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Excretion of Formiminoglutamic Acid as an Index of Vitamin B12, Folic Acid, 
and Methionine Deficiencies.*$ (27041) 

M. R. SPIVEY Fox AND WALTER J. LUDWIG 
National Institute of  Arthritis and Metabolic Diseases, National Institutes of Health, Bethesda, Md. 

Excretion of large amounts of formimino- 
glutamic acid (FGA), a metabolite of histi- 
dine, has been observed in Vit. B,, deficient 
rats ( 1)  and chicks (2) fed diets borderline 
with respect to methionine requirement. In 
each species, supplemental methionine caused 
a reduction of FGA excretion to negligible 
levels, similar to those of the Vit. B,, supple- 
mented animals. After a histidine load, high 
levels of FGA have been excreted by human 
beings deficient in folic acid (3-5), whereas 
patients with pernicious anemia failed to ex- 
crete significant amounts of FGA under the 
same conditions (3,4). However, Zalusky and 
Herbert (5) reported high excretion rates of 
FGA in 2 of 6 Vit. B,, deficient patients. In 
the present studies, methionine lowered excre- 
tion of FGA more effectively in chicks defi- 
cient in Vit. B,, than in chicks deficient in 
folic acid. Chicks that were moderately to se- 
verely deficient in methionine did not excrete 
significant amounts of FGA when folic acid 
and Vit. B,, were present in the diet. 

Methods. Day old female New Hampshire 
chicks were distributed into groups of 6 to 8 
each and placed in electrically heated batteries 
with screen wire floors. They received food and 
water ad libitum. Diet C62( 6),  which was fed 
in some experiments, was a purified diet that 
contained 30% of soybean protein,? 0.3% of 
L-cystine, and 24% of fat. When folic acid was 
omitted from Diet C62, the chicks grew almost 
as well as the controls. The soybean protein 
was found to be grossly contaminated with 
folic acid-active material. The following pro- 
cedure was satisfactory for removing most of 

* Part of these data were presented at the meeting 
of the Poultry Science Assn., Aug. 8-11, 1961, Uni- 
versity Park, Pa. 

$The authors wish to thank Mrs. Marjorie K. 
Romine for microbiological folic acid analyses, and 
Mrs. Esther M. Hurley and Mr. Woodrow W. Duvall 
for excellent assistance with these experiments. 

t C1 Assay Protein purchased from Archer-Daniels- 
Midland Co., Cincinnati, Ohio. 

this activity. A 5% suspension of the protein 
in distilled water was held at pH 8 or slightly 
above for 5 minutes by addition of 6N NaOH. 
The protein was allowed to settle and the 
aqueous layer was siphoned off. The remaining 
liquid was removed by a cloth filter press; the 
protein was washed several times with distilled 
water and finally with ethanol. The protein was 
forced through a 14 mesh sieve, spread in thin 
layers on enameled trays, and dried in a forced 
air oven at 50°C for 2 hours. About 85% of 
the initial protein was recovered after the ex- 
traction process. Total folic acid activity, de- 
termined with Lactobacillus casei, was 375 
mpg/g for one batch of starting protein and 
activity after extraction was 25 mpg/g. This 
specially extracted protein was satisfactory for 
producing severe folic acid deficiency in chicks 
and in the complete diet it was equal to the 
original protein in supporting normal growth. 
Omission of Vit. B,, from Diet C62 resulted in 
a severe deficiency which was the same with 
either the original or the extracted protein. 

Two diets were used for producing a defi- 
ciency of methionine. One of these, Diet C69M, 
was exactly like Diet C62 except that L-cystine 
was omitted and 100 g of the soybean protein 
and 10 g of glucose in each kg of diet were 
replaced with 110 g of amino acid mixture 13,s 
which simulated the composition of the soy- 
bean protein except methionine and cystine 
were omitted. Diet C68M contained (g/kg of 
diet) : vitamin-free casein 100, gelatin 80, 
amino acid mix 5 (minus methionine) 115, L- 
arginine.HC18, corn oil 40, hydrogenated veg- 
etable oil (Crisco) 200, Fox-Briggs Salts N 60 
(7) ,  choline chloride 2, crude glucose (Cere- 
lose) 395, and vitamins at the same levels as 

0 Amino acid mix 13 (minus cystine and methio- 
nine) contained in g : DL-alanine 3.6, L-arginine. HC1 
8.3, DL-aspartic acid 6.2, L-glutamic acid 19.3, gly- 
cine 4.1, L-histidineeHC1 2.6, DL-isoleucine 13.0, L- 
leucine 7.5, L-lysine. HCI 6.8, DL-phenylalanine 5.0, 
L-proline 2.5, DL-serine 6.9, DL-threonine, 7.8, L- 
tryptophane, 2.0, L-tyrosine 3.4, DL-valine 11.0, 
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TABLE I. Effects of Methionint- Supplemeiitation a n d  Variation of Histidine Intake Upon Excretion of Formi- 
minoglutamic Acid by Folic Acid Drficitwt. Vitamin BI:! Deficient, and Control Chicks.* 

L- DL- Folic acid defi&rit Vit BI 2 deficient Control 
HistidineSHCI Methionine Body wt FC \ t  Body wt FGAt Body wt  FGAt 

Day 

% % R R 

1 1 0 
2 1 0 
3 1 1 
4 1 1 
5 2 1 
6 2 1 
7 4 1 
8 4 1 

92 
94 

104 
114 
116 
121 
124 
126 

70 116 
00 120 

I I  132 
. I  1 147 
00 160 
81 174 

I22 188 
232 197 

91 
119 
13 
7 

20 
44 
50 
91 

205 15 
220 16 
240 4 
260 1 
280 2 
299 4 
318 6 
328 30 

* Average of values from 2 exp~riments, 12 chic*hs/trc-dtment, 22 days of age on day 1. Chicks were fed Diet 

t pmoles FG S/mole of histidine consumed/2-I~ hr. 
C62, complete or  deficient as indicated, prepared I$ i t  h ~pvcially extracted soybean protein. 

those in Diet C62. Amino acid mix 5(8)  was 
formulated to simulate the amino acid cotti- 
position of casein. 

When the chicks were 3 to 4 weeks old. the! 
were placed in individual cages. The prow- 
dures for collection of excreta and deterinina- 
tion of FGA have been described I 6) .  Duriiig 
each collection period: L-histidineeHC1 was i t i -  

corporated in the diet at a level of l v .  except 
in experiments presented in Table I, where 
higher levels were also fed. 

Results. Data on FGA excretion of chicks 
deficient in folic acid and Vit. BI2 are pres- 
ented in Table I. With 156 L-histidine*HCl 
added to the diet (days 1 and 2 )  : excretion o f  
FGA was in the same elevated range for both 
deficient groups. The controls excreted inuc-h 
less. Addition of 1% DL-niethionine to the diet 
caused a more pronounced drop in FGA excre- 
tion of Vit. BI2 deficient chicks than that in the 
folic acid deficient group. The excretion of the 

control animals was also decreased. As the 
histidine supplement was increased to 2 and 
45-; of the diet, FGA excretion rose in both 
deficient groups and the amounts of FGA ex- 
creted were much higher for the folic acid de- 
ficient than for the Vit. B,, deficient chicks. 
Only on day 8 did the higher intake of histi- 
dine cause an increase in excretion of FGA by 
the control chicks. The daily food intake of the 
folic acid deficient chicks ranged from 7 to 12  
g/100 g body weight, that for Vit. B,, deficient 
chicks from 9 to 12 g, and for the controls 7 to 
11 g. Initial mean body weights of the 2 defi- 
cient groups were not too different; however, 
growth rate of the Vit. B,, deficient chicks was 
much greater than that of the folic acid defi- 
csient chicks, once the methionine supplement 
was added to the diet. 

The effect of methionine deficiency upon 
FGA excretion is presented in Table 11. Chicks 
fed either Diet C68M or C69M were severely 

TABLE 11. Excretion of Formiminoglutamic Acid by Methionine Deficient, Methionine-Vitamin Blz Deficient, 
and Control Chicks.* 

Diet DL-Methionine Ape. 3 wl, Age, 4 wk 
supplement NO. Bod! N I  FGAt No. Body wt FGAt 

% c h i c k  F chicks g 
- 0 16 107 1.2 

- -  7 270 .9 .2 
- _  15 364 .2 .6 

0 1 5 81 14 8 93 16 
.15 8 131 1 .o 
.7 14 224 .5 8 305 .2 

( I  

44 
. -. 

C68M f 

C69M $ 

C69M, NO B12 0 8 7 5 48 6 93 60 

. ._ 

I[ 

(6 

-_ - 

* When number of chicks exceeds 8, values are the average of 2 experiments. With Diet C69M, the data for 

t pmoles FGA/mmole histidine consumed/24 hr. 
$ ByEalculation Diet C68M contained (g/kg diet) caystint: 1 and methionine 4; Diet C69M contained cystine 

3 and 4 weeks are from chicks in different experiments. 

1.2 and4niethionine 2. 
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deficient in methionine as indicated by the 
very poor growth and feathering. Their long 
primary wing feathers curved upward near 
the ends and the upper wing covert feathers 
curled outward from the wing. With each diet 
the smaller methionine supplements resulted 
in intermediate rates of growth. Excretion 
of FGA was very low by all chicks fed Diet 
C68M irrespective of methionine supplementa- 
tion. Chicks fed Diet C69M excreted small 
amounts of FGA; but with each level of 
methionine supplementation, FGA excretion 
was very low. When Vit. B,, was omitted from 
the methionine-low Diet C69M, growth was 
similar to that obtained with Diet C69M; how- 
ever, the FGA excretion was markedly elevated 
by this omission of Vit. B12. 

When choline was omitted from Diet C62, 
the chicks grew slowly and developed perosis. 
Mean daily excretion of FGA was 6 and 8 
pmoles FGA/mmole histidine/day for choline 
deficient chicks in 2 experiments. 
Discussion. To a limited extent these data 

support the studies with human beings in 
which high FGA excretion was associated with 
folic acid deficiency but not with Vit. B,, defi- 
ciency(3,4). For example, when the chicks re- 
ceived 1% L-histidineOHC1 and 1% DL- 
methionine supplements (days 3 and 4, Table 
I ) ,  FGA excretion of the Vit. B,, deficient 
chicks was almost as low as that of the 
controls, whereas, the folic acid deficient 
chicks excreted large amounts of FGA. On the 
other hand, subsequent elevation of dietary 
histidine in presence of the methionine supple- 
ment caused FGA excretion of the Vit. B12 
deficient chicks to rise higher than that of the 
controls. Thus it would appear that the relative 
differences between histidine and methionine 
intakes may proyide an explanation for the low 
FGA excretion reported for human beings 
( 3 4 )  and the high values reported for chicks 
(2) and rats(1) deficient in Vit. B,,. It is 
difficult to compare the histidine loads received 
by the young growing chicks and the human 
beings (chiefly adults) ; however, the following 
calculations provide a very rough basis for 
comparison. In relation to body weight, total 
histidine intake of the chicks fed 1% L-histi- 
dineoHC1 (approximately 1.5 g/kg body 
weight/day) was about 7 times that for a 
hutiian being receiving a daily dose of 15 2; L- 

histidineOHC1, as recommended by Luhby et al. 
(3 ) ,  assuming a 65 kg man with a daily pro- 
tein consumption of 65 g. In relation to protein 
intake under the same conditions, only 5.2% 
of the chicks’ total protein plus free amino acid 
intake was histidine while the proportion of 
histidine would be around 18% for man. Pre- 
sumably the folic acid and Vit. B,, deficient 
humans received adequate methionine. It would 
be of interest to study the effect of methionine- 
low diets upon FGA excretion in the Vit. B,, 
deficient patients. It is significant that increas- 
ing the L-histidineOHC1 supplement of the Vit. 
B,, deficient chick to 2 and 4% of the diet 
caused appreciable excretion of FGA even in 
the presence of 1% methionine whereas the 
controls were able to metabolize these higher 
levels of histidine almost completely. 

Unquestionably the severity of the folic acid 
and Vit. B,, deficiency states influences the 
excretion of FGA and the response to supple- 
mental methionine. Silverman and Pitney (1) 
found that a 1% supplement of methionine 
caused greater reduction in FGA excretion by 
folic acid deficient rats than was observed in 
the present study with chicks; however, their 
deficient rats were growing at the same rate as 
the controls and presumably were less severely 
deficient than these chicks. Although the folic 
acid deficient and the Vit. B,, deficient chicks 
grew at similarly slow rates they cannot neces- 
sarily be regarded as being equally deficient. 
When the Vit. B,, deficient chicks received sup- 
plemental methionine, they were able to utilize 
the diet more effectively for growth. Their total 
daily food intake increased, but remained 
fairly constant in relation to body weight. The 
greater utilization of histidine for tissue pro- 
tein synthesis probably did not affect the rate 
of FGA excretion since the requirement of 
histidine for the growing chick is 1.5 g/kg 
diet. With the 1% supplement of L-histidine. 
HCl, total histidine content of the diet was 15.9 
g/kg and with the 4% supplement, 40.2 g/kg. 
Confirmation that growth rate did not affect 
FGA excretion has ben provided by a prelimin- 
ary experiment in which food intake of the Vit. 
B,, deficient and control groups was limited to 
about % of the expected intake beginning the 
day the methionine supplement was incor- 
porated in the diet. The FGA excretion pattern 
of these chicks was similar to that of their 
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corresponding groups in Table I (unpublished 
data). 

The function of tetrahpdrofolic acid in  the 
metabolism of the forminiino group of FGA 
has been delineated by Tabor and Wyngarderi 
(9). No such role has been described for Vit. 
B12. From the data in this paper it seems pos- 
sible that Vit. B,, affects utilization of FG4 
in some way in addition to that involving the 
metabolism of methionine. The 176 level o f  
methionine did not cause FGA excretion of the 
Vit. B,, deficient chicks to stay at the same low 
level as that of Vit. B,, supplemented chicks 
when histidine was fed at the highest levels. 
Only 0.3% supplemental methionine is re- 
quired to support normal growth of B,, defi- 
cient chicks with this diet( l0) .  Secondly, the 
chicks that were severely- deficient in methion- 
ine did not excrete large amounts of FGA until 
Vit. B,, was omitted from the diet. Perhaps 
either methionine or Vit. B,, or both modify 
the cofactor role of folic acid in the metah- 
olism of the formimino group h y  the chick i n  
a manner like that demonstrated in the rat by 
Noronha and Silverman ( 11 ) . 

Summary. Day old chicks were fed a diet 
borderline in methionine for 3 to 4 weeks. 
They excreted large amounts of formimino- 
glutaniic acid (FGA). a metabolite of histi- 
dine, when either folic acid or Vit. B,, was 
omitted from the diet. FGA was excreted ill 
very small amounts by control chicks fed the 
complete diet. Incorporation of suppleniental 
methionine at 1% of the diet caused a marked 
reduction in FGA excretion of Vit. B,, defi- 

cuient chicks and a moderate reduction in the 
folic acid deficient chicks. Further elevation of 
dietary histidine and continuation of the sup- 
plemental methionine resulted in increased 
FC‘IA excretion which was relatively greater in 
the folic acid deficient than in the Vit. B,, 
deficient group. Only on the last day of the 
experiment was the excretion elevated for the 
cwntrol group. Chicks fed diets severely defi- 
cient in methionine did not excrete large 
aiiiounts of FGA until Vit. B,, was omitted. 
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Inhibition of Aminonucleoside Nephrosis in Rats. 
11. Effect of Nucleic Acid Precursors and L-triiodothyronine.* (27042) 

CARL S. ALEXANDER  AD VISCEYT R. HI ST (Introduced by Leslie Zieve) 
Dept. of Medicine, Vet .  Adniin. Hospital, arid I niu. o j  Minnesota Medical School, Minneapolis 

The mechanism by which the aminonucleo- 
side (P-A) of puromycin induces the classical 
nephrotic syndrome in rats is still unknown. 
Since adenine, a primary precursor of RNA 

in rat, has been shown partially to block the 
nephrotoxicity of P-A (1,2), it seemed worth- 
while to evaluate the protective action of other 
RNA and DNA intermediates. 

Methods. Female rats, descendants of the 
- 

*Supported in part by NIH grant. 




