10% casein, 10% casein plus 2% L-methionine, or

10% casein plus 2% L-methionine plus 3% glycine diets. The diets listed
in Table 10 are the diets that rats were receiving at the end of the 
experimental period (after the dietary switch). ,

Table 9 shows the plasma amino acid concentrations of control 
fed rats. The plasma methionine level in the glycine supplemented rats 
decreased compared to the rats on the high methionine diet without 
glycine. The glycine level is elevated due to dietary supplementation. 
Increased serine levels are also evident in the rats receiving glycine 

in the diet.
Table 10 shows plasma amino acid concentrations of vitamin A 

group rats. There was a dramatic decrease in the methionine level after 
glycine supplementation compared to the rats on high methionine diet



Table 8. Concentrations of Plasma Amino Acids 4 Hours 
after Force Feeding Rats a 10% Casein Plus 2% 
Methionine Plus 2% Histidine Diet after a 9 Day 
Prefeeding Period.,a

Amino Acid Control Group
Vitamin A Group 

(1000 IU)

- ymoles/100 ml plasma
Lysine 103.08 70.68
Histidine 106.20 110.13
Arginine 8.09 7.60
Aspartic acid 9.87 7.61
Threonine 14.48 17.41
Serine 133.10 98.79
Glutamic acid 12.99 11.36
Proline 66.07 54.82

Glycine 16.87 14.72

Alanine 151.08 143.96

Cystine 10.89 10.96

Valine 14.71 13.64
Methionine 206.75 130.68

Isoleucine 10.90 11.61

Leucine 13.32 12.63

Tyrosine 8.38 9.54
Phenylalanine 4.94 5.09

^Pooled samples of 4 rats/group.
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Table 9* Effect of Glycine Supplementation on Concentrations of 

Plasma Amino Acids in Control Fed Rats after 11 Days 
Experimental Feeding,a

Amino Acid 10% Casein
10% Casein 
+ 2% MET

10% Casein 
+ 2% MET 
+ 3% GLY

— ymoles/100 ml plasma
Lysine 65.17 41.27 66.05
Histidine 7.21 5.12 7.72

Arginine 8.11 5.39 4.96

Aspartic acid 1.72 10.71 1.43

Threonine 11.14 19.89 9.22

Serine 79.09 49.17 137.85
Glutamic acid 16.90 11.10 19.95

Proline 42.08 15.66 37.94

Glycine 16.68 12.23 205.29

Alanine 56.84 36.92 62.56

Cystine 6.50 8.52 8.90

Valine 11.96 4.95 8.83

Methionine 48.11 79.41 57.26

Isoleucine 7.51 4.80 6.84

Leucine 10.90 6.84 8.87

Tyrosine 9.77 3.33 6.06

Phenylalanine 3.80 2.53 3.56

^Pooled samples of 5 rats/group.



Table 10. Effect of Glycine Supplementation on Concentrations of
Plasma Amino Acids in Vitamin A Fed Rats (1000 IU) after 
11 Days Experimental Feeding.a

Amino Acid 10% Casein
10% Casein 
+ 2% MET

10% Casein 
+ 2% MET 
+ 3% GLY

Lysine 63.97

- pmoles/100 ml plasma - 
99.37 60.32

Histidine 7.93 10.47 7.81

Arginine 7.62 10.95 5.59
Aspartic acid 2.35 33.88 2.46

Threonine 9.17 21.45 7.09 .
Serine 70.01 90.86 122.83

Glutamic acid 20.33 27.53 24.79

Proline 31.04 42.28 30.64

Glycine 19.02 16.69 167.68

Alanine 64.63 73.95 55.32

Cys tine 5.56 23.89 8.13

Valine 11.68 9.72 9.71

Methionine ■ 7.26 181.59 23.97

Isoleucine 7.22 8.37 8.11

Leucine 10.91 10.75 11.32

Tyrosine 9.19 6.95 5.34

Phenylalanine 4.22 4.82 3.95

^Pooled samples of 5 rats/group.
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without glycine. Serine levels show a successive increase from the 10% 
casein diet to the 10% casein diet plus 2% methionine plus 3% glycine 
diet.

Plasma amino acid concentrations of train fed control and 
vitamin A group rats used in a metabolism experiment after the prefeeding 
period are shown in Table 11, Two different diets were fed: 10% casein
or 10% casein plus 3% L-methionine, There were no significant differ
ences in most of the amino acid levels of the control and vitamin A 
group rats fed the 10% casein diet; however, there was a slight increase 
in the alanine level of the vitamin A group rats. Similarly, rats on 

the 10% casein plus 3% L-methionine diet showed little difference in 
most of the amino acid concentrations between control and vitamin A 
group rats. Alanine and cystine levels were increased slightly in the 
vitamin A group rats, while the level of methionine decreased; however, 
the significance of these changes cannot be assessed since there were 

only 2 rats per group.
Tables 12 through 15 show the plasma amino acid concentrations 

of control and vitamin A group train fed rats used in a metabolism 
experiment after the experimental feeding of three different diets.

Following the 14-day experimental feeding period, the methionine 
level of control group rats fed 10% casein plus 3% L-methionine diet was 

32% higher than the methionine level of vitamin A group rats on the same 
diet (Table 12). This difference, however, was not statistically 

significant.
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Table 11. Concentrations of Plasma Amino Acids in Control and

Vitamin A Train Fed Rats after 10 Days Prefeeding and 6
Hours after Receiving 10% Casein Diet3- or 10% Casein Plus
3% Methionine Diet^.

Amino Acid

Control Groups
Vitamin A Groups 

(1000 IU)
10%

Casein
10% c+
3% MET

10%
Casein

10% C+ 
3% MET

U1_L p_i_a.Qiii.ci

Lysine 53.62 54.89 51.18 39.49
Histidine 8.49 10.89 10.70 10.47
Arginine 5.15 5.81 5.56 5.23

Aspartic acid 2.63 14.17 2.66 10.13

Threonine 6.31 8.04 10.14 9.54

Serine 108.20 129.46 102.07 125.64

Glutamic acid 10.56 10.00 11.47 15.79

Proline 48.03 45.19 55.85 52.54

Glycine 18.35 22.78 19.53 17.61

Alanine 77.23 76.88 97.36 112.60

Cystine 7.71 17.53 8.51 26.57

Valine 15.14 6.08 17.35 9.02

Methionine 10.73 327.03 11.70 ■ 207.83

Isoleucine 9.12 8.10 9.59 11.05

Leucine 14.11 7.83 15.05 9.99

Tyrosine 8.01 4.37 9.85 5.25

Phenylalanine 3.97 3.03 4.27 3.26

^Average of 4 rats/group, 
kAverage of 2 rats/group.



Table 12, Concentrations of Plasma Amino Acids in Train
Fed Rats after 14 Days Experimental Feeding of
10% Casein Plus 3% Methionine Diet,a

Amino Acid Control Group
Vitamin A Group 

(1000 IU)

ymoles/100 ml plasma
Lysine 63.03 59.37
Histidine 9.66 10.17
Arginine 9.57 10.45
Aspartic acid 61.63 52.71
Threonine 45.58 57.27

Serine 96.30 92.85

Glutamic acid 10.57 9.49

Proline 45.57 43.35
Glycine 13.72 13.68

Alanine 81.12 82.90

Cystine 15.05 17.60

Valine 10.40 12.12

Methionine 222.18 151.9

Isoleucine 12.38 14.97

Leucine 11.38 12.61
Tyrosine 5.28 5.96
Phenylalanine 4.55 5.60

^Average of 3 rats/group.



Table 13, Concentrations of Plasma Amino Acids in Train
Fed Rats after 14 Days Experimental Feeding of
10% Casein Plus 3% Methionine Plus 4,5%
Glycine Diet,a

Amino Acid Control Group
Vitamin A Group 

(1000 IU)

Lysine
------ pmoles/100 ml plasma-------

59.50 60.09
Histidine 8.12 8.56
Arginine 6.39 4.81
Aspartic acid 4.13 4.78
Threonine 14.64 10.57
Serine 136.93 149.72

Glutamic acid 11.55 12.24

Proline 42.21 41.07
Glycine 199.28 200.86

Alanine 58.78 58.57

Cystine 10.50 10.91

Valine 10.38 8.61

Methionine 48.38 51.87

Isoleucine 10.05 9.63

Leucine 13.20 11.18

Tyrosine 5.11 4.56

Phenylalanine 5.29 4.38

^Average of 3 rats/group.



Table 14. Concentrations of Plasma Amino Acids in Train
Fed Rats after 14 Days Experimental Feeding of
10% Casein Plus 3% Histidine Diet.a

Amino Acid Control Group
Vitamin A Group 

(1000 IU)

Lysine

------ pinoles/100 ml plasma-------

32.05 48.41
Histidine 27.36* 77.14

Arginine 5.27 6.77

Aspartic acid 1.55 1.93
Threonine 3.83 7.91
Serine 77.57 94.94

Glutamic acid 8.09 11.08

Proline 23.55 39.00

Glycine 15.68 12.55

Alanine 38.77 79.59

Cystine 4.13 5.93

Valine 5.69 9.16

Methionine 5.57 9.39

Isoleucine 4.95 6.41

Leucine 8.50 11.46

Tyrosine 2.71 4.96

Phenylalanine 3.71 3.06

^Average of 3 rats/group.
*p < 0.05.
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Table 15» Concentrations of Plasma Amino Acids in Rats after 14

Days Experimental Feeding of 10% Casein Plus 2%
Methionine Diet.

Vitamin A Groups
Amino Acid

L.UI1LJLUX
Group 150 IUb 300 IUb 600 IUa

—  11 Tn o  o /TOO m  T|aulU-LCb / _LuU 1I1X prasma
Lysine 67.76 97.29 75.03 58.53

Histidine 13.13 — 8.26 13.27
Arginine 7.72 8.58 8.34 8.04
Aspartic acid 5.39 13.89 15.08 3.84

Threonine 39.14 39.49 37.27 21.77

Serine 96.44* 94.68 94.97 82.63*

Glutamic acid 9.33 24.25 20.94 10.77

Proline 49.99 58.62 50.24 47.15

Glycine 20.10 15.12 14.68 17.86

Alanine 101.97 110.55 101.99 98.60

Cystine 13.69 26.28 24.11 11.53

Valine 9.94 15.31 15.07 9.06

Methionine 100.54** 123.40 108.15 29.67**

Isoleucine 8.98 11.92 11.56 8.37

Leucine 12.07 14.69 15.24 10.63

Tyrosine 6.87 10.52 9.24 8.46

Phenylalanine 6.23 9.68 9.31 6.26

Average of 5 rats/group.
Pooled samples of 4 rats/group, 
*p < 0.05.

**p < 0.01.
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When 4.5% glycine was added to the 10% casein plus 3% 

L-methionine diet (Table 13), plasma methionine levels of control and 
vitamin A group rats were observed to decrease further when compared to 
their respective prefeeding groups in Table 12«, while plasma glycine 
levels increased 28-fold in both groups. The percentage decrease in the 
methionine levels was greater for the control group rats than for the 

vitamin A group rats. Serine was observed to increase slightly in the 
vitamin A group rats. Plasma amino acid levels of the control group 

rats and the vitamin A group rats fed the high methionine plus high 
glycine diet showed no statistically significant difference.

Table 14 depicts the plasma amino acid levels of control and 
vitamin A group rats after 14 days of receiving 10% casein plus 3% 
L-histidine diet. Vitamin A group rats showed increases in the plasma 
amino acid levels of histidine, serine, proline, and alanine when com
pared to the control group rats. The lower level of histidine observed 
in the control group rats was statistically significant. This may 
reflect on the specificity of vitamin A in alleviating amino acid 

toxicities.
The effect of 10% casein plus 2% L-methionine diet on plasma 

amino acid concentrations of rats prefed at various levels of vitamin A 
is shown in Table 15. There was little difference between amino acid 
levels of rats prefed at 150 IU and 300 IU of vitamin A/g dry diet, 

except.for slight decreases in lysine and methionine levels in rats in 
the 300 IU group. When compared to the control group rats, lysine and 
methionine levels were elevated in both the 150 IU and 300 IU groups.
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Although these levels of vitamin A partially alleviate growth depression 
caused by ingestion of a 2% methionine diet (Figure 9) * they cannot 
reduce the plasma methionine levels effectively.

Statistically significant decreases were seen in serine and 
methionine levels of the 600 IU group rats when compared to the control 
group rats. Threonine was the only other amino acid to show an appre
ciable decrease in this vitamin A group.

Plasma amino acid levels of control and vitamin A group rats 
used in a metabolism experiment (CH -^C-MET label) after the prefeeding 
period are shown in Table 16. There was little difference in the amino 
acid levels of control and vitamin A group rats with the exception of a 
significantly lower level of alanine in the control group rats. Methio
nine was only slightly decreased in the vitamin A group rats.

Table 17 shows plasma amino acid levels for rats used in a 
metabolism experiment after the experimental feeding period corre
sponding to the prefeeding data presented in Table 16. The amino acid 
pattern in these rats is similar to that observed in the prefeeding rats 
when comparing the control group to the vitamin A group rats. The most 
significant difference observed between prefeeding rats and experimental 
rats was the increase in methionine levels observed in rats after 
receiving the 10% casein plus 2% 1-methionine diet for 14 days.

The plasma amino acid concentrations of control group rats fed 

10% casein diet or 10% casein plus 0.47% or 1.2% S-methyl-L-cysteine 
(SMC) diet are shown in Table 18. The concentrations of serine and 

phenylalanine successively increased with levels of SMC in the diet.
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Table 16. Concentrations of Plasma Amino Acids in

Control and Vitamin A Fed Rats after 8 Days 
Prefeeding and 6 Hours after Receiving 10% 
Casein Plus 2% Methionine Diete a

Amino Acid Control Group
Vitamin A Group 

(1000 IU)

Umoles/100 ml plasma
Lysine 59.54 58.39
Histidine 8.25 10.24
Arginine 9.96 9.43
Aspartic acid 6.48 6.06
Threonine 38.66 19.93

Serine 91.12 101.21

Glutamic acid 7.64 12.57

Proline 52.73 63.77

Glycine 15.66 15.81
Alanine 97.82* 136.22

Cystine 12.68 15.65

Valine 9.43 9.49

Methionine 128.53 123.64

Isoleucine 11.25 12.25

Leucine 11.20 11.95

Tyrosine 5.76 10.56

Phenylalanine 4.41 4.09

^Average of 4 rats/group»
*p < 0.01.
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Table 17. Concentrations of Plasma Amino Acids in

Control and Vitamin A Fed Rats after 14 Days. 
Experimental Feeding of 10% Casein Plus 2% 
Methionine Diet and 6 Hours after Receiving 
10% Casein Plus 2% Methionine Diet.a

Amino Acid Control Group
Vitamin A Group 

(1000 IU)

Lysine
— ------ymoles/lOO ml plasma-------

82.10 70.07
Histidine 11.25 13.10

Arginine 7.55 7.23
Aspartic acid 7.51 11.04
Threonine 12.35 9.21

Serine 88.54 85.49
Glutamic acid 15.60 17.59
Proline 52.92 68.64
Glycine 18.27 14.04

Alanine 89.51* 114.79 •
Valine 10.65 10.82

Cystine 5.44 9.92

Methionine 222.58 202.52

Isoleucine 6.85 9.81

Leucine 9.10 11.46

Tyrosine 6.99 8.96

Phenylalanine 3.87 4.99

^Average of 4 rats/group.
*p < 0.05.
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Table 18. Concentrations of Plasma Amino Acids in Control Fed Rats 

after 8 Days Experimental Feeding of 10% Casein Diet or 
10% Casein Plus S-Methyl-Cysteine (SMC) Diets.a

Amino Acid 10% Casein
10% Casein 
+0.47% SMC

10% Casein 
+ 1.2% SMC

Lysine 59.94

—  ymoles/100 ml plasma —  

48.79 61.23
Histidine 10.64 8.42 11.34

Arginine 11.50 8.63 10.08

Aspartic acid 1.80 1.89 1.16

Threonine 19.65 18.84 34.92

Serine 97.64 123.94 137.69
Glutamic acid 11.81 12.21 10.44

Proline 57.82 110.63 168.30

Glycine 21.08 18.98 26.94
Alanine 86.08 64.96 83.68

Cystine 7.12 10.20 10.14

Valine 19.18 16.60 20.86

Methionine 13.76 7.90 10.35

Isoleucine 9.92 9.35 10.01

Leucine 15.98 12.21 15.08

Tyrosine 15.67 8.-45 8.66

Phenylalanine 5.64 15.36 32.49

^Pooled samples of 5 rats/group.
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The proline peak was also found to be higher; however9 that peak was 
overlapped by the SMC peak9 and thus it is not known whether the proline 
concentration was increased by SMC feeding. The serine level was 1.3 
and 1.4 times higher in the 0.47% and 1.2% SMC diets9 respectively9 when 
compared to rats on the 10% casein diet.

Vitamin A group rats (Table 19) showed amino acid patterns simi

lar to the control group rats in that only phenylalanine and serine were 
noticeably changed by inclusion of SMC in the 10% casein diet. Rats on 
the 0.47% and 1.2% SMC diets showed levels 1.2 and 1.4 times higher9 
respectively9 when compared to rats on the 10% casein diet. The 
remaining amino acids showed little variation in control or vitamin A 
group rats on any of the 3 diets with the exception of tyrosine which 
was observed to decrease at both SMC levels.

Although the rats in Table 20 were fasted 24 hours prior to 
sacrificing9 it can be noted that the levels of serine and methionine in 
the vitamin A group rats of both surgical treatments are slightly lower 
than their respective control group rats. Amino acid patterns of rats 
in both surgical treatments were similar within the same prefeeding 

group.
Prefeeding rats excessive amounts of vitamin A prior to feeding 

diets containing high levels of amino acids resulted in changes in plasma 
amino acid concentrations. Methionine levels were observed to decrease 
in rats fed high vitamin A compared to the control group rats. This 
occurred in most of the experiments with the exception of train fed rats 
fed 10% casein diet (Table 12). Force feeding of a 10% casein plus 2%



Table 19, Concentrations of Plasma Amino Acids in Vitamin A Fed
Rats (1000 IU) after 8 Days Experimental Feeding of 10% 
Casein Diet or 10% Casein Plus S-Methy1-Cysteine (SMC) 
Diets.a

Amino Acid 10% Casein
10% Casein 
+0.47% SMC

10% Casein 
+1.2% SMC

Lysine 66.38
- pmoles/lOO ml plasma —  

54.06 62.62

Histidine 11.61 9.06 13.19

Arginine 8.64 9.45 8.87
Aspartic acid 1.64 2.21 1.51

Threonine 18.90 22.45 27.05

Serine 97.79 119.04 141.73

Glutamic acid 13.18 13.64 13.26

Proline 56.88 100.16 186.81

Glycine 24.30 26.20 27.09

Alanine 91.01 82.24 93.47

Cystine 7.06 10.38 9.11

Valine 18.08 17.32 23.76

Methionine 12.39 7.80 12.00

Isoleucine 9.65 9.90 10.77

Leucine 14.50 12.63 28.37

Tyrosine 15.53 9.95 9.68

Phenylalanine 5.06 15.72 33,69

^Pooled samples of 5 rats/group»
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Table 20. Concentrations of Plasma Amino Acids in Control and

Vitamin A Fed Sham Operated and Adrenalectomized Rats
after 14 Days Experimental Feeding of 10% Casein Plus
2% Methionine Diet.

Control Groups3
Vitamin A  Groups^ 

(10.00 IU)
Amino Acid Sham Adrenalectomy Sham Adrenalectomy

ymoles/100 ml plasma

Lysine 51.21 63.00 47.06 77.47
Histidine 7.11 8.64 7.86 9.84
Arginine 10.27 13.99 9.88 12.06

Aspartic acid 1.72 1.34 1.80 1.46

Threonine 43.78 35.77 37.80 26.35

Serine 101.90 107.88 92.40 93.83

Glutamic acid 8.43 7.14 13.37 9.45

Proline 21.27 27.51 22.14 28.49
Glycine 37.62 41.03 36.93 42.75

Alanine 33.98 42.27 39.99 38.03

Valine 14.56 13.00 8.81 10.41

Cystine 14.31 16.31 13.53 16.03

Methionine 6.95 5.57 4.64 4.65

Isoleucine 11.36 10.62 9.29 10.87

Leucine 16.10 15.91 12.25 15.49

Tyrosine 4.38 5.28 5.51 5.79

Phenylalanine 4.60 6.13 4.67 5.84

^Control groups are pooled samples of 4 or 5 rats/group.
^Vitamin A groups are pooled samples of 7 rats/group.



81
histidine plus 2% methionine diet resulted in a 37% reduction in plasma 
methionine levels in vitamin A group rats compared to control group rats 
and no change in histidine levels 4 hours after the feeding.

Generally9 serine levels were observed to decrease in ad libitum 
and force fed rats given high methionine diets after vitamin A pre
feeding, Inclusion of glycine in the diet (Tables 9 * 10, and 13) caused 
an increase in the plasma serine and glycine levels of control and 
vitamin A ad libitum and train fed rats compared to rats on the high 
methionine diet alone. It may be through this mechanism that increased 
growth is observed in glycine supplemented rats. Glycine might increase 
the availability of serine which is directly involved in methionine 

degradation (Figure 1),

Metabolism Experiments
Hourly production of radioactive CO^ during a metabolism experi

ment is expressed as percent of the absorbed dose in Table 21, Although 
ad libitum fed vitamin A group rats showed a greater percent of radioac
tive CO^ production compared to the control group rats, this difference 

was not statistically significant. Train fed rats given histidine diet 

labeled with U-^C-MET showed no difference in production.
In train fed rats (Table 22), there was no significant differ

ence in production of CO^ between control and vitamin A group rats after 
the prefeeding period. In the experimental groups, control and vitamin A 

group rats showed no significant difference in CO^ production when fed 
10% casein plus 3% L-methionine diet, but when fed 10% casein plus 3%
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Table 21, Production of Radioactive from Control and

Vitamin A Ad Libitum and Train Fed Rats during 6 Hours
Feeding of U-l^C-HIS 0r U~14C~MET Labeled Diets after 12
or 14 Days Experimental Feeding of High Histidine
Diets,a

Hour

Ad Libitum^ Train Fedc

Control
Vitamin A 
(1000 IU) Control

Vitamin A 
(1000 IU)

14C02 as a Percent of Absorbed Dose (Mean i S.E.)

i 0.2±0.1 0.3+0.1 0.410.0 0.510.2
2 .1.0±0.2 1.510.4 2.310.4 3.011.1
3 1.510.9 2.510.5 4.410.8 4.010.8
4 2.010.2 2.7+0.3 6.111.3 5.710.4
5 2.310.1 3.610.7 7.511.0 5.7+0.0
6 2.510.3 3.610.7 7.111.4 6.410.3

Cumulative 9.510.8 14.212.2 27.814.9 25.2+2.7

^Average of 3 rats/group.
Experimental diet was 10% casein + 2% histidine and was fed for 12 
days . The label used was U-^C-HIS „
^Experimental diet was 10% casein + 3% histidine and was fed for 14 
days. The label used was U-^C-MET.



Table 22. Production of Radioactive ^002 from Train Fed Rats during 6 Hours Feedings of
U=-14c-MET Labeled Diets after 10 Days Prefeeding and 14 Days Experimental Feeding.

Hour

Prefeeding Groups3 Experimental Groups^
10% Casein 10% Casein + 3% MET 10% C+3% MET+4.5% GLY

Control
Vitamin A 
(1000 IU) Control

Vitamin A 
(1000 IU) Control

Vitamin A 
(1000 IU)

- 14- i "D 4- 4" A "v̂T-x z-n zl TX z-v zt z% ‘̂KiTz-x zi CJ T? \C I O  CL J. C l .  V C L 1 U  U  -L n U

1 1.1+0.2 1.210.3 0.810.3 1.110.6 2.010.1 1.410.1
2 2.9+0.4 2.710.4 2.310.8 2.711.1 5.810.4 3.810.6
3 3.9+0.4 3.710.3 3.010.9 3.611.1 7.510.4 5.310.6
4 4.310.3 4.310.1 3.611.2 3.910.8 7.910.3 6.4+0.6
5 4.010.1 4.110.1 3.811.0 4.010.4 6.4+0.1 6.110.5
6 3.610.2 3.710.4 4.511.1 4.310.6 6.610.3 5.710.4

Cumulative 19.6+1.0 19.710.6 18.015.3 19.614.6 36.2+0.6 28.6+2.3*

^Average of 4 rats/group. 
Average of 3 rats/group. 
*p < 0.05.

00u>
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L-methionine plus 4,5% glycine diet the control group rats showed a sig
nificantly greater production of labeled CO^.

Table 23 shows the total percent recovery of the isotope fed and 

a breakdown of where the isotope was located in the body. Control and 
vitamin A group rats showed no significant difference in rats receiving 
the same dietary treatment. All rats in groups receiving the 10% casein 
plus 3% L-methionine diet or 10% casein plus 3% L-methionine plus 4.5% 
glycine diet were significantly lower in the percent total recovery of 
the isotope compared to rats in groups receiving the 10% casein plus 3%

L-histidine diet.
Radioactive CO^ production in rats after prefeeding control diet 

or the 600 IU vitamin A diet is shown in Table 24. Rats were fed 10% 
casein plus 2% L-methionine diet for the metabolism experiment. Although 

production was slightly higher for the vitamin A group rats, the 

difference was not significant. This does indicate a trend to increased 

oxidation of methionine by vitamin A group rats.
Total percent recovery of the rats described in Table 24 is 

depicted in Table 25. Total recovery levels are similar to those of 
train fed rats on the 10% casein plus 3% L-methionine diet of Table 23. 
There was no significant difference between total recovery in control 

and vitamin A group rats.
14Tables 26 and 27 show the production of CO^ in control and

vitamin A group rats after prefeeding and experimental period metabolism
experiments, respectively. Rats fed a CH^-^C-MET labeled 10% casein

14plus 2% L-methionine diet showed a significant increase in CO^



Table 23. Percent Recovery of Administered Dose of U~-^C-MET in Control and Vitamin A Train Fed Rats 
after 14 Days Experimental Feeding.3

Diets Carcass
GI

Content
GI
Tract Kidney Liver C°2

Total
Recovery

Mean 1 S,V

Control Groups

10% Casein + 3% MET 4.6±1.1 59.216.8 1.010.4 0.210.1 2.510.8 7.812.8 75.312.8
10% Casein + 3% MET + 4.5% GLY 4.5±0.2 40.910.5 0.510.1 0.310.0 3.510.3 21.410.4 70.910.1
10% Casein + 3 %  HIS 4.710.3 72.715.7 0.610.1 0.310.0 4.910.8 14.211.9 97.515.5
Vitamin A Groups (1000 IU)

10% Casein + 3% MET 5.910.7 55.315.3 1.310.0 0.310.0 2.510.3 9.212.8 74.4+2.3
10% Casein + 3% MET + 4.5% GLY 3.510.7 45.317.4 0.410.1 0.210.0 2.510.1 16.013.5 67.813.1
10% Casein + 3% HIS 7.310.1 65.813.4 0.910.1 0.310.0 5.210.8 14.912.1 94.512.0
^Average of 3 rats/group.

ooLn



Table 24. Production of Radioactive from Control and
Vitamin A Fed Rats during 6 Hours Feeding of
U-^^C-MET Labeled Diet after 14 Days Experimental
Feeding of High Methionine Diet.a

Hour Control Groupk
Vitamin A Group^ 

(600 IU)
14CC>2 as a Percent 

(Mean ±
of Absorbed Dose 
S.E.)

i 1.9+0.2 2.110.2
2 4.1+0.3 5.410.6
3 5.010.3 6.310.9
4 5.510.3 7.510.7
5 6.710.3 7.310.7
6 6.710.1 7.310.7

Cumulative 30.011.2 35.8+3.7

^Average of 5 rats/group.
Experimental diet was 10% casein + 2% methionine. The 
label used was U-^C-MET.



Table 25, Percent Recovery of Administered Dose of U-^C-MET in Control and Vitamin A Fed 
Rats after 14 Days Experimental Feeding of High Methionine Diet.3

Diets Carcass
GI

Content
GI

Tract Kidney Liver C°2
Total
Recovery

Mean ± S.E.

Control Group

10% Casein + 2% MET 10.5±0.7 23.4±2.7 1.9±0.2 0.4±0.0 6.0±0.6 27.9±3.9 70.5+5.0
Vitamin A Group (600 IU)
10% Casein + 2% MET 7.8+0.3 16.8±3.3 2.2±0.2 0.3±0.0 8.8+1.6 25.2±2.4 61.1+4.3

^Average of 5 rats/group.



Table 26. Production of Radioactive from Control and
Vitamin A Fed Rats during 6 Hours Feeding of
CHg-l^C-MET Labeled Diet after 8 Days
Prefeeding.a

Hour Control Groupk
Vitamin A Group^ 

(1000 IU)

14C0 as a Percent of Absorbed Dose2 (Mean 1 S.E.)

i 1.1+0.1 1.910.2

2 2.1±0.2 3.710.1

3 2.710.3 4.710.2

4 3.510.3 5.310.3

5 4.010.5 5.710.2

6 4.510.3 6.810.4

Cumulative 17.911.6* 27.911.1

^Average of 4 rats/group
^Experimental diet was 10% casein + 2% methionine. The 
label used was CH3-14C-MET.

*p < 0.01.



Table 27. Production of Radioactive from Control and
Vitamin A Fed Rats during 6 Hours Feeding of
CHg-l^C-MET Labeled Diet after 14 Days Experimen
tal Feeding of High Methionine Diet.a

Hour Control Groups
Vitamin A Group 3̂ 

(1000 IU)
14CO as a Percent of Absorbed Dose

1

2

1.5±0.6
(Mean 1 S.E.)

1.7±0.4
2 4.910.7 4.5±0.3
3 5.110.8 5.4±0.6
4 5.411.3 6.310.5
5 5.410.7 6.610.6
6 6.310.4 7.911.2

Cumulative 28.714.1 32.312.8

^Average of 4 rats/group.
Experimental diet was 10% casein + 2% methionine. The 
label used was CHg-l^C-MET.



production by vitamin A group rats after the prefeeding period (Table 
26), Although vitamin A group rats similarly showed an increased pro 
duction of radioactive CO^ after the experimental period (Table 27)5 

the difference was not statistically significant.



SUMMARY AND CONCLUSIONS

The effects of vitamin A prefeeding on the alleviation of methio
nine toxicity were studied in young rats. When rats were fed diets con
taining excessive amounts (2% or 3%) of methionine in a 10% casein diet, 
growth and food intake were depressed. Prefeeding 600 or 1000 IU of 
vitamin A/g diet for 7 to 10 days prior to administering a high methio
nine diet resulted in partial alleviation of the adverse effects of 

excess methionine, as evidenced by improved growth and food intake, 
compared to control rats of vitamin A/g diet. When glycine supplementa
tions (3% or 4.5%) were added to the high methionine diet, growth and 
food intake of control group rats (ad libitum and train fed) were sig
nificantly improved, compared to rats receiving the high methionine 
diet. The alleviation of methionine toxicity attributed to vitamin A 
prefeeding was not significantly enhanced by the glycine supplementa
tions. Increased growth was a result of increased voluntary food 
intake. As a result of the metabolism experiments in which rats were 
fed ^^C-labeled control or high methionine diets, it was determined that 
the intestinal absorption (absorbed dose) of methionine was not signifi
cantly different in vitamin A prefed rats compared to control prefed 
rats. Although production of from uniformly labeled methionine
was not significantly greater in vitamin A prefed (600 IU vitamin) rats 
after feeding the high methionine diet for 14 days, the tendency toward 
increased oxidation of methionine in these rats looks to be a promising
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area of study» The significantly greater production of CO^ from CH^- 
^^C-methionine after vitamin A prefeeding (1000 IU) in ad libitum rats 
appears to substantiate this, Decreased plasma methionine concentra
tions were observed in rats which were prefed 600 or 1000 IU of vitamin 
A/g diet. These decreased methionine levels are probably related to the 
increased oxidation of methionine observed in the metabolism experi
ments » Glycine supplementations to the high methionine diet resulted in 
further decrease of the methionine concentration compared to rats on the 
high methionine diet.

Bilateral adrenalectomy did not prevent the partial alleviation 

of methionine toxicity by vitamin A prefeeding. This is suggestive that 
the adrenal corticoid hormones do not affect the mode of action of 
vitamin A in the alleviation of the toxic effects and that the adrenal 
gland is not the primary site of vitamin A action.

Additional work needs to be carried out before the specificity 
of the action of vitamin A on amino acid toxicities can be applied to 
various amino acids. Further work will be needed to identify the 
mechanism(s) and site(s) of the action of vitamin A on methionine degra
dation. This will have to include more metabolism experiments for 
studying the catabolic pathways of methionine as well as the metabolic 

flux and enzyme patterns of the pathways.
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