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PARA-ANINOSALICYLIC ACID IN PULMONARY TUBERCULOSIS.

INTRODUCTION.

The purpose of this paper is to review the present
status of para-aminosalicylic acid (PAS) in the treatment of
non-miliary pulmonary tuberculosis.

In 1940, Bernheim at Duke University, observed that
bengzoic and salicylic acids increased the oxygen uptake of human
strains of the tubercle basillus and oconcluded %that these two
acids were actively metabolized by the organism (2). Lehmann
(14) oconfirmed this observation for pathogenio stréins and also
observed that the oxygen consumption of non-pathogenic strains
of the organisms was not affected by these substrates. It was
reasoned that derivatives of benzoié acid might ocompete® in this
metahbolie process, and so, more than fifty suoh compounds were
studied and several proved to be tuberculostatio. Of these,

PAS was seleoted as the most promisinge.
THE CHEMISTRY OF PAS

PAS, also designated 4-amino-2-hydroxybenzoic acid,
is a white to tan orystalline solid with a melting point of about
150 degrees centigrade, with deoomposition which is dependent
on the rate of heating.

As the.rree acid, it is very slightly soluble in water,

giving a solution of pH 3.5 « 4.5. It is soluble with diffioulty
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in dilute mineral aosids, such as Hel, but quite freely scluble in
sodium bicarbonate solutions at a pH 7-8. PAS is unstable to heat
and especially so when in the form of solutions. Considerable
decomposition oocours in 10-15 minutes heating at 100 degroes
Centigrade. Loss of carbon dioxide (decarboxylation) is knowmn
to ocour, and, in addition, the darkening observed when con=-
centrated aqueous solutions stand for prolonged periods at room
temperature, suggests oxidative decomposition. Thus, heat
sterilization of <+the solid drug or its solutions must be avoid-
ed. The sblid material should be stored in a cool, dry place.
Protection from the sunlight is also indicated, as light exposure
favors darkening of the drug.

Satisfactory methods of determining the amounts of PAS

in blood, urine and tissue fiuids have been devised by Marshal (19).
THE PHARMACOLOGY OF PAS

IN VITRO STUDIES

Bacillery sensitivity to PAS was tested ifi vitro in
Sauton's medium to which PAS was added in ooncentrations varying
from 0«15 - 15 mg%. The dry weight of the bacilli was determined
when the growth éf the bacilii covered the surface of the medium.
Inhibition was sxpressed in per cent. The sensitivity of fifteén
different strains of tuberecle bacilli ineluding the BCG and H37RF
strain showed almost complete inhibition of more than 90% by a
conocentration of 0,16 -~ 16 mg%. At 0.015 mg# PAS some strains were
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inhibited to more than 50%, the avermge heing 56%.

nepeated exposures to PAS iﬂ;ziﬁzg_using virulent
strains of BCG iscolated from three month PAS-treated patients in
four series of 43 days, showed development of no resistance. In
another series of experiments the bacilli were isolsated from patients
treated with PAS up to eleven months and in vitro sensitivity to
PAS tested one or more times. In a few cases & slight degree of
resistance devel oped after four to eleven months of treatment with
PAS, However, the bacilli were still sensitive to the concentration
which prevailed in the bhlood during treatmert. The conclusion was
draws that resistance %o PAS is not readily acquired by the tubercle
bacillus and plays no important role in treatment of tuberculosis
with PAS (16). Youmans (25) end Sievers (20) confirmed these results.
ilore recent work, however, has indicated that resistance to PAS does
develops -

Vennesland, et.al. completed in vitro tests using PAS
and streptomycin sensitive human tubercle bacilli, H-37KvNRl.
They found that 0.74 gamms per cubic centimeter ol streptomycin
was completely inhibiting to the in vitro growth of streptomycin
resistant bacilli., 1.2 gamma per oubic centimeter of PAS almost
completely inhfibited the same bacilii. An amount of strepto-
mycin or PAS which is only mildly inhibiting alone was found, in
combination with a non-inhibiting amount of the other to exert an
inoreased inhibitory effect. This group concludes that the com=-
bination of streptomycin and PAS in eritical concentration is
more effective then either drug if the organism is streptomycin
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sensitive (22). Evidenocs of synergistic aotion of the two drugs
has not been found by other workers (10). It is generally
agreed, however, that Streptomyoin is more effective than PAS

in the bacteriocgtasis of the tubercle baeilli.

ANIMAL, STUDIES.

Lehmann has found that PAS is non-toxie to rats when
given as 5% of the food ration for one to two months. A blood
leval of 37 mg of frese acld per 100 00 was found with that dosage.
Guinea pigs were more sensitive and showed a decrease in appetite
and growth. Blood counts and hemoglobin levels were unaffected
in both the rat and the guinea pig {15).

Youmans conciuded that "PAS is highly bacteriostatio
in vitro for virulent human type tubercle bacilli, inoluding
strains resistant to the bacteriocstatioc aotion of streaptomycin,
and is a%t least moderately effective for the suppresion of
tuberoulous infeotions in white mice™ (11).

One group used 37 guinea pigs experimentally infected
and verified by:tuberculin sensitivity tests to have tubsroulosis.
Twenty of these were used as a control and 17 were treated with
PAS. Eight (47%) of the 17 treeted animals died while 16 (80%)
of the control group died. It was concluded that PAS exarts a
favorable influence on tuberculosis in the guinea pig (12).

Way, et. al. has established that PAS in rats, dogs and
humans is rapidly and totaily absorbad and rapidly exoreted.

Acoording to these workers, 85% of the ingested PAS can be re-
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covered from the urine. The recovery is in the form of free and
conjugated amines. Ten per cent of the total dosage of PAS has
been recovered from rat urine in the form of conjugated amines.
Little or no oonjugation cocurs in the dog (23).

No storage of PAS has been found in the rat, but the
largest amounts are temporarily found in lung, liver and plasma
protein.

HUMAN STUDIES.

PAS is rapidly absorbed and excreted by the human body.
A muoh higher peroentage of conjugation oocurs in man than in the
rat. Up %to 60% of the total dose is conjugated in man, 10% in
the rat, and 0% in the dog. Only the free drug is effective
therapeutically, and since the high degree of conjugation, and
excretion of much of the free drug before it ocan be used, it is
essumed that only a relatively small percentage of any single
dose will be effective. After a single oral four gram dose, or,
after repeated doses of 23 grams every six hours in humans, a
maximum level of approximately 100 mg per liter is rapidly attain-
ed and falls to less than 10 mg per liter by the end of six hours.

Three compounds containing a free amino group and two
compounds oontaining a conjugated amino group were separated from
the urine of an individual taking PAS. Of the free amino come-
pounds found, two are believed to be unchanged PAS and p-amino-

salioyluric and one of the conjugated amino compounds to be

acetylated PAS (25)s +%t was also found that 59% of the urinary
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anines were acetylated.

.PAS is quite insolubte in acid but becoms s much more
soluble as the pH inoreases. This is of possibie praoctiocal
importance for renal damage from crystalluria oould ooocur.
ADMINISTRATION AND DOSAGE OF PAS

PAS has been given via nearly every conoceivable route.
Among these are oral, intravenous, intramuscular, aserosal,
intratheoal, intrapleural, intraduodenal and lcecally. Since PAS
is rapidly absorbed by the oral route it is wise to give it in
this manner because patients prefer this roite.

The dosage schedule whioh produces bacteriostatic, free
PAS levels with the lowest percentage of conjugated product present
is the most efficient. An important problem assoociated with ths
determination of PAS blood levels is whether it is necessary to
maintain bacteriostatic concentrations constantly, or, whether,
as seems to be the case with streptomycin, it is suffiocient to
build up a tuberculostatic level only at suitable intervals. The
answer %o this question has not been obtained. A%t the present
time, the actual minimum therapeutic dosage of PAS is not es-
tablished. Blood levels of 1 mg% free PAS have been found suf-
ficient, at Fitzsimons General Hospital, to inhibit, in vitro,
all strains of the tubercle bacilius found there to date (1l).
Lehmann (21) considers his optimum dosage of PAS for pulmonary
tuberculosis to be 14 grams deily, divided. Twelve grams daily,

divided, is probably the average dosage used in this country.
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At Fitzsimons Gereral Hospital, the drug is given either
as a “Ycoocktail™ consisting of the powdered form mixed with orange
juice, grape juice or chocolats milk and then swestened to taste,
or in the liquid form. Liquid PAS is made by mixing the parted
substance with super proportions of sodium bicarbonate so that
the sodium salt of PAS is obtained. With propsr flavoring the

liquid drug is weli tolerated (24).
THE TOXICOLOGY OF PAS.

Toxicity from PAS has apparently not been a serious
problem. Diffarences in results obtained by wvarious groups is
now agreed to be due to differences in the quality of the sub-
stance used. There are not the usual saiioylate effects of
sweating, tinnitus, deafness and anti-pyresis (15-17). However,
these results are not well substantiated by experiment and so
definite oconolusions oannot be drawn.

There has been a rare report of liver damage and some
renal irritation has been reported. Up to 2b grams per day of
the drug have been adminietered with no complaints, and as
little as & grams per day has caused disturbances. The usual
symptoms are of a gastro-intéstinal nature such as nausea, vomit-
ing and especialiy diarrhea, although these have apparently never
been of such severe nature as to prohivit use of the drug.

It is the feeling in this country that the sodium sait

of PAS reduces the inoidence of drug toxiocity (23). But one cannot
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completely overliook the faot that Lehmann, one of the foremost
Swedish workers in this field uses the asid PAS almost entirely
because he feels that the sodium form is absorbed and excreted

too rapidly (16).
THE PREENT VALUE OF PAS IN NON-MILIARY PULMONARY TUBKRCULOSIS.

Since 1944 when Lehmenn first adminstered PAS to man in
the treatment of tuberculosis, many humans have taken the drug.
Much work is currentiy being done in +this country and a good
share of it is found in the Vetsrans and Army hospitals.

Gererally spesking, the results of the various workers
indicate that PAS is useful as a therapeutio agent against
pulmonary tuberculosis although iess effective than streptomycin.
Both drugs are under similar limitations when it comes to the
indications for chemotherapy of tuberculosis, whieh is a giant
problem in itself. The important point is that better drugs
are needed.

Streptomycin, though the drug of choice, has the very
serious objection in that bacterial resistance soon developes
%o it. PAS has the same undesirable characteristic (8, 5, 18).

Fortunatel y, PAS shows soms promise of being useful in
a siightly different way. Demerec (24) postulated that "the most

effective way of theoreotiocaily preventing origin of resistant

strains of bamoteria is the use, incclinical treatment of a mixture
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of two antibioticsew..that affect the sam= pathogen but are
indepencent in their aétions.” A group at the Mayo Clinic (29),
looking for a way to prevent the emergence of resistant strains
of bacilli to streptomycin, used a combination of PAS, strepto-
mycin and Promin. This method did not increase the toxicity of
ary one of the drugs and results showed fewer resis tant strains
of the tubercle bacilli than after a similar period of strepto-
mycin treatment alone.

The work at the Mayo Clinic seemed to bsar out Demerec's
theory for preventing the origin of resistant streins, and, so, with
this principle in mind, a ftreatment program combining daily PAS with
intermittent streptomycin was begin at Fitzsimons General Hospital.
Bixty-seven cases were used on the combined regimen of streptomyecin -
2 grams every third day and L2 grams daily of PAS for 120 days. This
regimen h;s been compared to & regimen (500 cases) of daily strepto-
myecin, 8 regimen (100 cases) of intermittent streptomyecin {(q ¥ day
streptomycin) and a regimen (50 cases) of daily PAS. The information
being sought was ths incidence of emergence of bacterial resistance
to the drugs on the different regimens. Knowing that different re-
search methods may cause considerabls error in final results, whieh
may render comparison of wvarious reported resultﬁ impossible, fthe
fellowing prineipies were  adhered %o: In order to compare properly
the effect of different dosage regimens on the emergence of resistant

straing of tubercle baciili, it is necessary (1) to employ s statisticale
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ly significant number of patients on each regimen, (2) to perform
the in vitro sensitivity determinettions by the same methcd, pre-
ferably in the same laboratory, (34) to use the same criterion of
resistance, end (4) to compute the results by the same method."
There was no attempt made to correiate clinical response with the
development of bacterial resistance. The results of the various
regimens have been tabulated in Table I., and have been expressed

on a percentile basis.

Days of Daily ui g o d. SM Combined 5M &  Daily PAS

therapy (%00 cases) (100 cases) Daily PAS (60 cases)

(67 cases) ~
Zresistent to &M % resistant to Resistant to PAS

combined
SM & PAS

28 1.5 o 0 0

C 42 Bel Qo 0 0

60 20.0 4.l 0 ]

76 3040 4.4 0 14,2

g0 4] .6 19.7 0 15.2

120 69.0 33.3 0 3.1

Table I shows the comparison of the incidence of bacterial re-
sistance in patients treated with different streptomycin and
para-aminosalicylic acid dosage schedulss.

TABLE 1. (106

According to the reported results, carried out to the

120%h day, the combined therapy regimen compares very favorably
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with the other regimens studied. This appears to be good evidence
thet the use of a combired regimen wiil, at least, greatiy de-
crease the incidemce of the emprgence of bacterial resistance to
these drugs in the treatment of tuberculosis. Subsequent veri-
fiocation of these findings will be quite encoureging, and, may
establish the waiue of PAS in pulmonary tuberculosis which will

be in a combinavion with intermittent streptomycin therapy and

the ability of this combination to prevent, or greatly_ourtail,

the emergence of resistant strains of tubercie baociili.

SUMMARY .

It is generally agreed that PAS is tuberculostatic
in relatively small amounts, but to a lesser degree than strepto-
myoin. *t has been proven eftective against humsn tuberculosis
as well as experimentat tuberoulosis in laboratory animals.

PAS, especially the sodium salt ot the drug, is be-
lieved to be not significantiy toxic in therapeutic quantities.
There are instances of general gastro-intestinal upsets follow-
ing use of the drug but none of the usual “salicylate reactions."
The average dose used in this country is 1l grams daily divided.

PAS, usaed alone causes smergence of resistant strains
of the tuberoie bacilli similar to the number found in strepto-
myoin therepy. PAS, lz grams daily in a oombined regimen using
¢ grams of streptomycin every three days, for a period of 120

days, has apparently prevented the origin of bacterial resistanoce
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to either drug. If this trend continues PAS will osrtainly
become a valuable adjunot in the treatment of' tuberculosis, and
will do this primarily because it prolongs the usefulness of

streptomycin in the chemotherapy of tuberculosis.
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