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Introduction
In 1943 the Swedish chemist Jörgen Lehmann 

(1898-1989) addressed a letter to the managers of 
the pharmaceutical company Ferrosan, suggesting 
the elaboration of the para-amino derivative of sal-
icylic acid as a potential antimycobaterial drug. He 
based his theory on available literature data regarding 
the avidity of tubercle bacilli to metabolize salicylic 
acid and hypothesized that by somewhat modifying 
the structure of the lead compound the new molecule 
would be taken up by the bacteria and would inhibit 
bacterial respiration and metabolism. Para-aminosal-
icylic acid (PAS) was produced and first tested as an 
oral therapy at the end of 1944. The first patient treat-
ed with PAS made a dramatic recovery; eventually 
PAS was shown to hinder the development of resis-
tance to streptomycin in M. tuberculosis [1, 2].

Despite the dramatic efficacy established by the 
pioneering trials, initially the work of Lehmann found 
only small attendance [1, 2]. In 1950 in the British 
Medical Council the reduction of resistance of my-
cobacteria in case of combined application of PAS 
and streptomycin was published. Streptomycin cured 
in monotherapy approx. 20% of tuberculous menin-
gitis, in combination with PAS and early initiation 

of treatment the cure rate improved up to 90%. The 
combination of both drugs reduced the selection of 
resistant strains tremendously [3]. In the 1950s of the 
past century isoniazid has been implemented into the 
treatment regimen [4]. The combination of isoniazid, 
PAS and streptomycin had been used until 1963 until 
ethambutol entered clinical testing. Ethambutol was 
shown to be approximately equivalent to PAS in po-
tency, and generally better tolerated than PAS when 
ethambutol was used at dosages of 25 mg/kg/day or 
less. Therefore, PAS was replaced by ethambutol as 
a primary antituberculous drug.  Eventually the intro-
duction of other antituberculotics such as rifampicin 
and pyrazinamide further reduced the clinical utility 
of PAS [5]. 

Because of the relative lack of use of PAS over the 
past 3 decades, most isolates of tuberculosis remain 
susceptible to it. Thus, due to a more and more fre-
quent occurrence of strains of Mycobacterium tuber-
culosis showing resistance to one or more of the first-
line medicines PAS has experienced a resurgence in 
the management of patients with multi-drug-resistant 
tuberculosis (MDR-TB) which is evident from the 
survey of available retrospective trials, case reports, 
government and institutional guidelines [6-10]. Since 
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then and nowadays PAS is used primarily as a sec-
ond-line drug to treat MDR-tuberculosis worldwide 
At present, due to the low degree of initial resistance 
and on the basis of the clinical support (from ret-
rospective cohort studies) PAS is considered a sec-
ond-line agent for the chemotherapy of tuberculous 
disease originating from polyresistant strains. It has 
been implemented in the current WHO Guidelines for 
the programmed management of drug-resistant tuber-
culosis [8, 11] and in the respective recommendations 
of the representative authorities such as the German 
central committee for the fight against tuberculosis 
(DZK) [12], the British Thoracic Society (BTS) [13] 
the American Thoracic Society (ATS) [14] the Cana-
dian Lung Association [15] and so on. 

I. Biopharmaceutical and Pharmacokinetic Prop-
erties
For the treatment of tuberculosis aminosalicylic acid 
is administered orally (as a free acid or as sodium, 
potassium or calcium salts) or parenterally (as sodi-

um aminosalicylate). More recently different dosage 
forms for pulmonary delivery have been described, 
as well [16-18]. The parenteral form of PAS is gener-
ally much better tolerated than the conventional oral 
forms, eben in excessive doses [19]. The oral dosage 
forms of aminosalicylic acid such as granules, tablets, 
oral solution etc. are available worldwide. The paren-
teral forms are available and widely used in Europe. 
The physicochemical and biopharmaceutical partic-
ulars of PAS and its sodium salt are summarized in 
table 1.

• Absorption
PAS and its salts are readily and completely absorbed 
from the gastrointestinal tract, whereby the bioavail-
ability depends on the chemical species (free acid, 
salt, ester etc.) and on the dosage form (tablets, solu-
tion, granules) [20-25]. Representative absorption 
characteristics and pharmacokinetic parameters of 
different dosage forms of PAS are summarized in Ta-
ble 2.

Table 1. Physicochemical and pharmaceutical characteristics of aminosalicylic acid and sodium aminosalicylate. 

INN: Aminosalicylic acid, Sodium aminosalicylate
Chemical name: 4-amino-2-hydroxybenzoic acid sodium salt dihydrate
CAS number: Sodium PAS.2H2O: 6018-19-5

PAS: 65-49-6
Molecular formula: Sodium PAS.2H2O: C7H6NO3Na. 2H20

PAS: C7H7NO3

Structural formula:  

Molecular mass: PAS: 153.14
Sodium PAS.2H20: 211.2

Pharmacopoeias: Ph. Eur.; BP; 
Melting point (PAS): Sodium PAS.2H2O: 150.5°C 

PAS: 250-254°C

pKa (PAS) 3.25
Polarity (PAS) Log P = 1.012
Properties Sodium PAS.2H2O: White or almost white crystalline powder or 

crystals, slightly hygroscopic. Freely soluble in water, sparingly 
soluble in alcohol, practically insoluble in methylene chloride
PAS: One gram dissolves in about 500 ml water, in 21ml alcohol. 
Slightly soluble in ether. Practically insoluble in benzene. Soluble in 
dilute nitric acid or dilute sodium hydroxide
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aMeans from two female patients; bMeans from three 
male patients; cA proprietary oral formulation of PAS 
(sustained release granules) employed in the USA; 
References: *[23];**[25]

A single oral dose of 4 g of the free aminosalicylic 
acid produces maximal concentrations in plasma of 
70-80 μg/ml [23]. The time to reach maximal plasma 
levels after oral ingestion is 1 to 2 hours. The sodium 
salt is absorbed even more rapidly [23]. Application 
of higher doses leads to higher plasma levels but the 
oral route generally fails to yield plasma levels ex-
ceeding 100 μg/ml; moreover single oral doses ex-
ceeding 12-18 g are practically intolerable due to the 
severe gastric irritation and the associated sequelae, 
produced by aminosalicylic acid [19, 26-28]. In con-
trast, when sodium aminosalicylate is applied as slow 
infusion patients are able to tolerate as mush as three 
fold higher doses than the maximally tolerated oral 
doses. Using intravenous infusion the initial plasma 
levels of aminosalicylic acid of 400 μg/ml or higher 
could be attained [25, 26]. 

• Distribution
Aminosalicylic acid is distributed throughout the total 
body water and reaches high concentrations in pleu-
ral fluid and caseous tissue [29]. The volume of dis-
tribution is estimated as approximately 16 L (~ 24% 
of the body weight) [26, 30]. The distribution half-
life is ca. 1 h. The highest levels of aminosalicylic 
acid are attained in the kidney, adrenal glands and the 
spleen [26]. The concentrations in the lung and liver 
are high as well [19, 26]. The diffusion through the 
blood-brain barrier is poor because to the polarity of 
the drug and due to an active efflux transport [31]. In 

cases of meningeal inflammation however CSF levels 
as high as 50% of the plasma concentration could be 
reached. The co-administration of anti-inflammatory 
salicylates or of probenecid has been found to inhibit 
the transport of aminosalicylic acid across the arach-
noidal plexus [19]. The drug is 50-73% bound to plas-
ma proteins [23, 31]. Aminosalicylic acid crosses the 
blood brain barrier and is excreted into milk of lactat-
ing women [31, 32].

A specialized pharmacokinetic study has been 
conducted to assess the impact of hemodialysis on 
the biodisposition of different antituberculous agents, 
incl. aminosalicylic acid. The experimental results 
suggest that hemodialysis is capable of removing 
PAS and its major metabolite acetyl-PAS. Overall, re-
covery of acetyl-PAS in dialysate is greater than that 
of its parent compound, confirming that metabolism 
remains the primary mode of elimination. Due to the 
small magnitude of influence however the authors 
conclude that if PAS is used in a long-term hemo-
dialysis patient, supplemental dosing to account for 
dialysis removal does not appear warranted [33]. PAS 
removal from circulation is not facilitated by perito-
neal dialysis [19, 26].

• Biotransformation
Aminosalicylic acid is rapidly metabolized starting 
in the gastrointestinal tract and then in the liver. The 
main biotransformation pathway is N-acetylation to 
N-acetyl-PAS, which is devoid of bacteriostatic ac-
tivity against M. tuberculosis. A glycine conjugate 
of aminosalicylic acid (aminosalicyluric acid) is also 
formed, which is also non-active against mycobacte-
ria. Bang et al. have presented the metabolite-profile 
following a single application of 12 g aminosalicylic 
acid. Three hours post application the blood levels of 

PAS products Dose (g) Cmax
 (μg/ml) tmax (h) AUC0-∞ (µg∙h/ml)

PAS (p.o.)* 4.0 49.98 3.54 209.07
Na+ PAS (p.o.)* 2.8 155.44 0.83 313.22
Na+ PAS (i.v.)** 18.5 524a; 422b — —
Ca++ PAS (p.o.)* 2.6 139.51 1.02 326.22
K+PAS (p.o.)* 2.6 121.09 1.10 313.22
PAS resin(p.o.)* 4.0 78.0 2.1 —
Paser® (p.o.) c* 4.0 20.23 7.95 107.92

Table 2. Summary of absorption characteristics and some pharmacokinetic parameters of different aminosalicylic acid 
preparations 
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the drug and the metabolites have been presented as 
follows: approximately 67-80% of the dose occurs 
unchanged, 16-22% are metabolized to acetyl-PAS 
and 4-11% are converted into glycyl-PAS [34].  
It is worth mentioning that both acetylation and gly-
cine-conjugation of aminosalicylic acid are saturable 
processes [34]; thus 100 µg/mL unchanged amino-
salicylic acid is found in the urine after a 4-g dose, 
and more than 500 µg/mL after an 8-g dose [23]. 
The saturation of conjugative metabolism is espe-
cially marked after intravenous application of high 
doses whereby a significant portion of the drug re-
mains non-metabolized and hence the concentration 
of the free drug in plasma and tissues is significant-
ly higher as compared to lower doses and especially 
to oral treatment [26]. Although N-acetyl-PAS and 
glycine-PAS are the chief biotransformation prod-
ucts there are also several minor inactive metabolites 
identified in the urine following administration of 
aminosalicylic acid, these include an sulphate metab-
olite of aminosalicylic acid, ester and ether glucuron-
ides of the free drug, ester and ether glucuronides of 
N-acetyl-PAS [35, 36].

Arylamine N-acetyltransferases which are in-
volved in the most important biotransformation path-
way of PAS, have been long associated with phar-
macogenetics [37]. The ability to metabolize the an-
ti-tubercular drug isoniazid was amongst the earliest 
genetic variation in drug metabolism to be identified. 
It has been established that the ability to inactivate 
isoniazid was under the control of a somatically in-
herited recessive trait leading to the slow acetylation 
phenotype [37, 38]. This peculiarity has been related 
to the ability to metabolize a range of drugs including 
some hydrazide (e.g. hydralazine, phenelzine, isonia-
zid) and also arylamine drugs (incl. procainamide and 
sulphamethazine) [37, 38]. Such substrates have been 
referred to polymorphic substrates. In contrast further 
series of arylamine drugs and arylamine compounds 
metabolized by N-acetylation have labeled as mono-
morphic  e.g. PAS and p-aminobenzoic acid (PABA), 
because the ability to metabolize these compounds 
has showed a different population genetic pattern 
and is not influenced by the genetic polymorphism 
i.e. the acetylator status [37-39]. Now it is firmly es-
tablished that the difference between the polymor-
phic and monomorphic substrates is conditioned by 
the abundance of two isoforms of acetyl-transferase 
in humans, designated NAT2 and NAT1 which have 
distinct albeit overlapping substrate profiles and also 
have specific substrates.  Thus isoniazid and the other 
drugs showing the same interindividual variation in 

N-acetylation are metabolized by the human isoen-
zyme NAT2, whereas the monomorphic substrates 
such as aminosalicylic acid are metabolized by NAT1 
[37, 39].

• Elimination
Following an oral dose aminosalicylic acid has a half-
life of approximately 1 hour, and its concentrations in 
plasma are negligible within 4 to 5 hours after a single 
conventional dose; within 24 hours more than 80% of 
the dose is excreted.  [19, 23, 31]. After intravenous 
application the elimination half life is generally short-
er and is estimated to be approximately 26 min [19]. 
Over 80% of the drug is excreted in the urine; more 
than 50% is in the form of the acetylated compound; 
the largest portion of the remainder is made up of the 
free acid [29, 30]. Apart from glomerular filtration the 
half of the dose especially the metabolites are elimi-
nated by tubular secretion [26]. Excretion of amino-
salicylic acid is greatly retarded by renal dysfunction, 
and the use of the drug is not recommended in such 
patients. Probenecid decreases the renal excretion of 
aminosalicylic acid and especially of its major me-
tabolites [31].

As already mentioned the conjugative metabo-
lism of aminosalicylic acid is a saturable process and 
hence with high doses greater amounts of non-metab-
olized drug will be present in the urine. Thus when 
doses higher than 12 g/daily are applied crystalluria 
may ensue [19, 26]. Crystalluria may be avoided by 
maintaining the urine in an alkaline or neutral pH e.g. 
by application of sodium hydrogen carbonate which 
will enable the formation of sodium and potassium 
salts, which are more soluble than the free acid [30].
Minor amounts of an ingested dose (ca. 3%) are elim-
inated via feces and bile [30]. Aminosalicylic acid 
crosses the placenta and is excreted into human milk 
[19, 32].

• Dosage and administration
The guidelines for the oral application of the drug in 
adults suggest a dose of 12 g PAS per day. This dose 
should be divided into two donations throughout the 
day. The American Thoracic Society recommends a 
PAS dose of 150 mg/kg daily in adults and children, 
with a maximum daily dose of 12 g [14].
The parenteral dosage of PAS should take place intra-
venously. As solvent a volume of 500 ml of water for 
injections is recommended. A duration of infusion of 
2-4 hours is proposed. The parenteral application of 
PAS is almost entirely used in Europe; Opl and Kuntz 
et al. have described the exemplary parenteral appli-
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cation of aminosalicylic acid [40, 41]. 
The monograph of PAS published in the German 

Bundesanzeiger and the guidelines of the German 
central committee for the fight against tuberculosis 
recommend a daily dose in adults and children older 
than 14 years of 10-15 g of free PAS, usually apply-
ing a dose of 12 g [12, 19]. A maximal dose of 40 g 
free PAS as intravenous infusion should not be ex-
ceeded [19, 26].

Dosage in special populations 
The elimination of aminosalicylic acid is slower 

in neonates and especially in premature newborns. 
Neonates and premature infants as well as children 
up to an age of 6 should be given 200-300 mg free 
PAS per kg bodyweight on a daily basis. Children in 
school age should receive 200 mg of free PAS per kg 
bodyweight daily  [26]. 

Although aminosalicylic acid is mainly metabo-
lized via the hepatic N-acetyltransferases subject to 
genetic polymorphism its half-life is not influenced 
by the acetylator status; it is thus considered a mono-
morphic substrate [37-39]. Nevertheless the possibil-
ity of clinically significant interactions with isoniazid 
is presumably higher in fast-acetylators. The clinical 
significance of this interaction is considered generally 
low [30]. 

Even though some reports show no alteration of 
the drug in patients with liver disease, compared with 
normal volunteers, aminosalicylic acid should be used 
with caution in patients with hepatic impairment, as 
these patients may not tolerate aminosalicylic acid as 
well as patients without liver disease [23].

Aminosalicylate sodium should be generally 
avoided in severe renal disease, unless no therapeu-
tic alternative exists [19, 26, 31]. Although the serum 
half-life of the parent compound is not altered in renal 
disease, that of the metabolites is prolonged 6-fold. 
Because deacetylation is not significant, accumulation 
of the acetyl metabolite is likely. This may exacerbate 
the GI symptoms and platelet dysfunction associated 
with uremia and potentiate acidosis [23, 42]. Few re-
ports are available regarding experience with PAS in 
patients with renal failure. Case reports involving five 
patients indicate that PAS has been used in patients 
with renal failure in doses ranging from 2 to 6 g after 
dialysis to 4.5 to 12 g/daily (the dosage forms have 
not been indicated). A patient who received 12 g/daily 
experienced upper gastro-intestinal bleeding attribut-
ed to drug-induced gastritis [33]. Aminosalicylic acid 
should be avoided in patients with a GFR below I0 
mL/min, if possible [23]. Because both PAS and ace-

tyl-PAS are removed by dialysis, the drug should be 
given after dialysis to avoid premature removal of the 
drug [14, 33].

Due to the high sodium content of the parenteral 
PAS-Na formulations and the propensity of the drug 
to cause electrolyte abnormalities it has to be applied 
with caution in patients with edematous states [19]. 
No specific recommendations for dose adjustments in 
obesity have been formulated. Aminosalicylic acid is 
a hydrophilic agent, and therefore, larger than usu-
al doses may be required in patients with ascites or 
edema. This can be determined by measuring serum 
concentrations and therapeutic drug monitoring [23]. 

II. Pharmacodynamics 
Although the drug is in clinical use for over 6 decades 
and despite the extensive research efforts, its precise 
mode of action remains elusive. There are two mech-
anisms responsible for aminosalicylic acid‘s bacte-
riostatic action against Mycobacterium tuberculosis. 
Firstly aminosalicylic acid inhibits folic acid synthe-
sis; as mycobacteria are unable to use external sourc-
es of folic acid, cell growth and multiplication slows 
[23, 43-45]. Moreover aminosalicylic acid has been 
proven to inhibit the synthesis of mycobactins, which 
are crucial siderophores for tuberculous bacilli, and 
hence the drug disrupts the iron intake of susceptible 
acid-fast bacteria [46] (See below). 

• Antifolate effects 
Aminosalicylic acid is a bio-isostere of para-amino-
benzoic acid, and its mechanism of action appears to 
be analogous to that of the sulfonamides. Neverthe-
less the sulfonamides are ineffective against M. tu-
berculosis, and aminosalicylic acid is inactive against 
sulfonamide-susceptible bacteria. This differential 
sensitivity presumably reflects differences in the 
enzymes responsible for folate biosynthesis in the 
various microorganisms [26, 29, 31]. Sulfonamides 

are also structural analogues of para-aminobenzo-
ic acid, the substrate of dihydropteroate synthase 
(DHPS) (encoded by folP1/folP2 in Mycobacteria), 
and function as competitive inhibitors of this enzyme. 
FolP1 and its putative homologue FolP2 catalyze the 
condensation of para-aminobenzoic acid and 6-hy-
droxymethyl-7,8-dihydropterein pyrophosphate to 
7,8-dihydropteroate, which in turn is converted to 
dihydrofolate and reduced to generate the tetrahydro-
folate (THF) by the enzyme dihydrofolate reductase 
(encoded by dfrA) [47]. THF is an important co-fac-
tor needed for 1C fragment transfer and the synthesis 
of purines, thymidine and methionine [47].
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Surprisingly, unlike the sulfonamides the PAS-inhibi-
tory activity of DHPS has proven to be unexpectedly 
poor in vitro. The inability to demonstrate inhibition 
in vitro, however, does not rule out the role of DHPS 
as the in vivo target of PAS. It is possible that PAS 
accumulates to high levels within bacterial cells, 
leading to inhibition of DHPS activity in vivo. Al-
ternatively, analogous to the mode of action of other 
antituberculosis drugs such as isoniazid and pyrazin-
amide, PAS might be converted to a more potent ‘ac-
tive’ form inside bacterial cells [47], as recently cor-
roborated by experimental findings [43, 44]. Zheng 
et al. have recently shown that PAS is a prodrug tar-
geting dihydrofolate reductase (DHFR) through an 
unusual and novel mechanism of action. They have 
provided evidences that PAS is incorporated into the 
folate pathway by dihydropteroate synthase (DHPS) 
and dihydrofolate synthase (DHFS) to generate a hy-

droxyl dihydrofolate antimetabolite, which in turn in-
hibits DHFR enzymatic activity. Interestingly, PAS is 
recognized by DHPS as efficiently as its natural sub-
strate para-amino benzoic acid [43]. 

• Inhibition of mycobactin biosynthesis and dis-
ruption of iron homeostasis in mycobacteria 
Salicylate is precursor for the biosynthesis of myco-
bactins and carboxymycobactins, which are important 
siderophores in mycobacteria [48, 49]. Aminosalicyl-
ic acid is a salicylate isostere and has been proven to 
inhibit the biosynthesis of both mycobactin and car-
boxymycobactins thus hampering the iron transport 
and trafficking in Mycobacteria [46, 48, 49]. Treat-
ment of M. smegmatis and M. bovis with PAS has 
been found to be always more effective when the cells 
are growing with a sufficiency of iron than with a de-
ficiency of iron. Under high iron conditions the genes 

Species/strain identifier Medium Inoculum Incubation time 
(days)

MIC (µg/ml)

M. tuberculosis H37RV YS 0.01 mg ww N.S. 1.5
D N.S. N.S. 1.2
D 0.001 mg dw 14 0.49
HO N.S. 21 4.0
HO 0.01 mg ww 28 + 42 1.0
KT — — 0.25
TAM N.S. 21 1.0
KI N.S. 21 0.5
YS 1 mg ww 21 + 28 0.32

M. tuberculosis — — — 0.48
M. tuberculosis (14 strains) S N.S. 20 0.25 – 0.5

GD N.S. N.S. 1.53
LJ — 21 3.3

M.bovis (3 strains) S N.S. 20 25
M. avium S N.S. 20 500
M. kansasii Sula 104-106 cells 24 1-10
M. kansasii YS 1 mg ww 21 + 28 19.0
M. smegmatis KTA — — 125
M. battei YS 1 mg ww 21 + 28 250

Table 3. Minimum inhibitory concentration (MIC) of aminosalicylic acid for different mycobacteria [50].

Abbreviations of media: LJ=Löwenstein-Jensen, HO=Hohn, D=Dubos; KI=Kirchner; KT=Kirchner with Tween: 
KTA=Kirchner with Tween and albumine; TAM=Tween-albumine-medium; YS=Youmans with serum; ww – wet weight; 
dw – dry weght.
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for mycobactin and carboxymycobactin biosynthesis 
are repressed and thus the few copies of the various 
enzymes that remain are adequately inhibited by PAS 
[48]. However when the cells are iron deficient, PAS 
is less effective because its intracellular concentration 
is, in effect, diluted by the greater abundance of the 
target enzyme(s). Nevertheless under these conditions 
the formation of mycobactin is strongly inhibited by 
PAS though that of carboxymycobactin is less effect-
ed and may even be increased, and the concentration 
of salicylic acid is increased considerably, in some 
cases by over 15-fold, by the action of PAS. These 
inhibitions though do not lead to the same degree of 
cell killing as occurs with the iron sufficiently grown 
mycobacteria [48]. These data point out that PAS at 
least partly exerts its pharmacological action in the 
conversion of salicylate to mycobactin; thus its effec-
tiveness as an anti-tuberculous compound is mediated 
by preventing the bacteria from acquiring iron from 
the host [46, 48]. 

• Antimicrobial activity/Spectrum
Aminosalicylic acid is a bacteriostatic drug with a 
remarkably narrow spectrum of clinically-relevant 
activity. It is specifically active only against acid-fast 
organisms, with clinically useful activity primarily 
against M. tuberculosis and M. bovis [29, 50]. Ami-
nosalicylic acid does not have sufficient in vitro ac-
tivity against M. avium complex and most other atyp-
ical mycobacteria to warrant its use, although some 
strains appear to be susceptible [23, 50, 51]. The min-
imal inhibitory concentrations (MICs) of PAS against 
M. tuberculosis vary, depending upon both the media 
and the inoculum size. Generally in the susceptible 
strains MICs of 0.5 to 2.0 μg/mL or 1 up to 10 µg/mL 
have been reported (See Table 3). It is important to 
note that MICs reported with PAS often do not repre-
sent complete (>90%) inhibition  [23]. 

• Resistance 
Resistance to PAS may be natural or acquired. As 
with other antimycobacterial agents, resistance in 
previously susceptible organisms may develop rap-
idly both in vivo and in vitro when PAS is used as 
a single agent in the treatment of tuberculosis [23]. 
This appears to be due to naturally occurring resistant 
mutants present in a population of mycobacteria. In 
particular the spontaneous occurrence of aminosali-
cylic acid-resistant mutants in wild strains of Myco-
bacterium tuberculosis  is as low as 10-6 [15]. Under 
the selective pressure of a single drug, all organisms 
are eliminated except the resistant subpopulation, 

which continues to multiply, eventually becoming 
the dominant population. It was found that 17.2% of 
patients previously treated with PAS acquired resis-
tance; this was more profound in those receiving PAS 
monotherapy. Acquired resistance may be prevented 
by using PAS in combination with at least one or two 
other antimycobacterial drugs [23].

Although primary drug resistance to PAS is possi-
ble, it is much less common in developed countries. 
In 1963 Britain reported an incidence of 0.890 pri-
mary resistance while Australia reported 0.7 to 1.0% 
from 1972 to 1977. An incidence of primary resis-
tance below 1% was reported from 1975 to 1982 in 
the United States, with some geographic and ethnic 
variance. The incidence is higher in developing coun-
tries, some Eastern European countries and in South-
east Asia [23].

Resistance to aminosalicylic acid in Mycobacte-
rium bovis BCG is associated with insertions in the 
thymidylate synthase (thyA) gene, a critical determi-
nant of intracellular folate levels. BCG thyA mutants 
have reduced thymidylate synthase activity and are 
resistant to known inhibitors of the folate pathway. 
Mutations in thyA and dihydrofolate synthase are as-
sociated with clinical PAS resistance as well [45, 47, 
52, 53].

With the only exception of thiacetazone, there is no 
evidence of cross-resistance between aminosalicylic 
acid and other antituberculosis drugs. The cross-re-
sistance appears only in PAS-highly-resistant mu-
tants, which are 5 times as resistant to thiacetazone as 
parent sensitive organisms. PAS-low-resistant strains 
remain sensitive to thiacetazone. All thiacetazone-re-
sistant mutants, on the other hand are sensitive to PAS 
[50]. This cross-resistance would not be predicted on 
the basis of structure similarity of known mechanism 
of action, and its nature is not known [23]. Although 
p-aminobenzoic acid antagonizes both PAS and sul-
phonamides, no cross-resistance between PAS and 
the sulphonamides has been detected [50].

Acquired resistance to PAS can be prevented by 
using the drug with at least two additional active 
agents. Higher doses of PAS as monotherapy do not 
prevent the emergence of resistant microorganisms. 
In vitro studies have indicted that sub-inhibitory con-
centrations facilitate selection of resistant mutants. 
It is not known if this also occurs in vivo, although 
the possibility exists. Thus, it appears desirable to 
achieve serum concentrations above the MIC of the 
isolate [23, 27].
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• PK/PD relationships, Therapeutic drug moni-
toring 
Aminosalicylic acid, like the other antimicrobial an-
tifolates in clinical use is not bactericidal. It does not 
penetrate well into mammalian cells, and it does not 
appear to inhibit the growth of M. tuberculosis within 
macrophages, based on current data. PAS solutions 
may be light sensitive, and heat (>80°C) can rapidly 
destroy the drug in solution [23, 50]. Para-aminoben-
zoic acid (PABA), biotin and certain purines com-
petitively antagonize the action of PAS in vitro, but 
neither folic acid nor folinic acid appears to do so [23, 
50, 54]. 

No post-antibiotic effect has been reported with 
aminosalicylic acid. Moreover sub-inhibitory con-
centrations of aminosalicylic acid do not seem to ex-
ert a significant beneficial effect; in contrast they may 
be associated with selection of resistant isolates in vi-
tro. It is not known if sub-inhibitory concentrations of 
aminosalicylic acid contribute to multidrug therapy in 
vivo [23].

There appears to be a linear relationship between 
aminosalicylic acid concentration in vitro and growth 
of mycobacteria, producing 50 to 95% inhibition 
[50]. PAS is fairly slow to act taking more than 24 h 
to show inhibition, even at high concentrations. There 
also appears to be an significant inoculum effect with 
PAS; thus large inocula yield nonlinear decreases in 
the in vitro activity of the antituberculosis drug [23, 
50]. Studies regarding the early bactericidal effects 
(EBA; defined as the fall in colony-forming unit 
counts/mL sputum/day during the first 2 days of treat-
ment) of aminosalicylic acid has been carried out in 
4 patients.  Although considered a weak drug, mainly 
useful for preventing the development of resistance 
to companion drugs, a moderate EBA within days 
0-2 post treatment of 0.259 log10CFU/mL sputum/
day was recorded for PAS, although this is far less 
prominent than the EBAs for the first-line agents and 
especially isoniazid [55].

The issue of whether PAS works optimally with 
continuous serum concentrations or intermittent high 
serum concentrations has been raised. A controlled, 
prospective study compared the outcomes of patients 
receiving self-administered isoniazid (INH) (4 mg/
kg/day) plus PAS (0.2 g/kg) every day, each as two 
equally divided doses, with directly observed INH 
(15 mg/kg/day) and PAS (0.2 g/kg) twice weekly, 
each as single oral doses. All patients received 14 
days of an initial intensive regimen or daily directly 
observed INH, streptomycin, and PAS. Of the evalu-
able patients, favorable bacteriologic responses were 

obtained in 79 of 90 (88%) twice-weekly patients and 
in 72 of 83 (87%) of the daily patients. Exceptions 
to the favorable responses in the twice-weekly group 
included those resistant to INH and those with ad-
vanced disease. The twice-weekly regimen was bet-
ter tolerated. Although the differences were not large, 
they do indicate that future studies into varying dos-
ing regimens of PAS may be warranted [23].

III. Clinical efficacy
At present, due to the low degree of initial resistance 
and on the basis of the clinical support (from ret-
rospective cohort studies) PAS is considered a sec-
ond-line agent for the chemotherapy of tuberculous 
disease originating from polyresistant strains.  The 
following section deals with a concise representation 
of most important pioneering trials as well as with the 
more recent investigations of the drug in the MDR/
XDR-setting.

• Pioneering trials - use as a monotherapy
At present tuberculosis is treated with combined che-
motherapeutic regimens. The following section is giv-
en for the sake of comprehensiveness. Lehmann has 
reviewed in depth the pioneering clinical experiences 
with PAS monotherapy [1, 2]. The results of 378 cas-
es of pulmonary tuberculosis treated with PAS alone, 
were presented in the reports of six Swedish sanato-
ria. Two-hundred and five of these cases were selected 
and compared with 223 cases treated with streptomy-
cin alone, reported by the Veterans Administration in 
the United States. The patients treated with PAS alone 
showed a somewhat slower regression of the pulmo-
nary infiltration but a better effect on temperature 
and the erythrocyte sedimentation rate. The Swedish 
National Association against tuberculosis published a 
report of 94 patients treated with PAS who were com-
pared with 82 patients given a placebo. Statistically 
significant, more rapid improvement was seen in the 
PAS group [2]. DeJanney et al. have published some 
of the first clinical efficacy data with PAS (a non-con-
trolled evaluation) for the treatment of pulmonary 
tuberculosis and tuberculosis meningitis (see below). 
The presented series comprises 40 patients with pul-
monary tuberculosis. In these pulmonary cases there 
were five who also had endobronchial lesions which 
failed to respond to prolonged streptomycin therapy. 
Regarding the clinical safety aspects, the results for 
the study show that 64.3% of the patients had evi-
dence of some degree of toxicity. Fifteen grams per 
day were found to be intolerable when given as the 
free acid with few exceptions. There was fairly good 
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tolerance on a schedule of 9.6 to 10.5 g/day and this 
dosage was found to be therapeutically effective. On 
the other hand 22 cases (52.4%) showed symptomatic 
benefit. Of the remainder who exhibited no symptom-
atic improvement 11.9% were asymptomatic before 
PAS was given. In this series PAS was given to pa-
tients with severe disease; 88% of the patients were 
streptomycin failures and 90% had bilateral disease. 
Cavitation was present in all cases except six. Of the 
40 patients with pulmonary tuberculosis 42.5% had 
mixed or productive disease, and definite clinical and 
x-ray improvement directly attributable to PAS was 
seen in 27 or 67.5%. Taken together the results of this 
study indicate that PAS is highly effective in endo-
bronchial tuberculosis; moreover pulmonary tuber-
culosis which has failed to respond to streptomycin 
does not preclude the use of PAS. Of such cases in 
the present series 67.5% showed improvement direct-
ly attributable to the latter drug [56]. 

Phillips et al have presented an interesting dose 
escalation study of PAS monotherapy. This study was 
an attempt to determine whether the administration 
of large doses of para-aminosalicylic acid, 18 to 24 
g/day, was feasible and advantageous in the treat-
ment of pulmonary tuberculosis. Patients for this 
study were not especially selected and were treated 
with gram quantities of PAS daily. In addition, six pa-
tients whose sputum investigation showed organisms 
definitely resistant to streptomycin were added to 
the study. This made a total of 28 patients who were 
started on the proposed therapy. In six of the patients, 
collapse measures were added sometime during the 
course of treatment. The 28 included PAS was giv-
en in the form of sodium salt. The equivalent of 6 g 
of PAS was administered four times daily with food 
for a proposed period of 120 days. Of the 28 begun 
on 24 grams of PAS, only 12 (42.8%) completed the 
course of 120 days. However, six others were able to 
complete the course after the daily dose was reduced 
to 18 grams. This makes a total of 18 (64.2%) who 
were able to tolerate high doses of PAS for 120 days. 
Almost all developed some symptom of drug toxici-
ty, mainly anorexia, vomiting, or diarrhea. In most, 
however, the omission of the drug for a day or two 
was sufficient to alleviate the symptoms and permit 
the prompt resumption of therapy. On the other hand, 
in three, these symptoms were so severe as to warrant 
the cessation of therapy within the first month. Weight 
loss occurred in 54.2% of our group, probably as a re-
sult of the gastro-intestinal dysfunction produced by 
the large doses of PAS and moreover marked decrease 
in prothrombin levels was associated with the high 

dose regimen. These findings indicate that albeit high 
dosages of PAS are possible in most patients able to 
take smaller doses, the side-effects are more common 
and more troublesome. Most importantly the results 
obtained with the use of high doses of PAS, are not 
impressive as compared to the use of combined ther-
apy and anyway the use of PAS alone gives rise to 
strains of resistant mycobacteria [27]. 

• Efficacy in combination with other drugs
What follows is a brief outline of the controlled clini-
cal trial, follow-up studies, retrospective cohort stud-
ies and illustrative case reports to demonstrate the 
clinical efficacy of PAS as part of combined chemo-
therapeutic regimens.

In order to facilitate readability and due to space 
limitations in this section the following standard ab-
breviations are used, instead of the full INNs of the 
antituberculous agents, as follows: i) first line agents: 
ethambutol – EMB; Isoniazid – INH; streptomycin – 
SM; rifampicin – RMP; ii) second line agents: amin-
osalicylic acid – PAS, cycloserine - CS , ethionamide 
– ETH, levofloxacin - Lfx, kanamycin – KM, and 
prothionamide – PTH.

PAS vs. SM vs. PAS + SM
In a randomized clinical trial 166 patients with 

acute progressive bilateral pulmonary tuberculosis 
were treated with PAS and/or streptomycin. Of these 
59 patients were treated with PAS (P group), 54 with 
streptomycin (S group), and 53 with both streptomy-
cin and PAS (SP group). Patients were assigned to a 
treatment group by random selection. PAS was given 
in the form of the sodium salt, 20 g/day. The daily 
dose of streptomycin was 1 g. Chemotherapy was 
given for three months, and observation for the trial 
continued for further three months. Patients treated 
only with PAS showed better response than patients 
with similar disease treated without chemotherapy, 
reported in earlier streptomycin trials in pulmonary 
tuberculosis. PAS was less effective than streptomy-
cin. In 34% of the P group there was no apprecia-
ble radiological change, compared with 6% of the 
S group. Marked radiological improvement (2- or 
3-plus) was seen in 22% of the P group and in 56% 
of the S group. The difference was greatest in febrile 
patients. Improvement was somewhat greater in the 
SP group than in the S group, but the differences were 
small. The proportion of cases becoming bacterio-
logically negative was highest in the SP group. The 
outstanding effect of combined therapy was on emer-
gence of drug resistance. Strains with a streptomycin 
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resistance ratio above 8 were isolated in 33 of 49 S 
cases, and in only 5 of 48 SP cases; in 2 of these 5 
there was only a single resistant culture. Deterioration 
in the S group was related to the emergence of strep-
tomycin resistance [3]. 

In another trial to compare PAS has been evalu-
ated in 30 patients five of whom received only this 
drug, 12 concurrently with streptomycin and 13 after 
streptomycin had been discontinued. The daily dose 
of PAS was 9 g in four divided doses. The total dose 
averaged 683 g; the smallest being 297 g and the 
largest 1288 g. The clinical end-points of the study, 
i.e. the criteria for improvement included changes in 
general condition, serial x-ray examinations of the 
chest, blood counts and sedimentation rates. Toxic ef-
fects were judged by frequent liver function tests and 
blood counts. The results from the study have shown 
that PAS is not as effective as streptomycin. Best re-
sults are obtained when it is used in conjunction with 
the latter. 40% of the patients improved who received 
only PAS, 72.7% when it was utilized in conjunction 
with streptomycin and 61.6% when it followed the 
use of streptomycin. Transient nausea and one case of 
transient leukopenia and granulocytopenia were the 
only toxic effects observed [57].

INH + PAS vs. INH alone
Devadatta et al. from Tuberculosis Chemothera-

py Centre in Madras (nowadays Chennai, India) have 
presented a study to assess the response of patients 
infected with isoniazid-resistant tubercle bacilli to 
treatment with isoniazid plus PAS or isoniazid alone. 
Twenty (5.9%) patients excreting isoniazid-resistant 
mycobacteria were encountered among 338 previous-
ly untreated patients with active pulmonary tubercu-
losis who were admitted to a chemotherapeutic study. 
315 of the patients infected with isoniazid-sensitive 
tubercle bacilli (the S patients) have been compared 
with the 20 patients infected with resistant organisms 
(the R patients). There was little difference in terms 
of the extent of the radiographic lesion, the extent of 
cavitation or the bacterial content of the sputum be-
fore the start of treatment. In all, 90 S patients and 
six R patients were treated with isoniazid plus PAS, 
while 225 S patients and 14 R patients received iso-
niazid alone in three different dosage schedules. The 
treatment was allocated for a year. By the end of 12 
months of treatment eight (9%) of 86 S patients on 
isoniazid plus PAS showed an unfavorable bacterio-
logical response, as compared with five (83%) of the 
six R patients. Correspondingly, 93 (43%.) of 216 S 
patients on isoniazid alone showed an unfavorable 

response, as compared with 12 (86%) of the 14 R pa-
tients. The differences attain statistical significance in 
both the treatment series. Evidence has been adduced 
to show that the response of the R patients was due to 
the  studied chemotherapeutic intervention [58].

Another early study has been conducted to pro-
vide a controlled comparison of four chemotherapeu-
tic interventions of PAS + isoniazide vs. various reg-
imens of isoniazide administered alone. The chemo-
therapeutic regimens were as follows: (a) 3.9-5.5 mg/
kg body-weight of isoniazid plus 0.2-0.3 g/kg body-
weight of PAS (sodium salt) daily in two doses (the 
standard combined chemotherapy); (b) 7.8-9.6 mg/kg 
body-weight of isoniazid alone daily in one dose; (c) 
7.8-9.6 mg/kg body-weight of isoniazid alone daily 
in two doses; (d) 3.9-5.5 mg/kg body-weight of iso-
niazid alone daily in two doses. The results from this 
trial unambiguously point out that isoniazid plus PAS 
has proved to be the most satisfactory regimen; it 
was clinically effective and there were very few toxic 
manifestations [59].

Ramakrishnan et al. reported a study on the prev-
alence and attack rate of tuberculosis among close 
family contacts of tuberculous patients in South In-
dia undergoing domiciliary chemotherapy either with 
isoniazid plus PAS or with one of three regimens of 
isoniazid alone. The report gives (a) the prevalence 
of tuberculosis among the contacts at the time of 
diagnosis of the disease in the patients and (b) the 
incidence of tuberculosis in the contacts during the 
first year of treatment of the patients. The contacts 
were divided into four series, corresponding to the 
four chemotherapeutic regimens of the patients. The 
prevalence of active tuberculosis was found to be 
particularly high among children less than five years 
of age, being 12.0% as compared with 7.6% for all 
age-groups combined. The incidence of active tuber-
culosis during the year of treatment of the patients 
was also found to be highest in the under five years’ 
age-group-a further indication that child contacts are 
especially vulnerable to infection. The incidence was 
considerably higher in the first quarter of the year, and 
it was lowest in the last quarter. This finding, together 
with the fact that the attack rates in the four contact 
series were not related either to the duration of bac-
teriological positivity in the patients or to the period 
of excretion of isoniazid-resistant organisms by the 
patients, suggests that the major risk to contacts in the 
first year results from exposure to the patient before 
treatment rather than from exposure during treatment. 
These results thus confirm the findings in an earlier 
study by the Centre of the contacts of patients in a 
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controlled comparison of chemotherapy with isonia-
zid plus PAS at home and in sanatorium [60].

PAS + INH (daily) vs. PAS + INH (intermittent)
A large controlled clinical trial with PAS in com-

bination with other anti-tuberculosis agents had been 
conducted in order to assess the efficacy of daily vs. 
intermittent application. In total the study enrolled 
247 patients of an age of 12 years or older with newly 
diagnosed tuberculosis and at least two sputum cul-
tures positive for Mycobacterium tuberculosis. For 
the first two weeks all the patients attended the out-
patient clinic daily and received under supervision 
streptomycin 1 g, sodium PAS 6 g, and isoniazid 400 
mg. For the next 50 weeks the patients received on an 
outpatient basis either a twice-weekly regimen (group 
1) or a daily regimen (group 2). The twice weekly 
regimen comprised sodium PAS 0.2 g/kg body weight 
plus isoniazid 15 mg/kg body weight, both drugs be-
ing given at the same time in a single oral dose twice 
a week. The daily regimen comprised PAS 0.2 g/kg 
body weight plus isoniazid 4.7 mg/kg body weight, 
both drugs to be self-administered daily in two divid-
ed doses by mouth. The main analysis of the study 
finally enrolled 173 patients, 90 in group 1 and 83 
in group 2. Radiologically the response to treatment 
was similar in the two series of patients. Eighty-five 
individuals (94%) in group 1 and 80 patients (96%) in 
group 2 showed improvement over the 12-month pe-
riod. Cavitation was present initially in 80 patients in 
group 1 and 77 in group 2. It had disappeared after 12 
months in 41 (51%) and 35 (45%), respectively and 
became less in 34 (42%) and 39 (51%), respective-
ly. Cavitation was observed at 12 months in 3 out of 
10 group 1- patients and two of six group 2-patients 
in whom it had not been apparent on admission. At 
least one PAS-resistant culture was observed before 
treatment from 21 of the 173 patients. The other 152 
patients had PAS-sensitive cultures on admission to 
treatment. Eight patients on the twice-weekly regi-
men and six on the daily regimen had PAS-sensitive 
cultures before treatment and either produced posi-
tive cultures at 10, 11, and 12 months or had chemo-
therapy changed during the year on account of deteri-
oration. In four patients in each group at least two of 
the last three cultures tested were PAS-resistant. On 
the basis of the clinical and bacteriological end-point 
assessment the authors have graded the findings of 
this trial with the fully oral twice-weekly regimen of 
isoniazid and PAS as encouraging [61].

INH + PAS vs. INH + SM
Another study conducted at Tuberculosis Chemo-

therapy Centre, Madras, has been aimed at establish-
ing the value of intermittent dosing of a combination 
of isoniazid and PAS for the domiciliary treatment 
of pulmonary tuberculosis. In this controlled study 
a fully supervised intermittent regimen of isoniazid 
(12.5-16.1 mg/kg body-weight, orally) plus strep-
tomycin (injected in a uniform dose of 1 g), given 
together twice weekly, compared with a standard, un-
supervised, daily, oral regimen of isoniazid (3.7-6.3 
mg/kg body-weight) plus sodium PAS (0.2-0.3 g/kg 
body-weight), given in two doses. The findings indi-
cate that intermittent regimen was at least as effective 
as the standard oral regimen, and although the inci-
dence of temporary giddiness in patients receiving 
this regimen was rather high, this did not appear to 
have any long-term importance nor did it appear un-
duly to affect the co-operation of the patients. These 
encouraging early findings has suggested a possible 
change in drug-administration patterns for tuberculo-
sis in developing countries [62]. Nowadays however, 
intermittent dosing of PAS is considered as non jus-
tified and prone to developing acquired resistance to 
the drug [23]. 

INH + PAS vs. SM + PAS
A controlled trial was assigned to compare the 

efficacy of isoniazide + PAS vs. two regimens of 
streptomycin + PAS in the treatment of pulmonary 
tuberculosis. 391 patients were studied in 50 hospi-
tals: 119 were treated with streptomycin (1 g/day) 
plus isoniazid (100 mg twice a day), 100 with strep-
tomycin (1 g. twice a week) plus isoniazid (100 mg 
twice a day), 101 with PAS (sodium salt, 5 g. four 
times a day) plus isoniazid (100 mg twice a day), and 
71 with PAS (sodium salt, 5 g. twice a day) plus iso-
niazid (100 mg twice a day). When submitting a case 
the physician did not know which treatment the pa-
tient would receive, this being determined by random 
allocation. The presented literature report analyses 
results at the end of three months‘ treatment. Three 
main groups were observed: Group 1, acute rapidly 
progressive disease of recent origin; Group 2, other 
forms considered suitable for chemotherapy; Group 
3, chronic disease considered unlikely to respond to 
chemotherapy. The principal comparison in the trial 
report is between the patients in Groups 1 and 2 on 
streptomycin 1 g/day plus isoniazid 200 mg daily 
(SH) and those on PAS (sodium) 20 g/day plus isoni-
azid 200 mg daily (20 PH). On admission, these two 
treatment series had a similar distribution of patients 
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with severe and less severe illness. At the end of three 
months the general condition had improved in 89% 
of the SH patients and 88% of the 20 PH patients. 
The average gain in weight during the period was 5.8 
kg for the SH patients and 4.9 kg for the 20 PH pa-
tients. The temperature fell to normal in 79% of fe-
brile SH patients and 85% of febrile 20 PH patients. 
In patients with an erythrocyte sedimentation rate of 
21 or more before treatment the rate fell to 10 or less 
in 37% of those on SH, compared with 46% of those 
on 20 PH. Changes in radiographic appearances were 
independently assessed by a radiologist unaware of 
the treatment of any patient. Two-plus or three-plus 
improvement was seen in 54% of SH and 42% of 20 
PH patients. There were two radiographic deteriora-
tions and one death on each treatment. None of the 
above differences however is statistically significant. 
The proportion of patients bacteriologically negative, 
both on direct examination and on culture, at a single 
examination at three months was, as follows: 65% for 
the SH series and 66% for the 20 PH series. Myco-
bacterial resistance to isoniazid was found in 2 of 39 
culture-positive SH patients tested at three months, 
compared with 0 of 29 similar 20 PH patients. Myco-
bacterial resistance to streptomycin was found in 1 of 
38 culture-positive SH patients, and to PAS in 1 of 28 
similar 20 PH patients. It is concluded, judging solely 
from the results at three months, that PAS (sodium) 20 
g/day plus isoniazid 200 mg daily is a very effective 
combination of drugs, on the basis of both clinical 
and bacteriological end-point assessment; this regi-
men ranks with the most efficacious contemporary 
treatments, e.g. streptomycin 1 g/day plus isoniazid 
200 mg daily and streptomycin 1 g/day plus PAS (so-
dium) 20 g/day. A supplementary clinical comparison 
of all the 219 patients on streptomycin plus isoniazid 
and all the 172 on PAS plus isoniazid confirms the 
clinical efficacy of combining PAS with isoniazid. 
Nevertheless, patients on streptomycin plus isoniazid 
gained a little more weight, and a higher proportion 
showed substantial radiographic improvement. A pre-
liminary analysis of results of sensitivity tests on each 
of the four treatments shows that PAS (sodium) 10 
g/day plus isoniazid 200 mg daily may prove to be 
a bacteriologically effective combination for at least 
three months, whereas on the other hand, treatment 
with streptomycin 1 g. twice a week plus isoniazid 
200 mg daily is apparently less effective than strepto-
mycin 1 g/day plus isoniazid 200 mg daily in prevent-
ing the development of bacterial resistance to isonia-
zid over a three-month period [63]. 

In the final stage of the aforementioned large-scale 

trial of isoniazid combined with either PAS or strep-
tomycin in the treatment of pulmonary tuberculosis a 
total of 588 patients were studied in 51 hospitals. Of 
these 182 were treated with streptomycin 1 g/day plus 
isoniazid 100 mg twice a day (SH); 142 with strepto-
mycin 1 g twice a week plus isoniazid 100 mg twice a 
day (S2H); 159 with PAS, sodium salt, 5 g four times 
a day plus isoniazid 100 mg twice a day (20 PH); and 
105 with PAS, sodium salt, 5 g. twice a day plus iso-
niazid 100 mg twice a day (10 PH). The study report 
analyses both clinical and bacteriological results at 
the end of three months‘ treatment. Bacteriological 
results are also studied for 241 patients over a six-
month treatment period. The types of disease studied 
ranged from acute rapidly progressive disease to very 
chronic disease. Most of the cases were newly diag-
nosed; less than 5% had received previous courses of 
chemotherapy. All patients included in the analysis 
had organisms sensitive at the start of treatment to 
both of the drugs they were receiving. Cases in an im-
portant subgroup (acute rapidly progressive bilateral 
disease of recent origin, in patients aged 15-30) were 
allocated only to treatment with SH (67 patients) or 
with 20 PH (59 patients). The report contains a com-
parison of the SH, S2H, 20 PH, and 10 PH treatments, 
excluding the patients in this subgroup, and a further 
comparison of the SH and 20 PH treatments, includ-
ing these patients. On admission, the four treatment 
series had similar distributions of patients with severe 
and less severe illness. At the end of three months‘ 
treatment the majority of patients had improved. In 
terms of general clinical condition, resolution of py-
rexia, and improvement in the sedimentation rate, the 
differences between the four treatment series were 
small. The average weight gains were 5.1 kg for the 
SH, 6.7 kg for the S2H, 5.1 kg for the 20 PH, and 6.3 
kg for the 10 PH patients. Changes in radiographic 
appearances were independently assessed by a radiol-
ogist; two-plus or three-plus improvement was seen 
in 54% of SH, 44% of S2H, 33% of 20 PH, and 38% 
of 10 PH patients. The differences between this re-
sult for the SH treatment and those for the 20 PH and 
10 PH treatments attain statistical significance. There 
were no radiographic deteriorations and 2 deaths in 
the SH series, 6 deteriorations and no deaths in the 
S2H series, 2 deteriorations and 2 deaths in the 20 PH 
series, and 4 deteriorations and 2 deaths in the 10 PH 
series. The proportions of patients bacteriologically 
negative, both on direct examination and on culture, 
at a single examination at three months were 75% 
in the SH, 74% in the S2H, 73% in the 20 PH, and 
75% in the 10 PH series. At three months bacterio-
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logical resistance to isoniazid was found in 2 of 22 
culture-positive SH patients, compared with 12 of 30 
similar S2H patients, 0 of 24 20 PH patients, and 2 of 
25 10 PH patients. Bacillary resistance to streptomy-
cin was found at  three months in 0 of 22 culture-pos-
itive SH patients and 3 of 31 S2H patients, and to 
PAS in 1 of 22 culture-positive 20 PH patients and 1 
of 23 10 PH patients. It is concluded, judging solely 
from the results at three months, that streptomycin 1 g 
daily plus isoniazid 200 mg daily is not only the most 
effective of the four treatments but also represents the 
most effective drug combination studied at any stage 
of the trial.  Streptomycin 1 g twice a week plus iso-
niazid 200 mg daily is less satisfactory in preventing 
the emergence of isoniazid-resistant organisms, and 
its use as a primary chemotherapeutic measure can-
not be recommended. PAS plus isoniazid has proven 
to be a very effective combination of drugs, although 
it is not quite so powerful as daily streptomycin plus 
isoniazid. There is little to choose between the clin-
ical and bacteriological efficacy of 20 g and of 10 g 
PAS (sodium salt) daily plus isoniazid 200 mg daily. 
Either combination of PAS with isoniazid is a most 
valuable oral form of combined chemotherapy in the 
treatment of pulmonary tuberculosis. A proportion of 
patients in each of the treatment series continued on 
the same combination of drugs beyond three months. 
For reasons given the analysis of bacterial sensitivi-
ty for these patients during the second three months 
may be regarded as a continuation of the analysis in 
the first three months. The analysis, based on a total 
of 241 patients, confirms, for a period of six months, 
the adequacy of the SH, 20 PH, and 10 PH treat-
ments, and the inadequacy of the S2H treatment, in 
preventing the development of bacterial resistance to 
isoniazid. Combining the figures at four, five, and six 
months, 2 of 12 positive cultures from SH patients, 
2 of 9 from 20 PH patients, and 0 of 6 from 10 PH 
patients were found to be isoniazid-resistant. On the 
other hand, 9 of 15 strains from S2H patients were 
resistant to isoniazid at four months, 5 of 9 at five 
months, and 8 of 9 at six months. A small subgroup of 
patients with PAS-resistant organisms on entry to the 
trial was not protected from the risk of development 
of isoniazid resistance during treatment with PAS 
plus isoniazid [64].

PAS (daily) + SM (intermittent) vs. PAS (daily) + INH 
(daily) + SM (intermittent) 

Capon et al compared two combinations of PAS 
with streptomycin and isoniazid in the treatment 
of pulmonary tuberculosis. The three intervention 

groups were as follows: a) combined intermittent 
streptomycin-daily PAS, and b) combined intermit-
tent streptomycin-daily PAS and daily isoniazid. 
There were 100 patients in each group. Over a 180 
day period of therapy there was a statistically sig-
nificant difference in favor of the „3 drug“ group in 
terms of x-ray improvement, cavity closure and spu-
tum conversion. The results of the study suggest that 
combined streptomycin, PAS and isoniazid is favored 
in the treatment of pulmonary tuberculosis, particu-
larly when compared to the alternative regimen [65].

INH + PAS vs. INH alone vs. INH + ethionamide
Le Hir et al. have described an comparative study 

of the clinical efficacy of three types of oral therapy: 
i) daily administration of 300 mg of isoniazid plus 
15 g of PAS (sodium salt); ii) daily administration of 
400 mg of isoniazid alone; iii) daily administration of 
3-5 tablets of a mixture of isoniazid and ethionamide, 
designated „2127 Th“ and containing, per tablet, 100 
mg of isoniazid and 166 mg of ethionamide. Both 
before and during treatment, cultures from sputum 
specimens were subjected to rigorous drug-sensitiv-
ity tests. The pretreatment radiographic examination 
revealed most of the patients to be seriously ill on 
admission to the study: 97.2% showed cavitation, and 
68% and 11%, respectively, had lesions classified as 
„extensive“ and „very extensive“. After 4 months of 
treatment 76% patients treated with isoniazid alone 
were still sputum-positive, as compared with 32% of 
those treated with isoniazid plus PAS and only 23% 
of the patients treated with 2127 Th. Drug-sensitivity 
tests showed that isoniazid resistance had developed 
in 93% of the positive patients in the isoniazid-alone 
series, in 45% in the isoniazid plus PAS series, and 
in only 9% in the 2127 Th series. After 8 months‘ 
treatment, the overall rates for conversion to sputum 
negativity (excluding the patients with resistant or-
ganisms at 4 months) were: 77% in the 2127 Th se-
ries, 76% in the isoniazid plus PAS series, and 27% in 
the isoniazid-alone series. The drug-sensitivity tests 
at 8 months showed that isoniazid-resistance had ap-
peared in only 2% of the total number of patients in 
the 2127 Th series, as compared with 20% in the iso-
niazid plus PAS series and 68% in the isoniazid-alone 
series. As to the radiographic response to treatment, 
moderate or greater improvement was shown after 4 
months by 41% of the 2127 Th series and by 43% of 
the isoniazid plus PAS series, but by only 29% of the 
isoniazid-alone series. At 8 months, 57% of the pa-
tients receiving 2127 Th and 64% of those receiving 
isoniazid plus PAS showed a favorable or very favor-
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able response. In view of the severity of the patients‘ 
disease before treatment these results were consid-
ered by the authors as encouraging [66].

SM + INH + PAS vs. SM + INH + EMB vs. SM + INH 
+ RMP vs. SM + INH + PAS/SM + high-dosage INH 
(+ vit B6) 

A controlled clinical trial has been conducted by 
the British Medical research Council to compare the 
efficacy of 3 alternative regimens to a regimen of 
isoniazid plus PAS with an initial streptomycin sup-
plement are presented. Adults with newly-diagnosed 
sputum-positive tuberculosis were treated in hospital 
for 3 months followed by continuation chemother-
apy for 9 months usually as outpatients. They were 
submitted from 51 chest clinics in Britain and were 
allocated at random to either:  i) SM + INH + PAS 
daily, followed by daily self-administered INH + PAS 
(the P series); ii) SM + INH + EMB daily, followed 
by daily self-administered INH + EMB (the E se-
ries); iii) STM + INH + RMP daily, followed by daily 
self-administered INH + RMP (the R series); iv) SM 
+ INH + PAS daily, followed by twice-weekly SM + 
high-dosage INH (+ pyridoxine) given together under 
the direct supervision of the staff (the S2H2 series). 
The triple combination was given for 3 months in all 
4 regimens. A total of 481 patients were admitted to 
the study. Of these, 412 (109 P, 97 E, 103 R and 103 
S2H2) patients were included in a main comparison 
of the 4 regimens even if they had had changes or 
interruptions of chemotherapy for drug toxicity or 
uncooperativeness. At 12 months, only a small mi-
nority of patients had an unfavorable bacteriological 
response. In a subsidiary comparison of patients who 
either continued on their allocated regimen through-
out or had chemotherapy changed for bacteriologi-
cal relapse, 3 of 82 P, 0 of 73 E, 0 of 85 R and 1 of 
57 S2H2 patients had an unfavorable bacteriological 
outcome at 12 months. The speed of elimination of 
acid-fast bacilli on sputum smear examination was 
similar in the 4 series but in the cultures was signifi-
cantly more rapid in the R patients than in the other 3 
series. Overall the clinical efficacy did not differ sig-
nificantly among the treatment arms of the study. The 
analysis of the side effects profile has indicated that 
generally the PAS-containing regimens had higher in-
cidence of adverse effects, predominantly gastric and 
allergic events. The other most important side effects, 
most notably vestibular disorders were associated 
with streptomycin. [67]. 

PAS+RMP vs. PAS+INH vs. RMP+INH
The efficacy of PAS plus rifampicin, PAS plus iso-

niazid (INH), and rifampicin plus INH were compared 
within a clinical trial. Eighty-eight patients (mean 41 
years) received PAS 10 to 12 grams/day for 6 months. 
Clinical evaluations performed at 3 and 6 months in-
dicated that  PAS+INH was the least successful drug 
group determined via x-ray. The incidence of adverse 
reactions was greater in the PAS drug groups than in 
the RMP-INH group [30].

PAS + INH + SM vs. RMP + INH
Aminosalicylic acid plus isoniazid plus strepto-

mycin were compared with rifampicin plus isoni-
azide. In this study twenty-nine patients (mean 49 
years) with tuberculosis received PAS 0.2 gram/ki-
logram/day for 4 to 51 weeks (mean 20). A moderate 
to marked x-ray improvement at 4 months was seen 
in 85% of patients in both groups of drugs. Sputum 
conversion judged by microscopy and culture was 
not significantly different in either group. However, 
the incidence and severity of adverse reactions were 
greater in the PAS-containing regimen as compared 
to RMP+INH drug group. These included gastroin-
testinal disturbances, abnormal liver function tests, 
allergic reactions, and dizziness [30].

Viomycin + PAS vs. viomycin + streptomycin vs. 
viomycin alone

An evaluation of 80 patients with pulmonary tu-
berculosis who received intermittent viomycin, two 
grams every third day, singly or combined with in-
termittent streptomycin or daily para-aminosalicylic 
acid for 120 days suggests that this agent is capable 
of exerting a favorable effect on the clinical course of 
the disease. The therapeutic effectiveness of this drug 
was considerably less than streptomycin, but approx-
imated that of PAS. Viomycin combined with either 
streptomycin or para-aminosalicylic acid was superi-
or to any of the drugs employed alone [68].

Efficacy in multi-drug resistant tuberculosis (MDR-
TB) and extensively drug resistant tuberculosis 
(XDR-TB)

The term drug-resistant TB encompasses three 
categories of resistance. Mono resistance—where the 
M. tuberculosis is resistant to one of the members of 
first-line antitubercular drugs and multi-drug resis-
tance which confer the M. tuberculosis resistant to 
more than one anti-tuberculosis drug. MDR-TB de-
notes M. tuberculosis resistant to two main drugs of 
the first-line regimen—isoniazid and rifampicin [8-
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10]. This has led to the increased use of second-line 
anti-tuberculosis drugs for treatment failure cases. 
The second-line anti-TB drugs are members of fluoro-
quinoline group, injectable agents, such as aminogly-
cosides (kanamycin, amikacin) and polypeptide (ca-
preomycin), para-aminosalicyclic acid, cycloserine, 
prothionamide and thiacetazone. The increasing use 
of second- line anti-TB drugs gave rise to extreme-
ly drug-resistant tuberculosis (XDR-TB), where the 
MDR-TB organism was resistant to fluoroquinoline 
and one of the injectable agents [9, 69]. 

Several trials have assessed the efficacy of PAS as 
a component of multi-drug regimens for the treatment 
of resistant tuberculosis.

Mukherjee has presented an in-depth analysis of 
treatment outcomes in MDR-TB and presented sev-
eral cohort-studies. In one of these Viskum et al. ex-
amined the incidence, treatment and prognosis for 
patients with tuberculosis due to MDR Mycobacteri-
um tuberculosis; all bacteriologically confirmed new 
cases of tuberculosis and treatment relapses in Den-
mark are examined for drug resistance. In the years 
1993-1995, nine cases of multidrug-resistant tuber-
culosis (MDR-TB), all acquired outside Denmark, 
were identified among 1354 cases of tuberculosis. 
Multidrug resistance was present in less than one of 
patients with tuberculosis. One patient died from tu-
berculosis without revision of treatment, and eight 
patients responded favorably to a regimen of pyra-
zinamide, streptomycin or amikacin, ofloxacin and 
cycloserine. In two patients, this regimen was sup-
plemented with aminosalicylic acid and thiacetazone 
respectively. The mean duration of chemotherapy 
was 13 months, with 100% cure rate and all patients 
needed prolonged hospitalization and had observed 
treatment. These findings suggest that using aggres-
sive combined regimens allows curative treatment of 
MDR-TB [7]

Mitnick et al. evaluated the results of communi-
ty-based therapy for multidrug-resistant tuberculosis 
in a poor section of Lima, Peru. They have conducted 
a retrospective review of the charts of all patients en-
rolled in the program for ambulatory treatment with 
individualized regimens for chronic multidrug-resis-
tant tuberculosis between August 1, 1996, and Febru-
ary 1, 1999. The infecting strains of Mycobacterium 
tuberculosis were resistant to a median of six drugs. 
The 75 patients received treatment with 58 different 
regimens and lasting a median of 23 months (range, 
0.4 to 35.9). PAS was included in the treatment of 
90% of the patients. The records of 60 patients were 
reviewed systematically for adverse events; 44 pa-

tients (73 percent) had such events, and all events 
were managed without physician-directed discontin-
uation of therapy. Among the 66 patients who com-
pleted four or more months of therapy, 83% were 
probably cured at the completion of treatment. Five 
of these 66 patients (8 percent) died while receiving 
therapy. Only one patient continued to have positive 
cultures after six months of treatment. All patients 
in whom treatment failed or who died had extensive 
bilateral pulmonary disease. In a multiple Cox pro-
portional-hazards regression model, the predictors 
of the time to treatment failure or death were a low 
hematocrit and a low body-mass index. Inclusion of 
pyrazinamide and ethambutol in the regimen (when 
susceptibility was confirmed) was associated with a 
favorable outcome. These finding indicate that with 
an early initiation of appropriate therapy, which can 
preserve susceptibility to first-line drugs communi-
ty-based outpatient treatment of multidrug-resistant 
tuberculosis can yield high cure rates even in re-
source-poor settings [70]. 

Mitnick et al. have described the management of 
extensively drug-resistant tuberculosis and treatment 
outcomes among patients who were referred for in-
dividualized outpatient therapy in Peru. From a total 
of 810 patients who were referred for free individ-
ualized therapy 48 (7.4%) had extensively drug-re-
sistant tuberculosis; the remaining 603 patients had 
multidrug-resistant tuberculosis. The patients with 
extensively drug-resistant tuberculosis had under-
gone more treatment than the other patients and had 
isolates that were resistant to more drugs. None of the 
patients with extensively drug-resistant tuberculosis 
were co-infected with the human immunodeficiency 
virus (HIV). Patients with extensively drug-resis-
tant tuberculosis received daily, supervised therapy 
with an average of 5 drugs, including cycloserine, 
an injectable drug, and a fluoroquinolone. Several 
principles of management of highly resistant disease 
were concurrently applied to all patients in this pro-
gram. Aggressive regimens with many drugs, at the 
highest tolerated dose level were used to maximize 
the chemotherapeutic benefit. Treatment was pro-
tracted, lasting more than 2 years in most patients. 
The results of drug-susceptibility testing were used 
to design (and adjust) regimens containing at least 
five drugs that were likely to be effective whenev-
er possible. Regimens relied heavily on three agents 
with little prior use in Peru, namely aminosalicylic 
acid (in 96% of XDR-TB patients), capreomycin (in 
53% of XDR-TB patients), and cycloserine (in 100% 
of XDR-TB patients).  Twenty-nine of the XDR-TB 
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patients (60.4%) completed treatment or were cured, 
as compared with 400 patients (66.3%) with multi-
drug-resistant tuberculosis. These findings indicate 
that extensively drug-resistant tuberculosis can be 
cured in HIV-negative patients through outpatient 
treatment, even in those who have received multiple 
prior courses of therapy for tuberculosis [71].

Leimane presented the clinical outcomes of com-
bined treatment using different regimens (incl. PAS 
among other agents) in Latvia, which has one of 
the highest rates of multidrug-resistant tuberculo-
sis (MDR-TB) worldwide. The authors assessed the 
treatment outcomes for the first full cohort of MDR-
TB patients treated under Latvia‘s DOTS (directly 
observed therapy short course) strategy following 
WHO guidelines. All civilian patients who began 
treatment with individualized treatment regimens for 
pulmonary MDR-TB in Latvia between Jan 1, and 
Dec 31, 2000 were analyzed. The 204 patients under 
investigation received initial treatment with 107 dif-
ferent initial empirical regimens. Of the drugs given 
for 3 months or more, patients were given a medi-
an of six drugs (range 3–8). The most common oral 
medications used were aminosalicylic acid, ofloxa-
cin, protionamide, thioacetazone, pyrazinamide, eth-
ambutol, and cycloserine. Kanamycin was the most 
commonly used injectable medication, followed by 
capreomycin.  PAS was given to a total of 90 patients. 
The degree of drug resistance was high at the start 
of treatment. Resistance to second-line anti antitu-
berculosis drugs in all patients was most common 
against kanamycin, protionamide, aminosalicylic 
acid, and thioacetazone. Initial resistance to PAS was 
encountered in 46% of the patients never treated for 
tuberculosis, in 45% of those previously treated and 
in 40% in those that have received previous treatment 
for MTR-TB.  Of the 204 patients assessed, 55 (27%) 
had been newly diagnosed with MDR-TB, and 149 
(73%) had earlier been treated with first-line or sec-
ond-line drugs for this disease. Assessment of treat-
ment outcomes showed that 66% patients were cured 
or completed therapy, 7% died, 13% defaulted, and 
treatment failed in 14%. Of the 178 adherent patients, 
135 (76%) achieved cure or treatment completion. 
In a multivariate Cox proportional-hazards model of 
these patients, independent predictors of poor out-
come (death and treatment failure) included having 
previously received treatment for MDR-TB, the use 
of five or fewer drugs for 3 months or more, resis-
tance to ofloxacin, and body-mass index less than 
18.5 at start of treatment [72]. 

Keshavjee et al. conducted a retrospective cohort 
study of 608 patients with multidrug resistant tubercu-
losis who had treatment in civilian or prison services, 
between Sept 10, 2000, and Nov 1, 2004, according 
to the treatment strategy recommended by WHO. The 
main outcome was the frequency of poor and favor-
able outcomes at the end of treatment. Of 608 patients 
with multidrug resistant tuberculosis, 29 (4.8%) pa-
tients had baseline XDR tuberculosis. The drugs em-
ployed have included rifampicin, pyrazinamide, eth-
ambutol, kanamycin, capreomycin, ethionamide, cy-
closerine, aminosalicylic acid (used in the majority of 
both MDR and XDR cases), amikacin, ofloxacin and 
amoxicillin/clavulanate. Treatment failure was more 
common in patients with XDR tuberculosis than in 
those with non-XDR tuberculosis (31% vs. 8.5%). 
48.3% of patients with XDR tuberculosis and 66.7% 
of patients with non-XDR tuberculosis had treatment 
cure or completion (p=0.04). The frequency and 
management of adverse events did not differ between 
patients with XDR and non-XDR tuberculosis. The 
chronic features of tuberculosis in these patients sug-
gest that extensively drug-resistant tuberculosis may 
be acquired through previous treatments that include 
second-line drugs. Nevertheless the finding from this 
study suggest that aggressive management of this in-
fectious disease is feasible and can prevent high mor-
tality rates and further transmission of drug-resistant 
strains of Mycobacterium tuberculosis [73].

Dheda et al. have presented retrospective cohort 
study to assess the early treatment outcomes from 
antituberculosis chemotherapy in patients with ex-
tensively drug-resistant (XDR) with relation to their 
HIV status. The authors analysed the case records of 
patients (>16 years old) with XDR tuberculosis (cul-
ture-proven at diagnosis) between August, 2002, and 
February, 2008, at four provincial treatment facilities 
in South Africa. Treatment of XDR disease was given 
in hospital, and individualized with the use of capreo-
mycin (in 92% of cases) and aminosalicylic acid (in 
91% of cases) as the main drugs, with other first-line 
and second-line drugs used at the discretion of the 
attending clinician, or to which the microorganism 
showed susceptibility; patients were given a median 
of seven drugs per regimen. Highly active antiretro-
viral therapy was offered to all patients infected with 
HIV. 195 out form a total of 227 patients were anal-
ysed. 21 died before initiation of any treatment, and 
174 patients (82 with HIV infection) were treated. 62 
(36%) of these patients died during follow-up. Initia-
tion of treatment resulted in culture conversion in 33 
(19%) of 174 patients, and the probability of culture 
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conversion did not differ by HIV status. 23 (70%) of 
these patients converted by 6 months, 28 (85%) by 
9 months, and 30 (91%) by 12 months. Before the 
date for censor follow-up, two (6%) of 33 patients 
with XDR tuberculosis who had converted had re-
verted back to culture-positive status. In a univariate 
Cox regression analysis, low weight (<50 kg) before 
treatment was associated with conversion failure. The 
number of deaths was not significantly different in pa-
tients with or without HIV infection. Treatment with 
moxifloxacin, previous culture-proven multidrug-re-
sistant tuberculosis, and number of drugs used in a 
regimen were independent predictors of death. Fewer 
deaths occurred in patients with HIV infection given 
highly active antiretroviral therapy than in those who 
were not. The clinical data showed a high incidence 
of adverse events associated with drugs used for the 
treatment of XDR tuberculosis incl. gastrointestinal 
disturbances, renal and electrolyte abnormalities, 
hypothyroidism etc. Adverse drug reactions were 
reported in 58% of the patients. 36% of the adverse 
drug reactions required no intervention; 43% needed 
modification in the duration of treatment or frequency 
of administration of the drug, or prescription of an 
additional drug to treat the adverse event; the drug 
causing the adverse reaction was stopped in 16% re-
actions; and 4% of the patients died (five with rapidly 
deteriorating renal failure and one with hypokalemia) 
at a median of 14 days after starting capreomycin. 
Highly active antiretroviral therapy was generally 
well tolerated [74].

Lessnau and Qarah have presented valuable data 
regarding the clinical efficacy of PAS in combination 
with other drugs for the treatment of MDR-TB in 
pregnant women. The authors described a case report 
of a woman at 23 weeks‘ gestation who was previ-
ously treated with rifampicin, isoniazid, and etham-
butol for cavitary tuberculosis. She did not respond 
within 3 weeks, and multidrug-resistant tuberculosis 
(MDR-TB) was suspected. Direct plating on suscep-
tibility media was performed immediately. Treatment 
was initiated with venous capreomycin, levofloxacin, 
aminosalicylic acid, pyrazinamide, cycloserine, and 
high-dose vitamin B6 at 26 weeks‘ gestation. The 
patient delivered vaginally at week 35. The placen-
ta appeared normal on pathology examination. The 
infant’s tuberculin skin test and three nasogastric 
aspiration cultures were negative for tuberculosis. 
A neurologic examination and electrophysiological 
hearing studies of the infant were normal. The baby 
continued to thrive, and therefore a lumbar puncture 
was not performed. Following delivery, ethionamide 

was added as a sixth drug, and levofloxacin was re-
placed with moxifloxacin. The patient‘s sputum be-
came smear-negative and culture-negative for TB. 
All reported cases of MDR-TB during pregnancy are 
reviewed. The authors have also reviewed the clini-
cal outcomes in other available cases of MDR-TB in 
pregnancy. In 1981, 16 pregnant women were report-
ed to have isoniazid-resistant tuberculosis. All were 
treated with first-line medications and PAS during 
pregnancy. One patient had a spontaneous abortion 
after 4 months of pregnancy. After birth, one infant 
died of miliary tuberculosis at 3 months, and one in-
fant died of meningeal tuberculosis. Another infant 
developed pulmonary tuberculosis from inhalation at 
6 months. The 12 remaining pregnancies had positive 
outcomes [6].

Avendano et al. have reviewed the clinical man-
agement and long term outcome of 40 non-HIV-in-
fected individuals with MDR-TB referred to the only 
specialized TB inpatient service in Ontario. The study 
enrolled 21 men and 19 women (mean age 41±18 
years) who were admitted between January 1986 and 
June 1999 with MDR-TB and negative serology for 
HIV. Thirty-eight patients (95%) were born outside of 
Canada. Twenty-six patients (65%) had a history of 
previous TB. All were symptomatic with productive 
cough and positive sputum smears for acid-fast bacil-
li. There was a delay of 4.5 months between the initial 
diagnosis of TB and the recognition of the presence 
of MDR-TB. Four patients (10%) had tuberculosis 
resistant to isoniazid and rifampicin only. Over 50% 
of patients had TB with additional resistance to strep-
tomycin, and over 40% had additional resistance to 
ethambutol. Coexisting resistance was also found in 
significant numbers for PAS, pyrazinamide, ethion-
amide, para- and cycloserine. If the resistance pattern 
was known the initial treatment included at least three 
bactericidal agents. Patients with tuberculosis resis-
tant to all first-line drugs were treated with a regimen 
containing amikacin or capreomycin, a fluoroquino-
lone, clofazimin, with or without PAS, cycloserine 
and ethionamide. Bacteriological conversion was 
achieved in 34 patients (85%). Six patients underwent 
surgical resection for localized lung disease. Treat-
ment was continued for 2 years following the bacte-
riological conversion. Twenty-four patients complet-
ed treatment and have remained free of disease for 
33±25 months. All five patients (12%) who died had 
longstanding disease before their referral [75]. 
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Extra-pulmonary disease
PAS has been well documented to be effective in 

diverse types of extra-pulmonary disease incl. intesti-
nal, meningeal, musculo-skeletal, skin, genitourinary 
infections etc [1, 2, 76-79]. The following section 
gives a concise outline of some of the more illus-
trative trials, non-controlled studies or case reports. 
A detailed description of the early reports with PAS 
monotherapy in extrapulmonary infections are gener-
ally omitted as currently PAS monotherapy is of no 
value for the treatment of active tuberculous disease. 
The early clinical experience with the drug in tuber-
culous meningitis shows, that intravenous infusions 
of PAS in combination with streptomycin have shown 
definite advantages over streptomycin alone. Thus the 
full effect of PAS is first manifest after four to eight 
months, and resistance to it emerges later and more 
slowly than it does to streptomycin [1, 2]. This has 
been confirmed by the experience of DeJanney et al. 
who have found PAS highly valuable in the treatment 
of tuberculous meningitis that relapse after a favor-
able response to streptomycin therapy. In this series 
all relapse cases of tuberculous meningitis treated 
with streptomycin alone have died. The only surviv-
als have been those treated with combined streptomy-
cin and PAS or only with p-aminosalicylic acid [56]. 
Lehmann has described a study conducted by 
Carstensen and Sjölin on the treatment of 22 cases 
of secondary intestinal tuberculosis with PAS. The 
authors report a dramatic effect that there was no lon-
ger any doubt about the clinical efficacy of the drug. 
These results were later corroborated by the findings 
from a trial of Källquist with 22 other cases of intesti-
nal tuberculosis which were verified and followed by 
X-ray examination [2].

The clinical efficacy of PAS-based combined regi-
mens for the treatment of tuberculosis of the spine has 
been well-documented in clinical trials [76-79]. 
Konstam was the first to report an ambulatory, medi-
cal approach for tuberculous spondylitis. He reported 
treatment of 207 patients with isoniazid and PAS for 
at least 12 months (until there was radiographic im-
provement) and did not include bracing or immobi-
lization as part of the therapy. Surgery was only per-
formed in 27 patients who needed abscesses drained. 
Eighty-six percent of patients exhibited complete re-
covery. For the first time it was demonstrated that pa-
tients with vertebral tuberculosis could be cured with 
chemotherapy alone and without prolonged immobi-
lization or a complicated surgical procedure [80].

A five year assessment of controlled trial in Ko-
rea has shown favorable therapeutic effects of PAS in 

combination with isoniazid or isoniazid + streptomy-
cin. The analysis has enrolled cases from two centers 
in Korea. 350 patients with a diagnosis of tubercu-
losis of the thoracic and/or lumbar spine were allo-
cated at random: in Masan to in-patient rest in bed 
(IP) for six months followed by out-patient treatment 
or to ambulatory out-patient treatment (OP) from the 
start; in Pusan to out-patient treatment with a plas-
ter-of-Paris jacket (J) for nine months or to ambulato-
ry treatment without any support (No J). All patients 
received chemotherapy with PAS with isoniazid for 
eighteen months, either supplemented with strepto-
mycin for the first three months (SPH) or without this 
supplement (PH), by random allocation. The main 
analysis of this report concerns 299 patients (eighty-
three IP, eighty-three OP, sixty-three J, seventy No J; 
143 SPH, 156 PH). Pre-treatment factors were similar 
in both centers except that the patients in Pusan had, 
on average, less extensive lesions although in a great-
er proportion the disease was radiographically active. 
One patient (J/SPH) died with active spinal disease 
and three (all No J/SPH) with paraplegia. A fifth pa-
tient (IP/PH) who died from cardio respiratory fail-
ure also had pulmonary tuberculosis. Twenty-three 
patients required operation and/or additional chemo-
therapy for the spinal lesion. A sinus or clinically evi-
dent abscess was either present initially or developed 
during treatment in 41% of patients. Residual lesions 
persisted in ten patients at five years. Thirty-two pa-
tients had paraparesis on admission or developing 
later. Complete resolution occurred in twenty on the 
allocated regimen and in eight after operation or ad-
ditional chemotherapy or both. Of the remaining four 
patients, all of whom had operation and additional 
chemotherapy, three died and one still had parapa-
resis at five years. Of 295 patients assessed at five 
years 89% had a favorable status. The proportions of 
the patients responding favorably were similar in the 
different series and sub-series, namely: IP (91%), OP 
(89%); J (90%), No J (84%); and in the SPH (86%) 
and PH (92%) series [77].

An extended follow-up of the preceding study 
confirmed the results and also showed additional ev-
idence from the clinical experience in 150 cases of 
tuberculosis of the spine in Hong Kong. The patients 
were treated with PAS plus isoniazid plus streptomy-
cin (for the first three months) over 18 months. All 
150 patients were randomized to either radical exci-
sion of the spinal lesion with bone graft or open de-
bridement. On average at 15 years the great majority 
of patients in achieved a favorable status, no evidence 
of CNS involvement, no radiological evidence of dis-
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ease, no sinus or clinically evident abscess, and no 
restriction of normal physical activity. Most patients 
had already achieved a favorable status much earlier. 
The earlier results of these trials are confirmed by the 
long-term follow-up with no late relapse or late-onset 
paraplegia [78].

Another comparative study has enrolled 265 pa-
tients with tuberculosis of the thoracic and/or lumbar 
spine who were followed-up for three years from the 
start of treatment. The patients were randomly allocat-
ed to four daily regimens of chemotherapy, namely: i) 
isoniazid plus rifampicin for 6 months (6HR, 65); ii) 
the same drugs as in i) but for 9 months (9HR, 71); iii) 
isoniazid plus aminosalicylic acid (PAS) or ethambu-
tol for 9 months (9P/EH, 62); or iv) the same drugs 
as in iii) but for 18 months (18P/EH, 67). All patients 
were ambulatory from the start of chemotherapy and 
no form of support or operation was used in any case. 
Over half (55%) the patients were children and one-
third had sinuses or clinically evident abscesses. At 
three years a favorable status, defined as no sinus nor 
clinically evident abscess, no myelopathy with func-
tional impairment, no surgery nor additional chemo-
therapy, full physical activity with disease quiescent 
clinically and radiographically, was achieved in 203 
patients (77%) and in another 41 (15%) in all respects 
except radiographically. Only 20 patients (8%) had an 
unfavorable status the proportion being highest (19%) 
in the 9P/EH series. Thirteen of these were classified 
as unfavorable solely because they had needed addi-
tional chemotherapy; only seven still had an unfavor-
able status at three years. The clinical results at three 
years were thus excellent in all treatment regimens 
series except the 9P/EH, in which more patients had 
required additional chemotherapy. In the 88 patients 
with sinuses or abscesses on admission, the rate of 
resolution was similar in all the series, whereby most 
lesions (83%) had resolved by 12 months [79].

A case-report of primary tuberculosis of the con-
junctiva successfully treated with streptomycin and 
PAS was presented. A female patient with tuberculo-
sis conjunctivitis was admitted to hospital; through-
out her stay she was afebrile. She was given strep-
tomycin 750 mg/day, and PAS 15 g/day. One month 
later she was transferred to a sanatorium regime. Five 
months after initiation of chemotherapy the strepto-
mycin dose was reduced to 750 mg twice weekly, and 
after an additional month when the conjunctiva was 
completely healed she was discharged from the hos-
pital. Streptomycin and PAS were discontinued after 
nine months treatment. By this time the eye appeared 
normal, apart form a little scar at the site of biopsy 
[81]. 

Pauker et al. described the successful treatment of 
BCG osteomyelitis with a PAS-based regimen. A 3 
year boy presented with an osteolytic lesion and peri-
osteal reaction in the distal metaphysis of the right 
femur which failed to respond to immobilization 
and intensive antibiotic treatment. Since the infec-
tion seemed to be of low virulence and fewer than 4 
years had elapsed since BCG vaccination BCG os-
teomyelitis was suspected. Because of the slow pro-
gression it was decided to carry out a trial treatment 
with tuberculostatic drugs alone. Sodium PAS 2 g/d, 
isoniazid 75 mg/d, and streptomycin intramuscularly 
twice weekly were given for a period of 2 months. 5 
weeks after treatment began the boy still had a slight 
limp but did not complain of pain. X-ray examination 
showed that the periosteal reaction had disappeared. 
A month later the limp had also gone and treatment 
was stopped. When last seen 3 years later he had no 
symptoms or signs. A radiograph of the femur showed 
a normal bone structure, no periosteal reaction, and 
the epiphyseal plate undamaged [82].

• Efficacy as a non-chemotherapeutic agent
PAS has been used in the treatment of mild to moder-
ate ulcerative colitis in patients who are intolerant of 
sulfasalazine and in the treatment of Crohn’s disease; 
the drug is designated an orphan drug by the FDA 
for use in these conditions [31]. In an exemplary tri-
al Ginsberg et al. have described a trial enrolling 40 
patients with ulcerating colitis who had been treated 
with 4 g PAS daily or with placebo. After 12 weeks, 
55% of the patients in the PAS-group showed clinical 
improvement but only 5% of the patients in the pla-
cebo group [83]. Schreiber et al who had tested the 
effect of different derivatives of the salicylic acid in 
Crohn’s disease have found that the PAS substituted 
in the 4-position was approximately twice as effec-
tive as the 5-PAS [84]. 

PAS has been found to lower serum lipids, an ef-
fect which is not entirely due to the well established 
malabsorption syndrome and steatorrhea it induc-
es [23, 26]. Clinical experience with PAS ascorbate 
(PAS-C) has shown that it significantly decreased 
very low-density lipoprotein-cholesterol and very 
low-density lipoprotein-triglyceride, but the low-den-
sity lipoprotein-cholesterol/light-density lipopro-
tein-cholesterol ratio did not change. Fourteen hyper-
lipidemic patients received PAS ascorbate at a dose 
of 6 to 8 grams/day in 3 divided doses for 3 months. 
Cholesterol and triglyceride levels were monitored 
monthly and were compared with baseline values. 
The response to the drug was erratic and diarrhea was 
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a significant adverse effect. These data indicate PAS 
is not as safe or effective as other agents for lowering 
cholesterol and triglyceride level and hence, at pres-
ent its use in dyslipidemia is not warranted [30].

Both clinical and non-clinical findings have shown 
that PAS is of value for the management of manga-
nese intoxications [85-87]. 

IV. Safety profile
• Adverse drug reactions
The incidence of untoward effects associated with 
the use of PAS is approximately 10% to 30%. Gas-
trointestinal problems following oral administration, 
including anorexia, nausea, epigastric pain, abdomi-
nal distress, and diarrhea—are predominant and of-
ten limit patient adherence [14, 30, 31]. Patients with 
peptic ulcers tolerate the drug especially poorly. After 
intravenous application the drug is far better tolerated 
and the most important gastrointestinal side effects 
are colics and cramps following high dose regimens. 
Nevertheless gastrointestinal irritation could not be 
ruled out in parenteral treatment, especially in high-
dose regimens due to partial secretion of the drug into 
the GIT [19, 26].

While some gastrointestinal effects including mild 
irritation could be evident in up to 70% of the patients 
these are rarely severe enough to warrant discontinu-
ation of the drug. Treatment cessation due to gastroin-
testinal discomfort is relatively rare and is obligatory 
in the rare occasions of gastric bleeding, peptic ulcer 
as well as in ca. 4% of affected patients due to nausea 
and vomiting as well as in 1-2% of patients with per-
sisting diarrhea [19, 26]. 

Hypersensitivity reactions to PAS are seen in 5% 
to 10% of patients. High fever may develop abruptly, 
with intermittent spiking, or it may appear gradually 
and be low-grade. Generalized malaise, joint pains, 
and sore throat may be present at the same time. Skin 
eruptions of various types appear as isolated reactions 
or accompany the fever. At this time results form the 
laboratory test are usually within normal limits, but 
eosinophilia and other abnormalities could be present 
as well. If the offending PAS is discontinued  the pa-
tient soon recovers, if not the reaction becomes pro-
gressively worse and is often accompanied by skin 
reactions, incl. exfoliative dermatitis that could be se-
vere; hepatitis; renal abnormalities and occasionally 
severe blood dyscrasias and cardiologic abnormali-
ties. Severe reactions can be fatal [14, 23, 31].

The hematological aberrations that have been ob-
served are leukopenia, agranulocytosis, eosinophilia, 
lymphocytosis, an atypical mononucleosis syndrome, 

and thrombocytopenia (in some instances regarded 
as induced by a glycine conjugate rather than by the 
parent drug). Acute hemolytic anemia may appear in 
some instances [19, 31, 88]. 

In a review of 7,492 patients being treated for tu-
berculosis, 38 (0.5%) developed hepatitis, of which 
28 cases (0.3%) were attributed at least in part to the 
administration of PAS [14].  A mortality rate as high 
as 21% for hepatotoxicity has occurred in patients 
continuing to receive PAS following signs of hepati-
tis. Signs and symptoms of hepatitis, which included 
pyrexia followed by jaundice, usually appear 4 weeks 
after initiating therapy. Elevated serum transaminases 
(alanine aminotransferase and aspartate aminotrans-
ferase) may be present even in the absence of jaun-
dice [23, 89].

Usually the hypersensitivity reactions appear be-
tween the 2-7 weeks of treatment and peak at the fifth 
week. If a drug or group of antituberculous drugs 
however is tolerated well for at least four months a 
full course of chemotherapy is usually feasible [26]. 
It is worth mentioning that patients who develop hy-
persensitivity to one antituberculous agent may be at 
greater than usual risk of reacting to others. In case 
of PAS cross-reactivity is especially prominent in 
patients allergic to salicylates. When such reactions 
occur all chemotherapy should be discontinued un-
less the tuberculosis is life-threatening, in which case 
drugs which are least likely to contribute to hyper-
sensitivity reactions are continued. Desensitization to 
PAS as well as to streptomycin and other agents may 
be successful. Nevertheless in view with the number 
of effective alternative drugs available it is not advis-
able to risk continuing treatment with an agent that 
has caused such a severe reaction [14, 19, 26, 31].
PAS may cause Coombs’-positive hemolytic and he-
maturia in patients with glucose-6-phosphate dehy-
drogenase deficiency. Hypokalemia, acidosis, albu-
minuria, and crystalluria have occurred occasionally 
in patients receiving PAS. Crystalluria may be pre-
vented by maintaining the urine at a neutral or alka-
line pH [30, 31]. 

Goiter, with and without myxedema, has been 
reported in patients receiving prolonged high-dose 
therapy with some PAS products Goiter development 
can be prevented by administration of thyroxin but 
not iodide [14, 23]. 

Aminosalicylate sodium given intravenously pos-
es risk of hypokalemia, acidosis, cation loss, and has 
been reported to induce local irritation and/or phlebi-
tis. It has been occasionally associated with anaphy-
lactic shock or other severe anaphylactic reactions 
[19, 26, 41].



PHARMACIA, vol. 62, No. 1/2015 45Para-aminosalicylic acid – biopharmaceutical, pharmacological...

It is noteworthy that despite the immense clini-
cal experience with PAS many of the adverse effects 
reported in literature have been noted infrequently, 
sometimes only once without verification. Also as far 
as combined chemotherapy is concerned toxicity as-
cribed to a certain drug could be actually caused by 
another making the causal relationships troublesome. 
For this reason in the following section emphasis is 
placed on those adverse effects that are well docu-
mented and occur more than rarely. Significant rare 
reactions as well as ones that have not been verified 
are also quoted.

• Safety in pregnancy and lactation
No studies have been done in humans, but neverthe-
less PAS has been used safely in pregnancy. The drug 
should be used only if there are no alternatives for a 
pregnant woman who has multidrug-resistant tuber-
culosis [14, 31, 90]. In reproduction studies with rats 
at doses within the human dose range, occipital mal-
formations were observed. Nevertheless no adverse 
effects on the fetus were observed in rabbits treated 
with 5 mg/kg/day throughout gestation [90]. No re-
ports describing the placental transfer of PAS have 
been located. The molecular weight (approximately 
153) is low enough, however, that passage to the fetus 
should be expected [90].

The Collaborative Perinatal Project monitored 
50,282 mother-child pairs, 43 of whom had 1st tri-
mester exposure to PAS. Congenital defects were 
found in five infants. This incidence (11.6%) was 
nearly twice the expected frequency. No major cat-
egories of malformations or individual defects were 
identified. An increased malformation rate for ear, 
limb, and hypospadias has been reported for 123 pa-
tients taking 7–14 g of PAS per day with other anti-
tubercular drugs. An increased risk of congenital de-
fects has not been found in other studies [90].

In an earlier survey it has been suggested that 
children born to women with pulmonary tuberculo-
sis may show an excess of serious congenital malfor-
mations. Among a random sample of 3,295 pregnant 
women who were interviewed at their first antenatal 
visit and followed up to ascertain the outcome of their 
pregnancies, 61 gave a history of pulmonary tuber-
culosis and four of the children born to them were 
subsequently found to have major congenital defects 
(two were anencephalic, one had absent kidneys, and 
one a cardiac defect. Thus McDonald has suggested 
that infants born to women with a history of tuber-
culosis show an excess of serious congenital defects. 
An detailed study of the outcome of 253 pregnancies 

in women known to have been on the active regis-
ter of the Cardiff Chest Clinic however has failed to 
substantiate this. During the first months of 74 of the 
pregnancies, various combinations of isoniazid, PAS, 
and streptomycin had been administered. There was 
nothing to suggest that any of the drugs was terato-
genic. The data indicate that chemotherapy in wom-
en with respiratory tuberculosis no longer poses an 
increased risk of stillbirth in pregnancy or of infant 
death after delivery [91].

Marcus also has presented valuable clinical evi-
dence regarding the safe utility of PAS during preg-
nancy. The report analyzed 19 children, delivered of 
18 mothers (1 twin). Fifteen mothers were already 
being treated at the time of conception, one started 
treatment at 4 weeks and two at 8 of weeks gesta-
tion. Eleven were treated with streptomycin 1 g daily, 
and two   with 1 g three times a week ; 14 with PAS 
10 - 15 g daily; and 17 on isoniazid 500 - 700 mg 
daily. Six were also being treat with other antituber-
culous drugs, e.g. 2 with isoxyl 1.5 g and 5 g daily: 
3 with pyrazinamide 2- 3 g daily: 3 with ethionamide 
500 - 750 mg daily: and 2 with thiacetazone 120 mg/
day. These drugs were used until at least the end of 
the first trimester.  Of the 19 babies, one was born at 
36 weeks. The babies were examined at ages ranging 
from week  to one year with an average age of 3.8 
months. The only abnormalities found were 2 umbil-
ical hernias (common in the native Africans), with a 
slight divarication of the rectum, and 1 child whose 
left testis was smaller than the right, There were no 
stillbirths or neonatal deaths. 411 the children fol-
lowed up eventually and were considered healthy and 
free of adverse effects [92]. 

Aminosalicylic acid is excreted into human breast 
milk. In one non-breast-feeding patient given an oral 
4-g dose of the drug, a peak milk concentration of 1.1 
μg/mL was measured at 3 hours with an elimination 
half-life of 2.5 hours [32]. The peak maternal plasma 
concentration, 70.1 μg/mL, occurred at 2 hours [90].

• Drug interactions 
Pharmacokinetic interactions
Aminosalicylic acid may reduce the acetylation of 
isoniazid, especially in patients who are rapid acetyl-
ators, resulting in increased isoniazid serum levels. 
The severity of this interaction is moderate is usually 
of delayed onset and is considered clinically insig-
nificant [19, 23, 26]. Nevertheless the magnitude of 
this interaction and its sequelae has not been studied 
with the presented parenteral formulation. It has to 
be stressed out however that at aminosalicylate serum 
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concentrations exceeding 100 µg/ml (e.g. in infusion 
therapy) some modest increase in serum isoniazid 
concentrations is possible due to displacement from 
plasma proteins as well [23]. On these grounds the 
patients should be monitored for symptoms of iso-
niazid toxicity (nausea, vomiting, dizziness, slurring 
of speech, blurred vision, and visual hallucinations) 
[30].

Older oral dosage forms of PAS, containing ben-
tonite have been reported to reduce serum rifampicin 
concentrations but there is no such interaction in case 
of novel formulations free from this additive [23]. 
Such interaction is absolutely impossible and is clini-
cally irrelevant in case of co-administration of rifam-
picin with sodium aminosalicylate infusion.

PAS has been documented to decrease digoxin 
bioavailability leading to reduced digoxin serum con-
centrations presumably due to an effect on gut wall 
functions [30]. In a literature report in two out of ten 
patients, digoxin levels were reduced by 40% eight 
hours after the last dose of PAS 2 grams four times 
daily. The mechanism of this effect is presumably due 
to inhibition of the function of intestinal absorbing 
cells by PAS [30, 31]. 

PAS appears to increase phenytoin plasma levels 
[19, 31]. In such occasions phenytoin toxicity could 
be expected mainly in patients receiving both PAS 
isoniazid (especially slow acetylators), the latter also 
known to increase plasma phenytoin levels. On these 
grounds tuberculosis patients receiving PAS plus iso-
niazid and phenytoin should be closely observed for 
signs of phenytoin intoxication [31].

Long-term therapy with PAS has been shown to 
reduce the absorption of vitamin B12 from the gastro-
intestinal tract, possibly resulting in cyanocobalamin 
deficiency. [30]. The mechanism of this interaction 
remains elusive; it may be related to an PAS-induced 
malabsorption syndrome. No abnormally in the pro-
duction of intrinsic factor (IF) or its binding has been 
found, nor is malabsorption of vitamin B12 corrected 
by coadministration of IF [23]. Theoretically, higher 
doses of oral cyanocobalamin may be required in pa-
tients treated with PAS. However, this interaction is 
of doubtful clinical relevance concerning intravenous 
infusion with sodium aminosalicylate unless large 
doses are applied for prolonged periods; patients re-
ceiving PAS for more than one month may require 
supplemental cyanocobalamin [30].

The treatment with PAS is associated with reduced 
absorption of dietary folate in turn could increase the 
toxicity of antifolate antineoplastic agents such as 
methotrexate [19].

Coadministration with diphenhydramine is asso-
ciated with reduced absorption of PAS [19]; this in-
teraction is of no significance as far as the parenteral 
route of PAS application is considered.

With the only exception of diclofenac, the non-se-
lective NSAIDs especially salicylates can increase 
the plasma concentrations and reduce the clearance 
of PAS leading to potentiation of the adverse effects 
of the antitubercular agent [19, 93]. This interaction is 
especially troublesome with phenylbutazone. The lat-
ter displaces PAS from albumin binding sites and also 
inhibits the renal tubular secretion of both PAS and 
its metabolites which could leas to increased plasma 
levels and toxicity [26].  

Concomitant probenecid has been reported to 
increase serum concentrations of PAS, at least tran-
siently, and it has been suggested that probenecid be 
used with caution in patients receiving PAS. Howev-
er, limited data available to date suggest that concur-
rent administration of these drugs does not result in 
clinically important increases in PAS concentrations 
[31].

Ammonium chloride should not be used in pa-
tients receiving PAS because of the increased proba-
bility of crystalluria during therapy [31].

Pharmacodynamic Interactions 
Co-administration of PAS and ethionamide may 

intensify the adverse effects of PAS in patients re-
ceiving this combination of agents especially its hep-
atotoxicity and antithyroid effects [23, 30, 93]. Ad-
verse reactions may include jaundice, hepatitis, nau-
sea, vomiting, diarrhea, abdominal pain, or anorexia 
[30]. The severity of the effects is moderate. Patients 
receiving combined PAS and ethionamide should 
be monitored for excessive side effects, especially 
hepatotoxicity, antithyroid effects and gastro-intesti-
nal distress [30]. This combination of agents should 
only be administered to patients found to have nor-
mal baseline liver and thyroid function. Regular 
liver function tests should be performed in patients 
receiving this combination of agents [30]. Patients 
with diabetes mellitus are more likely to experience 
hepatotoxicity and have more difficulty with diabetic 
management; these patients need close monitoring. 
Ethionamide should be withdrawn if significant, in-
tolerable adverse reactions develop [30].

Concomitant use of angiotensin-converting en-
zyme inhibitors and PAS can reduce the antihyperten-
sive effect of the latter, and the use of calcium chan-
nel blockers can increase the anticoagulant effect of 
PAS [93]. 
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Simultaneous utilization of PAS and carbonic an-
hydrase inhibitors may potentiate the adverse effects 
of both drugs [93], especially having into consider-
ation recent data indicating that the antituberculosis 
agent has intrinsic inhibitory activity on carbonic an-
hydrase as well [94].

Co-administration of PAS and systemic corti-
costeroids can increase the number and severity of 
adverse effects, especially the gastrointestinal distur-
bances [93]. 
PAS can reduce the effect of loop diuretics, and, vice 
versa, loop diuretics can increase the serum levels of 
PAS [93]. 

PAS has been associated with hypoglycemia in di-
abetes patients [30, 95] and conversely can increase 
the hypoglycemic effects of sulfonylureas [93]. More-
over it has been shown to increase prothrombin time 
[96], which poses an increased risk of bleeding when 
administered in conjunction with oral anticoagulants, 
fibrinolytics, salicylates or anti-platelet drugs [93].

PAS has been reported to interfere technically with 
the serum determinations of albumin by dye-binding, 
SGOT by the azoene dye method and with qualita-
tive urine tests for ketones, bilirubin, urobilinogen or 
porphobilinogen. PAS reportedly causes false-pos-
itive results with cupric sulfate solution (Benedict’s 
reagent) for urine glucose determinations.  It dose not 
interfere with the enzymatic test for blood glucose 
monitoring [26, 31].

Conclusion and prospectus
Para-aminosalicylic acid was historically the 

second medicine to be introduced for the treatment 
of tuberculosis, in 1946, and was an inevitable part 
of standard treatment regimens up-until the 1970s.  
Eventually its use recommenced in the 1990s with 
the emergence of multidrug-resistant tuberculosis. 
Noteworthy, approximately 450,000 cases of multi-
drug-resistant tuberculosis occur globally every year, 
which corresponds to roughly 5% of the world’s an-
nual burden of tuberculosis. In the European Union, 
however tuberculosis is an orphan indication. It was 
estimated in 2011 to occur in 2.3 out of 10,000 peo-
ple. Nevertheless, multidrug-resistant tuberculosis is 
associated with a very high mortality rate and poses 
a significant public-health threat as patients infected 
with drug-resistant strains are unable to receive ad-
equate curative chemotherapy and can potentially 
spread their infection.

To address the issue of growing resistance to anti-
tuberculous agents the European Medicines Agency’s 
Committee for Medicinal Products for Human Use 
(CHMP) has recommended an centralized authori-
zation of para-aminosalicylic acid for use in combi-
nation with other medicines against multidrug-resis-
tant tuberculosis. The Committee has recommended 
granting centralized marketing authorizations for pa-
ra-aminosalicylic acid in EU against multidrug-resis-
tant tuberculosis in adults and pediatric patients when 
an effective treatment regimen cannot otherwise be 
devised for reasons of resistance or tolerability. 
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