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Metabolism of Benzoic Acid in Normal and Irradiated Rats.*t (21285) 

KURT SCHREIER, KURT I. ALTMAN, AND LOUIS H. HEMPELMANN. 
(Introduced by J. N. Stannard.) 

From the Division of Experimental Radiology, Department of Radiology, The University of 
Rochester School of Medicine and Dentistry, Rocbster,  N .  Y .  

In a previous communication, it has been 
shown that the "free glycine pool'' increases 
in size after rats have been exposed to total 
body x-radiation ( 1 ) . These conclusions were 
based on determinations, before and after ir- 
radiation, of the isotope concentration of the 
urinary hippuric acid excreted after injection 
of C-14 labeled glycine and benzoic acid. The 
experimental technic was modified somewhat 
to test the ability of irradiated rats to con- 
jugate labeled benzoic acid. The conjugation 
process may be looked upon as a 2-step 
process involving coenzyme A (Co A) and 
transesterification at  the S-acyl bond (2) .  

Benzoic acid + acetyl - Co A+Ben- 

Benzoyl-Co A + glycine+ Benzoyl gly- 

Studies with benzoic acid-carb0xy1-C~~ re- 
vealed that radiation did not interfere with 
hippuric acid synthesis. I t  was noted also 
that a marked dilution of the specific activity 
of urinary hippuric acid occurred in starved 
animals and this suggested that there must be 
an endogenous source of benzoic acid. The 
findings to be reported in this paper indicate 
that benzoic acid may be the end product of 
an as yet little explored metabolic pathway 
of one of the aromqtic amino acids, e.g., 
phenylalanine. 

zoyl-Co A + acetic acid (1) 

cine + Co A(2). 

~~~ ~~~ 

*This work was supported in part by a grant 
from the U. S. Atomic Energy Commission. 

Experimental. Four of 8 Wistar-type rats; 
all weighing 150-175 g, were exposed to 700 
roentgens of x-rays. Immediately after the 
irradiation procedure, all were given an intra- 
peritoneal injection of sodium benzoate-car- 
b0xy1-C~~ followed by 2 more injections at 24- 
hour intervals. The injected solutions con- 
tained 18.3 mg of sodium benzoate. The 
specific activity of the material used in the 
initial dose was 22,100 c.p.m. per mg carbon 
and that used in each of the 2 succeeding doses 
was 18,000 c.p.m. per mg carbon. The rats 
were placed in confining metabolism cages and 
urine (without fecal contamination) was col- 
lected at  daily intervals. The animals were 
not fed during the 3-day period of study and 
were not given water except for the 10 ml of 
saline in which each daily dose of sodium ben- 
zoate was dissolved. A description of the 
animals and irradiation procedure used is 
given elsewhere(1). The total amount and 
the specific C14 activity of the urinary hippuric 
acid was determined according to the method 
of Gaffney and coworkers (3). The C14-activ- 
ity of the unconjugated urinary benzoic acid 
was determined by measuring the radioactiv- 
ity of the appropriate spot on the paper 
chromatograms used for the assay of hippuric 
acid. The total quantity of the excreted ben- 
zoic acid was not determined chemically. 

ResuZts. The data obtained are presented 
in Table I. Average values as well as ranges 
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TABLE I. Incorporation of Benzoic Acid-Carb0xy1-C'~ into N-Benzoyl Glycine. 

Collection Urinary excretion of total Micronioles Expect ecl 
period G I 4  activity aclinin. of hippuric C1* activity" C" activ- 

after iso- As hippuric As benzoic acid of hippuric ity of hip- 
tope adniin. acid, YC acid, % excreted acid puric acid RICt 

(1) 
1st 24 hr Irradiated '75.9 

Control 64.4 

2nd 24 hr Irradiated 58.8 

Control 76.9 

3rd 24 lir Irradiated 61.2 

Colltrol 74.6 

70.7-84.2 

59.1-7 1.6 

5 1.5-6'7.2 

62.2-85.0 

5 1.7-76.7 

66.6-83.9 

(2) 
2.53 

1.37- 3.06 
6.80 

3.43-10.73 
8.02 

5.92-10.74 
7.06 

7.86 

8.67 

4.82- 9.16 

5.62-10.19 

6.3 6-1 1.58 

(3 )  
108.5 

104.9-111.6 
104.5 

102.7-106.6 
105.3 

10 2.1-1 0 3.8 
105.3 

102.1-108.8 
97.5 

92.1-105.5 
99.9 

96.5-104.4 

(4) 
10800 

10287-11073 
9580 

7060 

8930 

8140 

9471 

8647-10688 

6528- 7866 

7713-1015G 

7633- 9216 

8653-10953 

(5) (6) 
17400 .49 

.46-.50 
.43 

.39-.48 

14000 .39 

.50 
.43-.56 

.45 
.42-.51 

.53 
.48-.61 

?? 

.36-.44 
?? 

?t  

> t  

* C14-aetivity = Counts/iniii./mg carbon. 

t Relative isotope cone. = 
e.p.ni./mg carbon of hippuric acid isolated 

c.p.m./mg carbon of benzoic acid injected ' 

of the experimental and control animals are 
shown in columns 1-4 and 6 .  For purposes of 
comparison with column 4, the expected iso- 
tope concentration of the hippuric acid is given 
in column 5.  This theoretical value was cal- 
culated on the assumption that the introduc- 
tion of the 2 inert carbon atoms of the glycyl 
residue (cf. reaction 2 )  constitutes the only di- 
lution of the P-activity.  The fact that the 
labeled benzoate is not excreted quantitatively 
has not been taken into consideration. 

Evaluation of the data in Table I shows that 
radiation exposure has no apparent effect on 
the ability of rats to conjugate benzoic acid. 
Although the total amount of hippuric acid 
excreted by the irradiated and control rats was 
not altered during the period of study, the iso- 
tope concentration of the hippuric acid ex- 
creted by irradiated rats is somewhat less than 
that of the controls of the second day. 

Of more interest is the observation that 
there is far greater dilution of the specific CI4- 
activity of hippuric acid than could be ac- 
counted for. except by postulating a source of 
benzoic acid in addition to that administered. 
The fact that the isotope dilution does not fall 
during a three day period of starvation sug- 
gests that food is unlikely to be the unknown 
source of benzoic acid. 

I t  is of interest to mention other observa- 

tions made in relation to benzoic acid metabo- 
lism. Subsequent experiments have in- 
dicated (a) that rats on a benzoic acid-free 
diet continue to excrete hippuric acid in 
amounts comparable to that excreted when 
they are on a Purina fox chow diet. (b) Hip- 
puric acid has been isolated from the urine of 
rats on a high aureomycin, benzoic-acid-free 
diet as well as ( c )  in urine samples excreted by 
rats on the second day after complete removal 
of the alimentary tract. It has been observed 
(d)  that hippuric acid is present in the sec- 
ond urine sample excreted after birth by 
human babies (4). 

Discussion. It has been mentioned that 
these studies were undertaken to ascertain 
whether radiation exposure impairs the ability 
of rats to conjugate benzoic acid. It seems 
clear from the data that there is no serious 
interference with benzoic acid conjugation 
during the early post-irradiation period dem- 
onstrable under these conditions of irradiation 
and testing. During this early period after 
exposure to x-rays changes in the "free- 
glycine" pool have been observed ( 1). 

The observation of the dilution of the in- 
jected labeled benzoic acid by a factor of 
1.5-2.0 even in the starved rats was not an 
entirely unexpected finding since it has been 
observed for some time that animals excrete 



POLY-U-AMINO ACIDS ON CLOTTING OF FIBRINOGEN 63 

hippuric acid even when benzoic acid has not 
been administered. Although certain forms of 
bacteria are known to have the ability to pro- 
duce benzoic acid, this substance has not been 
described as a normal metabolite in verte- 
brates. Current isotope studies together with 
the observations reported in this paper pro- 
vide evidence for believing that there is an 
endogenous source of benzoic acid which is not 
dependent upon food intake or on the activity 
of intestinal bacteria. The most likely pre- 
cursor is one of the aromatic acids and, in- 
deed, preliminary studies suggest that phenyl- 
alanine is one of the amino acids involved (5). 

Summary. 1. The isotope concentration of 
the urinary hippuric acid of starved irradiated 
or non-irradiated rats given benzoic acid-car- 
b o ~ y 1 - C ~ ~  is much less than the dilution ex- 
pected from the conjugation of the injected 
labeled benzoic acid with inert carbon atoms 
of the glycyl residue. 2. Evidence is pre- 

sented that benzoic acid is a normally occur- 
ring metabolite in rats. 3. The effect of x- 
radiation on the ability of starved rats to con- 
jugate benzoic acid-carb0xy1-C~~ has been 
tested and no defect detected under the experi- 
mental conditions used. 

The authors wish to afcknowledge the assistance of 
Mrs. Florence Van Slyke in supervising the radiation 
of the animals. 
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It was shown previously that basic poly- 
amino acids inhibit blood thromboplastic ac- 
tivity ( 1 ) , fibrinolysis ( 2 )  , proteolytic activity 
of pepsin ( 3  ) , clearing of alim,entary lipemia 
by heparin(4), as well as bacterial(5) and 
viral growth ( 6) .  Acidic polyamino acids neu- 
tralized the inhibitory actions of basic poly- 
amino a,cids. 

In  this communication i t  is reported that the 
basic polyamino acids, polylysine, polyor- 
nithine and polyarginine, accelerated the clot- 
ting of fibrinogen by thrombin, while the acidic 
polyamino acids, polyaspartic, polyglutamic 
and polycysteic acids retard the clotting. 

Materials and methods. Fibrinogen. Bo- 
vine Fraction It was used or purified by the 

* This work was supported 'by the Anna R.  Wasser- 
man Lowenberg Fund, #Cambridge, Mass. 

procedure of Laki( 7 ) .  The final preparation 
contained 88-93 a/o clottable protein and was 
electrophoretically homogenous. Mobility cal- 
culated from the descending boundary pattern 
was 1.8 x 1 V  cm2 V-l sec;l a t  pH 7.4, ionic 
strength 0.15 and t = 4OC. Determinations 
of fibrinogen were made by the procedure of 
Ware et al. (8 ) .  

Thrombin. A thrombin solution was 
obtained by adding 19 ml of isotonic buffer 
solution (see below) and 1 ml of 0.1 M sodium 
oxalate to a 10010 unit vial of Bovine Throm- 
bin (Upjohn). One g of BaS04 (Merck) was 
added, the suspension was stirred for 15 min- 
utes, centrifuged and the sediment discarded. 
This treatment reduced the protein content 

t Obtained through the courtesy of Mr. Lawrence 
L. Ladhat of Armour & Co., Chicago, Ill. 




