
FORMIMINOGLUTAMIC ACID AND FOLIC ACID DEFICIENCY 349 

It is a pleasure to acknowledge the encouragement 
and guidance of Dr. Maurice B. Visscher. 

1. Gilbert, R. P., Kuida, H., Hinshaw, L. B., 
Visscher, hl. B., Circulation, 1957, v16, 886. 

2. Weil, M. H., Spink, W. W., J. Lab. Clin. Med., 
1957, v50, 501. 

3. Waalkes, T. P., Weissbach, H., Bozicevich, J., 
Udenfriend, S., J. Clin. Invest., 1957, v50, 1115. 

4. Benditt, E. P., Rowley, D. A., Science, 1956, 
v123, 24. 

5. Abeniathy, R., Halberg, F., Spink, W. W., 
J .  Lab.  Clin. Med., 1957, v49, 708. 

6. Noyes, H. E., Sandford, J. P., Nelson, R. M., 

PKOC. SOC. EXP. BIOL. AND MED., 1956, ~ 9 2 ,  617. 
7. Lillehei, R. C., MacLean, L. D., Ann. Surg., 

8. Kuida, H., Hinshaw, L. B., Gilbert, R. P., 

9. Spink, W. W., Anderson, D., J. Clin. Invest., 

10, Shock and Circulatory Homeostasis, H. D. 

11. Boquet, P., Izard, Y., PROC. SOC. EXP. BIOL. 

1958, v148, 513. 

Visscher, M. B., Am. J. Physiol., 1958, v192, 335. 

1954, v33, 540. 

Green, edit., passim, Josiah Macy, Jr. F., 1957. 

AND MED., 1950, v7S, 254. 
~ 

Received October 7, 1958. P.S.E.B.M., 1959, v100. 

Detection and Isolation of Formiminoglutarnic Acid from Urine in Folic 
Acid Deficiency in Humans."+ (24623) 

HARRY P. BROQUIST~ AND A. LEONARD LUHBY 
Anzer. Cyanamid Co., Pearl River, N .  Y . ;  and Dept .  Pediatrics, N .  Y .  Medical College 

Silverman and coworkers ( 1 ) found that 
rats on folic acid (FA) deficient diet excreted 
in the urine a compound which was converted 
to glutaniic acid when heated or exposed to 
alkali. Excretion of the glutamate precursor 
was associated with severity of FA deficiency 
( 1) and increased by supplementing the diet 
with histidine( 2 ) .  Subsequent chemical evi- 
dence (3 )  indicated that the glutamate pre- 
cursor was N-formiminoglutamic acid (forma- 
midinoglutaric acid) : 

HOOC CH, CH, CH COOH 
I 

NH CH = NH 
Formiminoglutarnic acid (FIGLU) 

That a metabolic relationship ,between FA and 
FIGLU exists has become clearer with recent 
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enzyme studies. Thus i t  has been shown that 
FIGLU may arise from degradation of histi- 
dine by liver homogenates and Pseudomonas 
extracts (4) and that tetrahydrofolic acid 
(THFA) functions in certain mammalian en- 
zyme systems( 5,6) as acceptor of formimino 
group of FIGLU giving formimino-THFA ( 6) 
and glutamic acid. Our study was undertaken 
to determine if FIGLU might be excreted in 
FA deficiency in man. Such findings would 
support concept that FA functions in formi- 
mino group transfer, and suggest detection of 
FIGLU in human urine be considered as a 
diagnostic tool for folic acid deficiency in man. 
Preliminary findings have previously been re- 
ported by us( 7,8,9). 

Methods. Twelve children with acute leu- 
kemia receiving various types of chemother- 
apy, one woman with macrocytic anemia of 
pregnancy and 5 normal subjects were studied. 
Highlights of clinical findings in addition to 
data in Table I, are: Subj. 1 : A.B. Acute mye- 
loblastic leukemia associated with mongolism, 
no previous antileukemic therapy, in clinical 
and hematologic relapse, blood WBC 28,600 
mMS, when urine collected; Subj. 2: S.M. 
Subacute lymphatic leukemia, no response to 
previous 6-mercaptopurine (Purinethal) @ or 
steroid therapy, in clinical and hematological 



relapse, blood WBC 15,600 mm:’, when urine 
collected; Subj. 3: R.F. Acute myeloblastic 
leukemia, excellent response to previous 6- 
mercaptopurine (Purinethal )@ therapy fol- 
lowed by complete relapse: 6-J lP discontin- 
ued 3 weeks previously, aminopterin 0.5 to 1 .O 
daily dose: moderate stomatitis. blood WBC 
1.500 mm::, Subj. 4: D.A. Acute stem cell 
leukemia in clinical and hematologic remission 
with amethopterin (J1ethotrexate)B adminis- 
tered intermittently as maintenance therapy. 
received 105 mg prior to urine sample “d”: 
blood and marrow “practically” normal. 
Vrine sample “e” collected 3 weeks later after 
amethopterin ( JIethotrexate) 8 discontinued 
because of stomatitis. Urinc for FIGLU iso- 
lation and identification was collected from 
this patient in large quantities for several days 
after amethopterin resumed at  average daily 
dose of 3.75 mg for several weeks. with pa- 
tient still in clinical and hematologic remis- 
sion. Subj. 5: J1.R. Acute lymphoblastic leu- 
kemia. in clinical and hematologic remission. 
amethopterin 2.5  mg daily as maintenance 
therapy. Subj. 6: S.F. Acute stem cell leu- 
kemia, going into relapse despite continuance 
of amethopterin. 2.5 mg daily, following es- 
cellent clinical and hematologic remission. 
Subj. 7: W.11. Acute myeloblastic leukemia. 
no clinical or hematologic response despite 5 
mg daily dose amethopterin when sample “h“ 
collected : amethopterin discontinued because 
of stomatitis and leukopenia. blood WBC 
1,600 mmx, when sample “i” collected. Subj. 
8: J.P. Acute granulocytic leukemia, no clini- 
cal or hematologic remission although ame- 
thopterin administered 2.5 mg daily in first 
8 weeks, 3.75 mg daily next 2 weeks and 5 mg 
last week. X o  mouth tosicity. blood \VB(. 
2,000 mm::, marrow 93% “blasts” Subj. 9: 
M.S. Acute stem cell leukemia, in complete 
clinical and hematologic remission following 
6-mercaptopurine ( I’urinethal ) @ regimen at 
100 nig daily. Subj. 10: T. Ii. Acute micro- 
myeloblastic leukemia, in clinical and hema- 
tologic relapse on 6-mercal,tol)urine regime OF 
37.5 ing daily. Subj. 11 : T.B. Acute stem cell 
leukemia, in complete clinical and hematologic. 
remission on ~)-merca~)to~)urinr. regimen of 
42.5 mg daily. Subj. 12:  L.B. Acute stein 
cell 1 eult em ia, in par ti a1 hematologic remission 

on prednisone (Metacorten)@ 60 mg daily. 
Macrocytic anemia of pregnancy. Subj. 13 : 
M.A. discovered on first postpartum day, 
characterized by typical findings of peripheral 
blood macrocytosis. anemia (hematocrit 
19%). leukopenia (WBC 3,000 mm3) and 
hypersegmented polymorphonuclear leuko- 
cytes. Bone marrow aspirate showed eryth- 
roid hyperplasia with typical megaloblas- 
tic features. On third day after diag- 
nosis established! folic acid, 20 mg daily 
was administered orally for next 16 days. 
Patient’s blood showed characteristic reticu- 
locyte response reaching peaks of 13.5% 
on fifth and eighth day after start of 
folic therapy. LVhen urine sample “p” col- 
lected, hematocrit had risen to 37.5oJ0, WBC 
to 7.500 mmn. Bone marrow was normoblas- 
tic. Control subjects 14 to 18 incl. were nor- 
mal individuals on average diets and showed 
no hematologic abnormalities. Several pa- 
tients with iron deficiency anemia and Addi- 
sonian pernicious anemia were also studied as 
control subjects. Twenty-four hour urine 
specimens were collected under toluene in bot- 
tles containing sufficient glacial acetic acid to 
give final concentration of 1% and were held 
at  4”C, until prepared for assay. All urines 
were assayed within 7-14 days after collection. 
Upon arrival a t  laboratorv, urine was adjusted 
to pH 6.5-7, clarified by filtration, and an ali- 
quot sterilized by Seitz filtration. A portion 
of sterile filtrate was autoclaved 15 minutes. 
Urine specimens from individuals treated with 
aminopterin (4-amino-FA) or amethopterin 
(Methotrexate,@ 4-amino - 10 - methyl - FA) 
were clarified by filtration and then stirred 
with 2 7 6  charcoal (Darco G-60) at  pH 2-3 
for 30 minutes, filtered and then sterilized as 
described above. The charcoal absorption 
served to remove FA antagonists which could 
interfere with the microbiological assay. 
AIIicrobio/ogicd iissay for glutamic acid using 
Luctobacilltrs arubinosus 17-5 was employed 
following procedure of Henderson and Snell 
( 10) atid HX f ’ l !  d.( 1 1 j .  Aliyuots of un- 
heated sterile urine and autoclaved (or 
heuted) sterile urine were added aseptically 
t o  H series of 1 1  x 1x0 nim test tubes contain- 
ing 1 in1 of sterile. tlouble strength, glutaniic 
;icid free medium ( 10) and the volume of 
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tubes was adjusted to 2 ml. The tubes were 
then inoculated with a “heavy inoculum”( I 1 ) , 
and the assay incubated for 72 hours a t  37°C. 
Growth was estimated turbidimetrically. 

Presence of FIGLU in test sample was in- 
ferred from these considerations: Glutamic 
acid is fully active for L. arabinosus whether 
it is heated (autoclaving 15 minutes a t  pH 
6.5-7) or added aseptically. Glutamine, on 
the other hand, is destroyed by this heating 
procedure and is active only if added asep- 
tically. FIGLU cannot be utilized by L. 
ornhinosus as a source of glutamic acid ( 1 2 )  

but when it is autoclaved under conditions 
described above, it is hydrolyzed almost com- 
pletely to glutamic acid (Luhby, A. L. and 
Cooperman, J. M. - Unpublished data). 
Growth response to unheated urine samples 
was regarded as a response primarily to gluta- 
mine for free glutamic acid content of normal 
urine is low relative to glutamine( 13). Thus 
any significant growth response to heated 
urine samples was regarded as presumptive 
evidence for presence of FIGLU. 

Results. Table I gives the glutamic acid 
excretion patterns of the subjects. Urine from 
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normal adults and children (subjects 14-18) 
contained ample glutamic acid activity when 
urine samples were not heated, but were very 
low in activity when heated. This ratio (H/U) 
is low in normal individuals. Urine speci- 
mens from children with acute leukemia. 
either untreated (subjects 1 and 2 ) .  or who 
were being treated with PurinethaP (subjects 
9-1 1 )  or Metacorteng (subject 1 2 )  had H ,  IT 
values similar to those of nortnal children. 
However, urine obtained from 6 children with 
acute leukemia who were on maintenance 
therapy with FA antagonists (subjects 3-8) 
increased in apparent glutamic acid content 
when heated (H/U ratio > 1) .  Moreover in 
2 instances (samples e and i )  when the an- 
tagonist was withdrawn there was a conconii- 
tant decrease in the H I: ratio. Thus an in- 
creased H ‘1- ratio is associated with F.4 an- 
tagonist therapy. but not with leukemia. Fol- 
lowing administration of folic acid and com- 
plete hematologic and clinical remission. the 
H ‘U ratio (sample p)  decreased to 0.2. A 
limited number of urine specimens from in- 
dividuals with iron deficiency or Addisonian 
pernicious anemia have not shown evidence 
of F T GL U . 

Isolatiom of glutamatc p~ccursor from urinr. 
3.1 liters of urine were collected from a 13- 
year-old child with acute leukemia in remis- 
sion, Subject 4. while on maintenance therapy 
with amethopterin ( r f .  Experimental). Urine 
was clarified by filtration. adjusted to pH 2.5 
with HCl. and stirred for 30 minutes with 31 
g Darco G-60 activated charcoal. The char- 
coal was removed by filtration on Buechner 
funnel with the aid of Filtercell. An aliquot 
of the clear filtrate adjusted to pH 6.5 and 
autoclaved 15 minutes contained 180 pg I’m1 
glutamic acid activity by microbiological as- 
say. The charcoal filtrate was reduced to 1 
liter by vacuum distillation at  25°C and the 
glutamate precursor isolated by ion exchange 
chromatography following the procedure of 
Silverman ct aZ.( 1 ) .  The concentrate was 
passed through a Dowex 50 (200 s 400 mesh, 
crosslink 8 )  H+ column (1%’’ wide packed 
to depth of 20”) a t  100 ml/hr., and 1 liter of 
water and 0.5 liter quantities of 1.5 pg and 
10% acetic acid solutions passed successively 
through the column. The column was then 

placed on a fraction collector and developed 
with 1% sulfuric acid (flow rate, 50 ml/hr). 
Aliquots of all fractions were spotted on paper 
and sprayed with ninhydrin, or first exposed 
to ammonia vapor for 1 hour, aerated, then 
sprayed with ninhydrin, All fractions that 
were ninhydrin negative before ammonia treat- 
ment, but gave a color indicative of an U- 

amino acid after ammonia exposure, were 
pooled. 250 ml of such a pooled fraction was 
placed in a precipitating dish in icebath and 9 
nil of 2 5 %  mercuric acetate in 0.2 M acetic 
acid was slowly added to form a mercury salt 
(12a). The precipitated mercury salt was 
collected a t  the centrifuge and washed suc- 
cessively with water, ethanol, and ether, air 
dried, to give 420 mg of nearly white material. 
An attempt was made to further purify this 
mercury salt by reprecipitation with mercuric 
acetate: with the glutamate derivative in ex- 
cess to minimize contamination with mercuric 
oxide: 350 mg of mercury salt was suspended 
in  30 ml 0.01N sulfuric acid. Hydrogen sul- 
fide was passed through it until precipitation 
of mercuric sulfide was complete. The latter 
was removed by centrifugation, and the clear 
filtrate vigorously aerated. Aliquots of this 
filtrate when chromatographed on paper had 
a major component indistinguishable in 2 sol- 
vent systems from synthetic FIGLU (Fig. 1) .  
The remainder of the filtrate was treated with 
1.3 ml mercuric acetate reagent as described 
above to finally give 165 mg of white mercury 
salt. Elemental analysis of this derivative was 
as follows: 

~,H,,N,O,Hg2 (606) 
Ca,lculated: C, 11.9; H, 1.7; N,4.6 
Fouiid : C, 10.5 ; H, 1.7 ; N, 4.3 

Degradation products of isolated mercury 
salt. The mercury salt was subjected to vari- 
ous hydrolytic procedures shown in Table 11. 
’4 mole of ammonia N was released/mole of 
mercury salt by either acid or alkaline hy- 
drolysis. 0.7 mole of glutamic acid/mole of 
product was recovered by acid hydrolysis. 
When a cruder mercury salt was either auto- 
claved or let stand at pH 12 for 24 hours a t  
25”C, appearance of glutamic acid was dem- 
onstrated by paper chromatography( 12). The 
chemical and microbiological properties de- 
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TABLE 11. Products of Hydrolysis of Isolated Mercury Salt. 

Recovery for 
IIg salt Ammonia N, t L-glutamic CeHl~zOeHgz, 

Method of hydrolysis* used, p M  PJJ acid,# pM % 
20 18.6 93 

19.3 97 
14 70 

J J  

9 9  

1 1111 4.5 h’ KOH, 12OoC, 1.5 hr 
1 m l 6  N HC1, ” 15 ” 

Idem 

* Hg salt suspcnded in indicated reagents in 1 ml ampul, the ampul sealed and autoclaved. 
t Determined by Nesslerization. 
$ Hg++ removed from hydrolysate by precipitation as sulfide, and glutamic acid content of 

filtratc determined by microbiological assay( 10). 

scribed for the glutamic acid precursor iso- 
lated, indicate that i t  is a highly purified mer- 
cury salt of N-formiminoglutamic acid. 

Discussion. It is now clear that in suitably 
purified mammalian enzyme systems ( 5 , 6 ) ,  
THFA is required for catabolism of FIGLU 
to glutamic acid. 

One action of the 4-amino folic acid antag- 
onists is to block one stage of the reduction of 
folk acid to THFA(14) as indicated in the 

FIG. 1. Paper chromatography of synthetic for- 
miminoglutamic acid (FIGLU) and glutamate pre- 
cursor (mercury salt) isolated from urine. Solvent 
system first 2 chromatograms: collidine (l), luti- 
dine (l), trimethylamine (l%), and water (1). 
Solvent system in last 2 chromatograms: n-butanol 
(40), acetic acid ( l o ) ,  water (50), used butanol 
layer. 50 y synthetic FIGLU and .02 ml free acid 
of mercury salt (see text) were spotted a t  origin 
of 25 mm width Whatmann #1 paper strips, al- 
lowed to develop by ascending technic at 25°C for 
40 hr, air dried, exposed to ammonia vapor 1 hr, 

aerated 1 hr, then sprayed with ninhydrin. 

$OOH $OOH 
YHNH -CH =NH GHNHz 
(72 + THFA -(CH=NH)THFA -I- 7H2 

FH2 
COOH 1 y 2  

Enzyme 

COOH 

Blocked by 4-Amino Folic Acid 
Ant a qonist s 

Folic Acid 

diagram. Hence the excretion of FIGLU in 
children receiving folic acid antagonists very 
likely occurs as a consequence of insufficient 
THFA essential for disposition of FIGLU. 
This substance might also accumulate in urine 
if the diet were deficient in folic acid or if 
pregnancy reduced maternal stores of folic 
acid. It is thus possible that determination of 
FIGLU in urine may be an aid in diagnosing 
nutritional folic acid deficiency. 

Tabor and Wyngarden recently published 
an enzymatic method for determination of 
FIGLU in urine( 15 ) .  With this method Hiatt 
et al. ( 16) also found that FIGLU is excreted 
in substantial quantities in children treated 
with ame t hop ter in. 

FIGLU, isolated as described above from 
human urine, was as active as an authentic 
sample of FIGLU kindly supplied by Dr. 
Herbert Tabor, when the natural and syn- 
thetic materials were compared in the enzy- 
matic assay ( 15). 

Summary. 1. A microbiological assay pro- 
cedure giving presumptive evidence for pres- 
ence of formiminoglutamic acid (FIGLU) was 
carried out on urine specimens from normal 
individuals, children with acute leukemia re- 
ceiving various types of chemotherapy, and a 
patient with macrocytic anemia of pregnancy. 
The data indicated strongly that FIGLU was 
being excreted in children with acute leukemia 
receiving 4-aminofolic acid antagonists and in 
macrocytic anemia of pregnancy. 2. A 
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highly purified mercury salt of a glutamic acid 
precursor was isolated from urine of patient 
with leukemia during amethopterin therapy. 
and on the basis of its chemical and microbio- 
logical properties, concluded to be FIGLI'. 
3. I t  is postulated that folic acid antagonists 
induced a folic acid deficiency: resulting in  
insufficient tetrahydrofolic acid needed for 
catabolism of FIGLU. C'onsequently FIGLI' 
accumulated. I t  is suggested that determina- 
tion of FIGLC in human urine may be a use- 
ful aid in diagnosing folic acid deficiency in 
man. 
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Effect of Food Deprivation on Thertnal Behavior of the Rat. (24624) 

C. 1,. HAMILTOX (Introduced by J. K. Brobeck) 
V P t .  Adiiiinistrafioii Hospital ,  CoatPsvillP, Pa. 

Ordinarily the laboratory rat has little o r  no 
control over his environmental temperature. 
When cold stressed. this organism. unlike man. 
does not have access to external heat control 
devices. Recently McCleary et al. (unpub- 
lished) investigated behavioral results of pro- 
viding the rat with some control over environ- 
mental temperature. Rats were exposed to 
low ambient temperature and given a response 
pedal, which when depressed, activated a 10 
second burst of heat from an infra red heat 
lamp. Under these conditions the rate of liar 
pressing was shown to be a function of am- 
bient temperature. \\'eiss( 1 ) has extended 
this work to show that the bar press rate un- 
der above conditions is also a function of re- 
stricted food intake and pantothenic acid de- 
privation. The present study is a further ex- 
tension of the above work, using a modified 
dependent variable with 3 levels of food de- 
privation. 

Six adult male Sprague Dawley Method. 

rats were used. The experimental apparatus 
was a rectangular box of galvanized steel, 15 
by 24 by 10 inches. A % inch round response 
bar protruded into the box 4% inches and was 
located 4% inches in front of 2 GE 250 watt 
infra red heat lamps with built-in red filters. 
The lamps were separated from the bar com- 
partnient by a partition of % inch hardware 
cloth. Depression of the bar closed a micro- 
switch and activated the heat lamps. At the 
same time a cumulative timer and response 
counter were energized. This apparatus was 
idaced in a conventional refrigerator with am- 
bient temperature a t  4' t 1°C at  beginning 
of experimental session. Auxiliary lighting 
was supplied by 2 NE 40 GE glow lamps a t  
top of side opposite the heat lamps. Prelimi- 
nary training of animals consisted of exposure 
to experimental conditions for 2 hours before 
first day of recording. The animal's coat was 
clipped and i t  was placed in the apparatus and 
left to discover the response bar and its func- 


