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Following its introduction as an antituberculosis agent close to 75 years ago, the use

of para-aminosalicylic acid (PAS) has been limited by gastrointestinal intolerance and

multiple formulations were produced in attempts to reduce its occurrence. More

recently, an enteric-coated, granular, slow-release PAS formulation (PASER) was

introduced and is now in wide-spread use for the treatment of drug-resistant

tuberculosis. The current PASER dosing regimen is based on recommendations

derived from older studies using a variety of different PAS formulations and relegate

PAS to a role as an exclusively bacteriostatic agent. However, there is ample

evidence that if sufficiently high serum concentrations are reached, PAS can be bac-

tericidal and that intolerance following once daily dosing, that aids the achievement

of such concentrations, is no worse than that following intermittent daily dosing. In

particular, prevention of resistance to companion drugs appears to be dependent on

the size of the single dose, and hence the peak concentrations, and not on

maintaining serum levels consistently above minimum inhibitory concentration. We

present a narrative review of the development of PAS formulations, dosing practices,

and published data regarding pharmacokinetics and pharmacodynamics and the

relationship of PAS dosage to intolerance and efficacy. Our conclusions suggests that

we are at present not using PAS to its maximum ability to contribute to regimen

efficacy and protect companion drugs.
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1 | INTRODUCTION

In 1943, Jorgen Lehmann proposed that para-aminosalicylic acid (PAS)

might have antituberculosis activity1–4; and, by 1944, PAS was

successfully used in Sweden to treat pulmonary tuberculosis (PTB)

patients.5

At almost the same time, streptomycin (SM) was discovered

and its activity studied in the USA by Schatz, Bugie and Waksman

and other clinicians6–8 in parallel to a series of randomized con-

trolled studies conducted by the British Medical Research Council

(BMRC) between 1948 and 1952.9–12 Although initially significant

improvement in the condition of PTB patients was documented

following SM monotherapy, SM resistance emerged within the first

months of treatment, and, by 3 months, 85% (35/41) of the

patients remaining sputum culture-positive were producing viable

bacilli resistant to SM.13 The combination of sodium PAS (NaPAS)

with SM and, later isoniazid (INH),9,11,12,14,15 inhibited the

emergence of resistance to SM and INH and created an efficacious

antituberculosis regimen that was the backbone of TB

chemotherapy for approximately 30 years. PAS disappeared from

many pharmacies after ethambutol was found to be effective and

better tolerated.16,17
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The emergence of human immunodeficiency virus infection, how-

ever, and the concomitant multidrug-resistant (MDR) and extensively

drug-resistant (XDR) TB epidemics, led to a renewed interest for PAS

to protect companion drugs within regimens comprised of second-

and third-line agents. Amongst the formulations introduced in

response to this need was an enteric-coated PAS formulation, PASER

(Jacobus Pharmaceuticals, Princeton, NJ, USA). Assuming that PAS is

essentially a bacteriostatic agent, PASER was designed to provide a

slow-release of PAS allowing a prolonged period of PAS concentra-

tions above the minimum inhibitory concentration (MIC) of Mycobac-

terium tuberculosis of 1–2 μg/mL when given in divided daily

doses,18–23 and with less intolerance. This formulation is now widely

used to manage certain forms of drug-resistant TB.21,22,24,25

Other older antituberculosis drugs such as rifampicin are now

undergoing re-evaluation using modern techniques and parent mole-

cules26,27; the recommendations for PAS dosing are seldom

questioned and have not been reassessed by methodologies that

might be now considered routine, such as determination of early bac-

tericidal activity (EBA), evaluation of the maximum tolerated dose or

the relationship between dosage, pharmacokinetics (PK), activity and

intolerance. The knowledge from older studies regarding these

aspects of PAS use is commonly ignored as is the fact that the intro-

duction of PASER requires old dogmas to be challenged, because its

PK is very different from the formulations used when the principles of

PAS usage were established. Irrespective of the formulation used, it

could be argued that PAS therapy with PASER should aim at providing

exposures similar to those achieved by the most successful NaPAS

treatments used in the BMRC studies.9,11,12,14,15

In 2018, the World Health Organization revised its treatment rec-

ommendation on MDR-TB, partly based on a recent meta-analysis

investigating the relationship of individual antituberculosis agents

with treatment success and death.28–30 This meta-analysis found PAS

to contribute little or nothing to treatment success in patients with

MDR-TB susceptible to PAS,28 but it should be noted that those

patients with MDR-TB isolates resistant to PAS had worse outcome.28

Other reports, however, do provide a more positive picture of the

value of PAS in managing drug-resistant TB patients.31 This empha-

sizes the need to re-examine all existing data on PAS to determine if

we are currently using PASER optimally.

In this paper, we expand our previous review of the development

of PAS regarding formulations, dosing practices and their relationship

to the prevention of resistance in companion drugs and intolerance22

and review the PK of PAS in greater depth and in particular regarding

the lack of relationship of PAS concentrations to intolerance. We also

present previously unappreciated evidence that PAS may well have

some bactericidal efficacy.

2 | METHODS

We conducted a literature search in PubMed to identify articles on

the PK, pharmacodynamics (PD), safety, and tolerability of PAS. The

search terms used in various combinations were: “Aminosalicylic

Acid”[MeSH], “para-aminosalicylic acid”, “PAS”, “efficacy”, “intoler-

ance”, “dosage”, “dose”, “intravenous”, “PK”, “PD”, “PK PD”, “Pharmaco-

kinetic*”, “Pharmacokinetics”[MeSH], “Pharmacodynamic*”,

“Pharmacology”[MeSH], “Tuberculosis”[MeSH], “Tubercul*”. The iden-

tified articles were screened by title and abstract. Additional articles

were identified from referenced articles and related citations in

PubMed. Data on PAS PK/PD including intolerance were assessed

with particular emphasis on comparison between single-daily doses vs

the same dose but in divided smaller doses; we also noted the PK and

intolerance related to intravenous administration of NaPAS. R version

3.5.1 and WebPlotDigitizer version 4.2 were used to reconstruct fig-

ures from 2 studies.32–35

3 | RESULTS AND DISCUSSION

3.1 | PAS formulations

In the face of severe intolerance noted soon after its introduction var-

ious formulations of PAS were manufactured, including PAS acid and

various PAS salts such as NaPAS, potassium PAS (KPAS), and calcium

PAS (CaPAS).22,36 Several granular and enteric coated formulations

also became available in an attempt to reduce the gastrointestinal

intolerance to PAS but were often associated with lower peak con-

centrations (Cmax) and total exposure (area under the curve, AUC)

compared to PAS salts.22,37–39 Similarly, the PASER formulation of

PAS was designed to be better tolerated than earlier formulations and

does appear to cause less gastrointestinal intolerance.20–23,40,41 Multi-

ple other PAS formulations have been reported in the literature, few

of which have less gastrointestinal intolerance when compared to

NaPAS.22,37–39,42–51

3.2 | The dose of PAS

Several PAS dosing regimens use oral and intravenous routes of

administration, ranging from once daily to multiple daily doses.

3.2.1 | Intravenous dosing regimens

As early as the 1950s, intravenous NaPAS at 24–25 g was utilized in

patient care.3,52

3.2.2 | Oral dosing regimens

PAS in multiple daily doses has been in use from its first introduction

into clinical use.5,9,11,14,15,53 The dosage of NaPAS in the earliest stud-

ies was 20 g/dadministered orally in 4 divided 5-g doses.9,11 Subse-

quent studies evaluated lower doses including NaPAS dosages of 5 g,

and 10 g/d administered orally in 4 divided 1.25- and 2.5-g doses,

respectively.11 In a later BMRC study, NaPAS dose of 10 g/d was
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administered orally but in 2 divided 5-g doses.14 Other PAS regimens

investigated in clinical studies are 3.3 g twice or thrice daily or 6.6 g

twice daily, and 4 g PASER twice daily.18,21,40,54

Various researchers have studied single daily PAS administration.

The doses include PASER at 6 g single dose and 8 g once daily21,23,41;

NaPAS at 15 and 17 g once daily39,55; and, Neopasalate 12 g once

daily.47

For use in the clinic, current recommendation is for PAS to be

used as 4 g twice or thrice daily.24,56 Similarly, the World Health Orga-

nization recommends 8–12 g/d in 2 or 3 divided doses.30

It is important to note that 1 g of PAS acid is equivalent to 1.19 g

of NaPAS, 1.37 g of crystalline NaPAS and 1.12 g of CaPAS.3 To com-

plicate matters, these conversion factors could vary between formula-

tions of the same generic. For example, 1 g of PAS acid is equivalent

to 1.43–1.7 g of NaPAS,44,45 1.12–1.54 g of CaPAS and 1.54 g of

KPAS.3,44

3.3 | PAS PK

The absorption of PAS salts including NaPAS and KPAS is rapid and

complete following oral administration, which usually produces higher

PAS concentrations than a PAS acid formulation.44 PAS acid is poorly

soluble in acidic environments, tends to be slowly released while still

in the stomach, and is therefore readily acetylated during first-pass

metabolism.22 Compared to the PAS acid, NaPAS, KPAS and CaPAS

formulations are more water soluble, and more easily absorbed and

more easily saturate the N-acetyltransferase-1 (NAT1) acetylation

capacity of the gut and liver.22,44,51

PASER administration with food results in 1.5 and 1.7-fold higher

PAS Cmax and AUC from time zero to infinity, respectively, compared

to its administration when fasting.41 In addition to the better absorp-

tion when given with food, intolerance to PASER might be less.41 The

plasma protein binding of PAS ranges between 50 and 73%.2,22,57

PAS distribution to various sites of disease was shown in animal stud-

ies to depend on how high the concentrations were in the blood.51,57

The elimination half-life of PAS varies from about 0.5 to 2.5 hours

depending on the PAS formulation and administration with or without

food or antacid.21,24,41,45 Following oral administration, PAS is

metabolised in the gut to acetyl-PAS, and in the liver to both acetyl-

PAS and glycine-PAS.18,22,51 About 80–90% of an administered dose

is excreted in urine following glomerular filtration and tubular secre-

tion as PAS, glycine-PAS and acetyl-PAS.2,18,22,44,45,51,58 Although,

previously considered monomorphic, NAT1 is now proven to be poly-

morphic just like N-acetyl transferase-2 (NAT2).23,59,60 A

South African study in patients with MDR- or XDR-TB, found

NAT1*4/*10 genotype in 44%, NAT1*14A genotype in 6%, NAT1*10/

*3 genotype in 3%, and heterozygotes or homozygotes NAT2*5 geno-

type in 37% of the study population, all of which are slow acetylators.

Whereas, 66% of the study population were heterozygotes or homo-

zygotes for the rapid acetylator NAT2*4 genotype.23 A population PK

modelling that included NAT1 and NAT2 alleles as covariates, found

NAT1*3, NAT1*14 and NAT2*5 alleles to result in significant reduction

in the oral clearance of PAS by 17, 14 and 27%, respectively.23

It is important to note that more PAS is inactivated when adminis-

tered in repeated small doses in comparison to same daily dose

administered as a single large dose. Lehmann in a 1969 paper,

reported the PK of a microgranulate PAS formulation (PASolac, A/B

Ferrosan) that was designed to be rapidly absorbed.51 The micro-

granulate was administered orally either as 4 g thrice daily or as a sin-

gle 12-g dose.51 This study showed the excretion of acetyl-PAS was

larger with repeated small doses (4 g × 3) than with a single large dose

(12 g × 1).51 This is probably because at high PAS concentrations, ace-

tyl coenzyme A depletion contributes to the suppressed transforma-

tion to acetyl-PAS.22,38,51

Some PK parameters of various PAS formulations are provided in

Table 1 and it is clear that the plasma PAS concentrations achieved

following administration of different PAS formulations vary greatly.

Furthermore, the considerable interindividual and interoccasion vari-

ability found with different PAS formulations contributes to the chal-

lenges of using PAS.21,23,37,43–45

PAS can be a subject of drug interactions at both PK and PD

levels. PAS absorption could be interfered with by antacid such as alu-

minium hydroxide because of its adsorption effect,58 a later study,

however, showed negligible effect on overall PAS exposure when

PASER formulation was administered with a combination of alumin-

ium hydroxide and magnesium hydroxide/simethicone.41 In addition,

digoxin could reduce PAS absorption and vice versa.62,63 PAS, by

competing with INH for acetylation possibly through depletion of

coenzyme A, could result in elevated INH concentrations.51,58 The

oral clearance of PAS is increased by efavirenz.21,23 A recent in vitro

study reported PAS to be a substrate of multiple organic and cation

transporters.64 In this study, nonsteroidal anti-inflammatory drugs

such as diclofenac and indomethacin, and proton pump inhibitors such

omeprazole inhibit PAS uptake through OAT1 and OAT3 inhibition.64

Similarly, in vitro study showed metformin inhibits OCT1 and OCT2

mediated PAS uptake. At the PD level, PAS combination with

ethionamide/prothionamide could increase the risk of reversible thy-

roid dysfunction.62,65

3.4 | Efficacy

PAS is structurally related to para-aminobenzoic acid, a substrate for

dihydropteroate synthase.2,64 PAS mechanism of action is thought to

involve PAS incorporation into the folate biosynthetic pathway by

dihydropteroate synthase and dihydrofolate synthase to generate a

hydroxyl dihydrofolate antimetabolite that in turn inhibits

dihydrofolate reductase.2,64 In addition, PAS is hypothesized to also

inhibit synthesis of mycobactin, a mycobacterial cell wall

component.24

3.4.1 | Early studies of PAS in the prevention of
resistance in companion drugs

There is in vitro evidence of a concentration-related bacteriostatic

effect of PAS; an early study by Singh and Mitchison demonstrated
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the failure of PAS in combination with either SM or INH to protect

these companion drugs against resistance emergence at low PAS con-

centrations of 10 μg/mL, but that PAS concentrations of 100 μg/mL

were effective in preventing emergence of resistant organisms.66

Mitchison later described this effect attained at higher PAS dosages

as bactericidal.67 Other in vitro studies demonstrated a concentration-

related bacteriostatic effect of PAS.36,51,68,69 In addition, in vivo

guinea pig and mouse TB models also showed a dose and

concentration-related bacteriostatic effect of PAS.68

In early clinical studies of PAS, SM and INH, all the drugs were

given in divided daily dosages as was then the practice with infectious

diseases, it being considered necessary to maintain the constant pres-

ence of inhibitory concentration of the relevant drug.9,11,14,15,53 The

dosage of NaPAS in the earliest studies was 20 g/d but administered

in 5-g doses.9,11 In later studies, NaPAS dosages of 5, 10 and 20 g

were evaluated, and a NaPAS dosage of 20 g (5 g × 4) used in combi-

nation with SM was more efficacious in the prevention of resistance

to SM than 10 g (2.5 g × 4) or 5 g (1.25 g × 4) daily.11 When used

combined with INH, efficacy in prevention of INH resistance was simi-

lar whether a daily PAS dosage of 10 g (5 g × 2) or 20 g (5 g × 4) was

used.14 This suggests a dose-related gradient for PAS efficacy in the

prevention of resistance developing in companion drugs, with a 5-g

NaPAS single dose being more efficacious than 1.25- or 2.5-g doses.

When discussing these studies Singh and Mitchison suggested that it

was possible the doses used rather than the total daily dosage that

was responsible for the improved prevention of resistance in compan-

ion drugs that accompanied the use of 5 g single doses of PAS. In

other words, it is likely that the PAS Cmax rather than just AUC or per-

centage of time above MIC (%T > MIC) was responsible for suppres-

sion of resistance in companion drugs.

3.4.2 | Studies documenting the efficacy of PAS
monotherapy in reducing sputum acid-fast bacilli
counts

It is important to note that a neglected, blinded randomized,

placebo-controlled early study also evaluated the efficacy of PAS

monotherapy in causing a fall in the percentage of patients

coughing sputum containing acid-fast bacilli (AFB) seen on micros-

copy. In total, 176 patients were randomized to receive either pla-

cebo (n = 82) or an enteric-coated PAS granulate (n = 94).34 The

enteric-coated PAS granulate was given in 4 daily doses of 5, 2,

2 and 5 g.34 In comparison to placebo, the percentage of PTB

patients with sputum smears positive for AFB fell significantly from

62.2% (standard error ±5.35) to 18.9% (±3.27) during the first

8 weeks of PAS monotherapy; no similar response occurred in

patients receiving placebo (Figure 1).34

In 1969, the results of 2 studies were published during which a

research group in Berlin assessed the efficacy of the new potential

antituberculosis agents, thiocarlide and morphazinamide, in compari-

son to the established agents such as PAS, isoniazid, rifampicin and

ethambutol by measuring the fall in counts of AFB/mL of sputum

quantified by Gaffky counts, a recognized manner of quantifying

AFB/mL of sputum.35 The response to treatment was thus assessed

in a manner similar to that of today's EBA studies. In the first study,

the activity of thiocarlide was compared to that of PAS at a NaPAS

dosage of 12 g given orally 3 times daily in 4 g doses. During the sec-

ond, similar study, morphazinamide, was assessed in comparison to

INH, ethionamide and cycloserine and PAS given intravenously35 and

the results are illustrated in Figure 2.

Although PAS serum concentrations were not determined in

either of the studies, the mean peak concentrations reached in

patients during the first study (4 g × 3) would probably have been

50–100 μg/mL.44,45 During both studies, a significant fall in log counts

of AFB/mL of sputum in the patients receiving PAS was docu-

mented.35 Remarkably, the fall in AFB in the second study after intra-

venous PAS, following which PAS concentrations of well over

200–300 μg/mL would probably be reached, matches the fall in AFB

counts associated with INH the most bactericidal of our currently

available antituberculosis agents.

During the well-known, first comprehensive study of the EBA of

antituberculosis agents carried out in Nairobi by Jindani et al. in 1980,

a small group of patients received NaPAS 15 g once daily for

14 days.55 During the first 2 days (2-day EBA), a fall in log10 counts of

viable colony forming units of 0.259 per mL of sputum per day was

found, a value similar to that of 10 mg/kg rifampicin in this same

study.55 Plasma PAS concentrations were not measured in this study;

but the mean Cmax achieved was probably close to 190–240 μg/mL,

based on the results of investigation by Frostad in few patients that

were administered 12 g PAS formulation equivalent to 17 g NaPAS as

a single dose.39

F IGURE 1 Percentage of patients with sputum smears positive
for acid-fast bacilli after receiving a placebo or enteric-coated para-
aminosalicylic acid (PAS) granulate given in 4 daily doses of 5, 2,
2, and 5 g (redrawn from34)
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A study by Reisner over a 6-month period showed similar PAS

efficacy was achieved irrespective of PAS administration as a single

daily dose of 6 g, or as a 12-g daily dose (4 g × 3), in combination

with INH.70 Efficacy in this study was defined as improvement in

chest X-ray abnormalities, cavity closure, and the disappearance of

tubercle bacilli from previously positive sputum.70 Even though

plasma PAS concentrations were not measured in this study, one

could assume that the Cmax achieved with 6 g is probably higher than

with 4 g PAS doses. Indeed, early researchers and clinicians, including

Jorgen Lehmann, the discoverer of PAS recommended single daily

dosing of PAS, if this could be tolerated.39,43,61,71

The usual PAS recommendation for divided daily doses is mainly

to ensure that its plasma concentrations between dosing intervals are

above the MIC of 1–2 μg/mL,18–22,54 and to ensure that less

intolerance is experienced. This is in keeping with the understanding

that %T > MIC is the most important PAS PK/PD parameter of

efficacy.52 However, Charles, in 1955, suggested PAS Cmax and/or its

overall systemic exposure were more important determinants of

efficacy, and not necessarily %T > MIC.52 In his study, 25 g NaPAS

solution administered as intravenous infusions 3 times a week,

produced at least 10-fold higher PAS blood concentrations compared

to oral PAS administration, and he claimed, with a better treatment

outcome in the former.52

Furthermore, the designs of the aforementioned BMRC

studies9,11,14 suggest that individual PAS doses and, by extension

Cmax, might be linked to suppression of resistance emergence.

Although, no PAS PK data are available from the studies,9,11,14 Citron

and Kuper later reported that a mean Cmax of approximately

100 μg/mL was achieved following 5 g oral doses of NaPAS, this being

the dose used in the most successful arms of the BMRC studies with

the lowest Cmax being 50 μg/mL.22,37 It is reasonable to propose

a clinical equipoise; that PAS Cmax of at least 100 μg/mL may be desir-

able to achieve suppression of resistance-emergence in companion

drugs, and that at high doses and by implication high PAS

concentrations, bactericidal activity may be achieved as can be

inferred from the study by Jindani et al.55

Studies by Peloquin et al.,18,41 Liwa et al.40 and Sy et al.23

provided evidence that much lower plasma PAS Cmax is achieved with

PASER (Table 1). Indeed, we found that despite increasing PASER

dose to 8 g once daily, the median Cmax was 80 μg/mL.23 PASER at

the currently recommended dosing regimen of 8–12 g/d given in 2 or

3 divided doses of 4 g provides Cmax values considerably lower than

those reached with the NaPAS formulation used during the BMRC

studies. There is, therefore, an urgent need to reconsider the current

dosing of PASER, and to perform a prospective evaluation of its

PK/PD using the current methodologies. We propose evaluating the

PK/PD of high, once daily administration of PASER, as this facilitates

use and simplifies supervision of drug intake.

3.5 | PAS intolerance

It is essential to distinguish between the toxicity and gastrointestinal

intolerance of PAS. A major problem with intolerance is that it carries

the liability of nonadherence and a risk of not completing treatment

and following these, treatment failure, relapse and further develop-

ment of drug resistance.

The frequency and severity of gastrointestinal intolerance includ-

ing nausea, vomiting and diarrhoea vary with different PAS formula-

tions, dose, route of administration and administration as a single daily

dose or in divided daily doses, and, possibly, when taken with or with-

out food.3,9,11,41,47,52 In the BMRC studies, the gastrointestinal

F IGURE 2 Behaviour of the Gaffky values in
response to the treatment of cavitary pulmonary
tuberculosis with different therapeutic modalities
in the lung clinic Heckeshorn (redrawn from35)
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intolerance to NaPAS administered orally in divided daily doses was

reported to occur in 12–58% of patients, with higher NaPAS doses

associated with more frequent intolerance.9,11,22 By contrast, intoler-

ance to PASER formulation seems to be low following its administra-

tion at dosing regimens of 8 g once daily or at 4 g once, twice, or

thrice daily.18,23,72 Peloquin et al. found that <4% of patients reporting

intolerance with this formulation.18 Other studies also reported

PASER to be well tolerated by patients.23,72 The better tolerability to

PASER could be because of PAS release in the small intestine rather

than in the stomach and the reduced production of meta-

aminophenol.20,24 Furthermore, the enteric-coating of PASER proba-

bly prevents direct gastric irritation by PAS.20

Yue and Cohen reported fewer patients having gastrointestinal

symptoms when a Neopasalate PAS formulation was administered

orally as a 12-g single daily dosage than following the same total daily

dosage, but in divided doses.47 Gastrointestinal symptoms were

reported in 6.9% (5/72), 10.7% (3/28) and 4.5% (1/22) of patients

administered oral Neopasalate at 4 g thrice daily, 6 g twice daily and

12 g once daily, respectively.47 Similarly, gastrointestinal symptoms

were reported in 14.8% (4/27), 12.5% (3/24), and 10.5% (2/19) of

patients administered oral NaPAS at 4 g thrice daily, 6 g twice daily

and 12 g once daily, respectively.47 Importantly, a single daily dose of

12 g Neopasalate/NaPAS compared to the same total daily dosage in

2 or 3 divided doses did result in similar sputum culture conversion

rate, despite failure to maintain PAS concentrations above 1–2 μg/mL

throughout the dosing interval in those receiving single daily doses.47

Similar observations were made by other investigators using various

PAS formulations.23,73

Of further interest, the Yue and Cohen study provided evidence

that intolerance to PAS is formulation related. Gastrointestinal symp-

toms were seen in 7.4% (9/112) of patients on Neopasalate, 12.3%

(18/146) on Rezipas, 19.3% (23/119) on Phenyl PAS, 20.8% (35/168)

on NaPAS, 24.8% (25/101) on CaPAS and in 50.9% (27/53) of

patients on KPAS.47

Also in the study by Yue and Cohen, a mean Cmax of

169.8 μg/mL was reached in patients administered 12 g once daily

Neopasalate compared to a mean Cmax of 40.6 μg/mL and

108.9 μg/mL in those administered 4 g thrice daily, and 6 g twice

daily, respectively.47 In spite of the higher Cmax achieved with 12 g

once daily, intolerance was lowest at 4.5% (1/22) compared to

6.9% (5/72) and 10.7% (3/28) in the 4 g × 3 (12 g/d) and 6 g × 2

(12 g/d) regimens, respectively.47 Similarly, Riska also found NaPAS

orally administered as a single daily dose rather than divided daily

doses was associated with fewer side-effects and better tolerabil-

ity, in spite of achieving very high PAS blood concentrations.43,61

Earlier mentioned BMRC studies found an association between

PAS dosage and intolerance. However, gastrointestinal intolerance

to PAS seems to be independent of its plasma concentrations, as

demonstrated in several PAS studies.3,21,23,40,47,69 More recently,

no association was found between PAS concentration and intoler-

ance when PASER was given as 4 g twice daily or 8 g once

daily.21,23,40 Adams et al. found no relationship between plasma

PAS, acetyl-PAS or glycine-PAS concentrations and gastrointestinal

intolerance, irrespective of PASER administration as 4 g twice daily

or 8 g once daily.74

In addition, Jones administered 4.8–5.0% solution of crystalline

NaPAS (equivalent to 24-25 g NaPAS), intravenously to TB patients

and found it well tolerated with only mild gastrointestinal symptoms

seen in about 7.4% (2/27) of patients, despite very high plasma PAS

concentrations.3 Charles, in his 1955 paper, found no gastrointestinal

intolerance in any of the 50 patients administered 25 g NaPAS intra-

venously.52 In this study, each patient received on average, 50 infu-

sions over a 4-month period. PAS concentrations reached were not

provided, but based on similar dose and formulation used by Riska,

the mean (range) PAS Cmax would probably be about 323 μg/mL

(190–570).52,61 Therefore, PAS plasma concentrations probably play

little role in gastrointestinal intolerance to PAS. Data from intravenous

PAS administration show that if gastrointestinal tract is bypassed,

intolerance to PAS is minimized; because gastrointestinal intolerance

requires the presence of PAS in the gastrointestinal tract.74

3.6 | PAS toxicity

The overall incidence of adverse events (AEs) ascribed to PAS varies

from 10 to 30%,2 and several studies reported PAS to have minimal

toxicity even at very high doses, with the most pressing concern being

gastrointestinal intolerance.3,21,40–43,51,61 PAS is associated with

reversible hypothyroidism that is amplified when used at high doses

and when combined with ethionamide or prothionamide.3,75 Other

potentially serious AEs associated with PAS include hepatitis,

haemolytic anaemia, granulocytopenia, polyneuritis, psychosis and

angioedema.3 Furthermore, hypersensitivity reactions to PAS are

experienced in about 5–10% of patients, but can be managed and

PAS can usually be reintroduced.2

It is important to note that PAS overall appears to be safer than

several other antituberculosis agents used in treatment of MDR- or

XDR-TB. Potentially serious AEs such as central nervous system and

haematologic disorders have been associated with other agents.75,76

Moreover, serious toxicities such as peripheral neuropathy, optic neu-

ritis, and hearing loss following the use of other agents can be irre-

versible.75 Thus, if tolerated, PAS appears to have a safety profile

comparable, if not better, than that of several other agents used in

MDR- or XDR-TB treatment.

4 | CONCLUSION

In summary, available evidence summarized above suggests that PAS

Cmax, AUC and, by extension, Cmax/MIC and/or AUC/MIC rather than

%T > MIC are the more important determinants of efficacy and sup-

pression of resistance development in companion drugs. Data

obtained from studies using PASER in healthy volunteers and TB

patients suggest that PAS exposures with currently used dosing regi-

mens are lower than those expected to have been achieved in the

BMRC studies of the 1950s and that we are not using the PASER for-

mulation optimally.18,21,40,41 Importantly it appears that PAS at higher
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dosages that achieve higher blood concentrations has a hitherto

unappreciated bactericidal effect that is not currently exploited.

Future PAS investigations should focus on exploring the relation-

ships between PAS dose, PK and pharmacogenetics and the efficacy

and tolerability of PAS in its different formulations. The slow-release

formulation of PASER may well offer an acceptable compromise

between intolerance and efficacy if dosed once daily. The demonstra-

tion of bactericidal activity by PAS, as is suggested by some of the

studies summarised above and better knowledge of the relationship

of PAS intolerance and efficacy to pharmacokinetic factors and dose

might enable the far greater rational use of PAS in community-based

programmes for patients otherwise therapeutically destitute. Resis-

tance to several of the newly introduced drugs for the management

of MDR- and XDR-TB has already been reported77,78; toxicity to sev-

eral of the currently recommended agents for managing MDR- and

XDR-TB patients is also not infrequent.75,76 PAS remains an attractive

orally administered, alternative agent for these patients, but we

urgently need to be better informed regarding the most efficacious

manner in which to administer PAS and the appropriate doses to use.

Should further studies confirm that PAS once daily is acceptable, both

as regards efficacy and intolerance, one might envisage a possible reg-

imen where PAS is given once daily in the evening with the

evening meal.

4.1 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to

corresponding entries in http://www.guidetopharmacology.org, the

common portal for data from the IUPHAR/BPS Guide to

PHARMACOLOGY.
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