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similar to those found in kidney tissue. In
view of the high overall metabolic activity of
kidney tissue, the low S.A. of G-6-P would
indicate that, in the kidney, this compound
may not occupy a central position in the me-
tabolism of carbohydrate.

Conclusions. 1. A “single pass” technic is
described for studying the intrinsic metabolism
of the kidney. 2. It is shown that P uptake by
ADP-ATP and G-1-P is very rapid, more so in
the cortex than in the medulla. G-1-P probably
is derived from glycogen via the phosphorylase
reaction. 3. The very low relative S.A. of the
G-6-P seems to indicate that most, if not all,
of the G-6-P found in the kidney is formed
elsewhere in the body and carried to this organ
by the blood.
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Antagonism of Chemotherapeutic Activity of p-Aminosalicylic Acid in
Experimental Tuberculosis by p-Aminobenzoic Acid.* (20700)

R. H. HussLe anp L. W. HEpGECOCK. 1

(Intrgduced by Lloyd R. Jones.)

From the Department of Bacteriology, St. Louis University School of Medicine, St. Louis, Mo.

In vitro antagonism of the tuberculostatic
properties of para-aminosalicylic acid (PAS)
by para-aminobenzoic acid (PABA) has been
established(1-3). The in vivo relationship of
PAS to PABA has not been, reported. The
purpose of this communication is to present the
results of an investigation of the effect of
dietary PABA on the chemotherapeutic ac-
tivity of PAS in experimental tuberculosis.

Methods. The H37Rv strain of M. tubercu-
losis was utilized as the infectious agent in this
study. Male CF; mice weighing 14 to 16 g
each were employed as test animals. The
basal ration represented a modification of a
synthetic ration devised by Pearce et al.(4).

* This paper represents portion of dissertation sub-
mitted by Ralph H. Hubble to Graduate School of
St. Louis University in partial fulfillment of re-
quirements for degree of Doctor of Philosophy.

t Present address: Veterans Administration Hos-
pital, Kansas City, Mo. and Department of Micro-
biology, Kansas University School of Medicine, Kan-
sas City, Kan,

Its composition was as follows: vitamin-free
casein, 20% ; Wesson’s salt mixture(5), 4%
Ruffex, 10%; corn starch, 55.68%; sucrose,
5%; lard, 5% ; and supplement, 0.313%. The
following components of the supplement are
expressed in terms of mg per 100 g of basal
ration: pyridoxine hydrochloride, 1.0; nico-
tinic acid, 1.0; thiamine chloride, 0.6; ribo-
flavin, 0.6; calcium pantothenate, 2.0; folic
acid, 0.05; biotin, 0.05; PABA, 30; inositol,
50; choline chloride, 100; cystine, 100; alpha
tocopherol, 3.5; and menadione, 2.5. Concen-
trations of 1,500 L.U. of vit. A and 200 1.U.
of vit. D were added per 100 g basal ration.
Adjustment of the concentrations of PABA
and PAS in the rations was accomplished by
the addition or omission of equal weights of
starch. Five rations were studied in Exp. A
and were as follows: 1) basal ration; 2) basal
ration, PABA-free;+ 3) basal ration contain-
ing 2% PABA; 4) basal ration containing

} The term, “PABA-free” refers only to omission
of PABA from the supplement,
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TABLE I. Comparison of Weights and Survival Times of Tuberculous Mice Receiving a Basal
Ration and Rations Containing Varied Amounts of PAS with and without PABA.
\vg wt mice (g) Ty and % surviving
Rations A* B* Cc* confidence limits  on 35th day
A. B.R.t 13.1 18.2 13.9 16.0 (14.0-18.0) 0
v 13.7 19.8 13.5 18.7 (17.0~20.6) 0
” 4 2% PABA 13.9 15.0 124 15.6 (13.8-17.5) 0
” 4 .5% PAS 134 19.2 155 0 69.6
” 4+ 2% PABA + .5% PAS 13.7 13.0 11.2 21.4 (18.8-24.6) 0
B. B.R. 16.2 184 12.6 16.3 (14.3-18.6) 0
” 4 .1259% PAS 16.7 17.8 119 25.0 (22.5-30.0) 0
” 4 .25% PAS 16.0 18.3 11.5 35.0 (30.6—40.0) 0
” 4 1% PABA + .125% PAS 156 17.2 119 19.4 (16.6-22.7) 0
” 4+ 1% PABA + .25% PAS 14.8 15.7 109 24.3 (22.4-26.4) 0
* A—Wt of mice on arrival. B—Wt of mice at inoculation. C—Wt of mice at death.
t B.R. — Basal ration.
$ Ts was not attained.
0.5% PAS, PABA-free; 5) basal ration con- perimental tuberculosis significantly. This

taining 2% PABA and 0.5% PAS. In Exp.B
the following rations were included: 1) basal
ration; 2) basal ration containing 0.125%
PAS, PABA-free; 3) basal ration containing
0.25% PAS, PABA-free; 4) basal ration con-
taining 1% PABA and 0.125% PAS; 5) basal
ration containing 1% PABA and 0.25% PAS.
Each ration was furnished ed lLbitum to a
group of 20 mice. In Exp. A and B prefeeding
periods of 8 and 5 days respectively, were
instituted prior to injection of organisms. The
animals were infected by intravenous injection
of 0.15 mg (dry weight) of M. tuberculosis.
The organisms had been cultured according to
the method of McKee et al.(6). The survival
time of each animal was recorded in terms of
days following injection of organisms. The
mortality rate for each group was plotted on
an arithmetic-probability scale from which
the 50% survival time (T5,) was determined
(7). The death-rate response of each test
group was examined statistically by the method
of Litchfield(8).

Results. The data of Exp. A presented in
Table I suggested antagonism of the tubercu-
lostatic properties of PAS by orally-adminis-
tered PABA. The results of this experiment
did not permit definite conclusions since the
concentration of PABA in rations furnished
Groups III and V proved to be toxic as evi-
denced by the retarded gain in weight of the
animals. However, a comparison of the Tjo
of Groups I and III indicated that the toxicity
of the ration containing 2% PABA did not
increase the susceptibility of the mice to ex-

finding tended to support the validity of the
difference in percentages of mice surviving in
Groups IV and V at the termination of the
experiment.

In Exp. B the reduction of the concentra-
tion of PAS in the rations yielded a suitable
Tso. Reduction in concentration of PABA
resulted in minimal toxicity. The data of
Exp. B illustrate antagonism of the tubercu-
lostatic activity of PAS by PABA. The che-
motherapeutic activity of PAS was evidenced
by the increased T;o of the animals in Groups
II and III as compared with those in Group I.
Antagonism of the tuberculostatic properties
of PAS by dietary PABA was likewise appar-
ent in the reduced Tso of the animals in Groups
IV and V as compared with the Ty, of those
in Groups II and IIL

Under natural conditions it is doubtful if
the dietary intake of PABA in man or animals
ever approximates the amounts employed in
this study. Among foodstuffs, yeast has been
found to be one of the richest sources of PABA,
containing up to 100 ug per g and of which 70
to 80% is present in the free form(9). The
addition of such a foodstuff to the diet would
result in a concentration of PABA much less
than 1%. Denko et al.(10) have provided
evidence that PABA is synthesized by micro-
organisms in the intestine of man and thereby
made available to the host. These investi-
gators have reported that the urinary and
fecal excretion of PABA may exceed the diet-
ary intake by approximately 100%. However,
since the average daily urinary and fecal ex-
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FIG. 1. Rate of death of tuberculous mice fed
liasal ration and rations eontaining varied amounts
of PAS with and without PABA.

cretion was 737 pg the amounts involved were
relatively small. The excretion of PABA in
the urine and feces of the mice used in this
study was not determined.

In studies of the relationship of PABA to
the sulfonamides in the metabolism of E. coli
and other organisms, it has been shown that
the observed inhibition index SA/PABA(11,
12) may be progressively increased in the
presence of end-products of the inhibited re-
action(13,14). If such a relationship should
exist with respect to PAS and PABA in the
metabolism of M. tuberculosis, the presence of
end-products of the inhibited reaction might
render relatively small amounts of PABA
effective in antagonizing the chemotherapeutic
activity of PAS.

McKee et al.(6) reported that the H37Rv
strain of M. tuberculosis was unsuitable for
therapeutic studies in CF; mice since the ani-
mals did not die at a uniform rate under con-
ditions which yielded extended survival. You-
mans and Youmans(135) found, however, that
infection of the “Strong A’ strain of mice with
H37Rv resulted in a uniform rate of death
of the animals providing a sufficiently large
infecting dose was used and that the uniform
response was maintained under conditions of
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therapy in which the Tj, was extended. The
data presented in Fig. 1 indicate that under
the conditions of the present study in which
a limited number of animals were used, in-
fection of CF; mice with H37Rv results in
rates of death which yield approximately
straight lines when plotted on probability
paper indicating a normal frequency distribu-
tion curve.

Summary. 1. Infection of CF; mice with
the H37Rv strain of M. tuberculosis produced
a uniform response in rate of death. 2. An-
tagonism of the chemotherapeutic activity of
PAS in experimental tuberculosis by dietary
PABA was demonstrated.
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