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hemical compounds studied in this article:
soniazid (PubChem CID: 3767)
cethylisoiazid (PubChem CID: 71602)
eta hydroxyethyl theophylline (PubChem
ID: 1892)
ormic acid (PubChem CID: 284)
mmonium formate (PubChem CID:
723923)
cetronitrile (PubChem CID: 6342)
ethanol (PubChem CID: 887)

thidium bromide (PubChem CID: 14710)

a  b  s  t  r  a  c  t

Isoniazid  (INH),  recommended  by  WHO  (World  Health  Organization)  in the treatment  of  tuberculosis
(TB),  is metabolized  primarily  by  the  genetically  polymorphic  N-acetyltransferase  2 (NAT2)  enzyme.  The
human  population  is divided  into  three  different  phenotypic  groups  according  to  acetylation  rate:  slow,
intermediate,  and  fast acetylators.  The  objective  of  this  study  was  to  explore  the  relationship  between
NAT2  genotypes  and  the  serum  concentrations  of INH.  Blood  samples  from  96  patients  with TB were
taken  for the  analysis.  NAT2  polymorphisms  on coding  region  were  examined  by  polymerase  chain  reac-
tion  (PCR)  direct  sequencing;  the  acetylation  status  was  obtained  by measuring  isoniazid  (INH)  and  its
metabolite,  acetylisoniazid  (AcINH)  in  plasma  was  obtained  by using  the  liquid  chromatography  coupled
to  mass  spectrometry.  TB patients  were  distributed  into  two  groups  of fast and  slow  acetylators  according
to  the  acetylation  index  calculated  based  on  the  plasma  concentration  of INH  in the 3rd  hour (T3)  after  an
oral dose.  Our PCR  analysis  identified  several  alleles,  where  NAT2*4,  NAT2*5A,  NAT2*6A,  and  NAT2*13A
were  the  most  important.  The  concentrations  of INH  varied  between  1.10  mg/L  and  13.10  mg/L  at  the
3rd hour  and  between  0.1  and 9.5 mg/L  at the  6th  hour.  The  use  of the acetylating  index  I3 allowed  the
classification  of tested  patients  into  two phenotypic  groups:  slow  acetylators  (44.3%  of  TB  patients),  and
rapid  acetylators  (55.7%).  Patient’s  acetylation  profile  provides  valuable  information  on  their  therapeutic,
eywords:
AT2
enotyping

soniazid

pharmacological,  and  toxicological  responses.
©  2016  The  Authors.  Published  by Elsevier  Ireland  Ltd.  This  is an  open  access  article  under  the CC

BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
cetylation
oxicity

. Introduction

The concept of personalized medicine has emerged as a means

f improving therapeutic response and to minimize adverse drug
eactions. Significant functional changes and several polymorphic
nzymes involved in drug metabolism have now been identified
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with an influence on the systemic concentration of the drug. N-
Acetyltransferase 2 (NAT2) carries out an important metabolic
biotransformation of isoniazid (INH), and was  first recognized
among tuberculosis (TB) patients treated with this antibiotic [1,2].

More than 50 years after its introduction, isoniazid remains one
of the basic drugs used to treat tuberculosis, administered either
alone or as a prophylactic agent. Tuberculosis is now re-emerging
and is been classified as a major public health issue, causing
approximately 1.5 million deaths worldwide in 2014 (890 000 men,
480 000 women  and 140 000 children) [3]. In Senegal, about 12,256
new cases of TB infections are reported yearly: 76% have pulmonary
infection and 3% are deadly [4]. Thanks to the use of highly efficient

treatment protocols, such as directly observed therapy (DOT) and
the free care treatment for all patients without exception, Senegal
reported a therapeutic success rate that increased from 76% in 2006
to 85% in 2009 [4].
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Despite multi drug treatment régimes (pyrazinamide, isoni-
zid, ethambutol and rifampicin), patients have a wide variation
n plasma concentrations and adverse drug reactions such as hep-
titis are often observed [5,6]. Patients who are slow acetylators are
nown to be at risk of most drug-induced toxicity, whereas rapid
cetylators may  experience treatment failure. Therefore, studies of
he influence of NAT2 genotypes on the ability to metabolize iso-
iazid can help personalize and optimize the treatments régimes;
aking them therapeutically more efficient while simultaneously
inimizing the side effects associated with the use of this drug [7].
Therefore, the absence of data in INH acetylation in Senegal con-

titute a toxicity risk factor in the therapeutic treatment of TB. Our
im is to alleviate that with a profiling of the INH acetylation.

In this study, we will investigate the various mutations of the
AT2 found among patients with tuberculosis and associate the
inetics of INH metabolism to the acetylation profile in these
atients in order to provide a treatment regime that can be used to
etter manage the disease and to prevent the risk of INH toxicity.

. Material and methods

.1. Patients

TB patients were recruited, with their written consent after
uthorization from the ethics committee, from the pneumophti-
iology service of the university hospital of Fann, located in the city
f Dakar. The unit takes care of TB patients as well as respiratory
iseases patients. Our study was composed of 96 newly diagnosed
B patients, positive with Koch’s bacillus with treatment-naive.
atients were well representative of the different regions of Senegal
nd were composed of 57% women and 43% men, with age ranging
rom 17 to 74 years. Blood samples were taken by venepuncture-
ith ethylenediamine tetraacetic acid (EDTA) tube at T0 time zero

or genotyping of NAT2, and with heparinised tubes at T3 (after
hree hours) and T6 (after 6 h) after an oral administration of 5 mg
f isoniazid per kg of body weight (Isoniazid Tablets BP100 mg
acleods Pharmaceuticals Ltd.) for the dosage of INH. Patients
ith hepatic or renal insufficiency who were likely to alter the
etabolism or elimination of the drug were excluded. The renal

nd hepatic functions have been monitored by clinicians with
erum transminase testing as well as urine protein testing. How-
ver, results from such monitoring were not included; patients
ere selected by clinicians themselves. Whole blood collected and

he serum (collected by centrifugation immediately after sampling)
ere stored at −80 ◦C until required.

.2. NAT2 genotyping

A 5- or 10-mL blood sample from all 96 participants was col-
ected by the venojet system, employing a Vacutainer with EDTA
nticoagulant. After collection, blood samples were frozen at −20 ◦C
ntil analysis. Genomic deoxyribonucleic acid (DNA) was isolated
rom peripheral blood leucocytes using the Nucleon BACC3 kit (GE
ealthcare, Saclay, France) or the NucleonSpin kit (Macherey-Nagel
url, Hoerdt, France), according to the available volume of blood
nd the manufacturer’s instructions. The quality and quantity of
NA were determined using an UV–vis (UV) spectrophotometer
anodropND (Thermo Scientific, Courtaboeuf, France). After extrac-

ion, DNA samples were stored at −80 ◦C.

.2.1. Genomic DNA isolation
A 873-bp fragment covering the coding region of NAT2
as amplified by PCR using a pair of specific primers
NAT2F: 5′-GTTTTTCTTGCTTAGGGGATC-3′ and NAT2R: 5′-
TTAGTGAGTTGCGTGATACATA-3′). The amplification reaction
as performed in a final volume of 25 �L in the presence of 200 ng
orts 3 (2016) 826–831 827

DNA, 20 mM Tris-HCl buffer pH 8.4, 50 mM KCl, 1.5 mM MgCl2,
1.25 U Taq DNA polymerase, 0.2 mM of each dNTP and 0.4 �M of
each primer. The PCR thermal profile included an initial denatura-
tion step at 94 ◦C for 2 min, followed by 30 cycles of denaturation
at 94 ◦C for 1 min, annealing at 58 ◦C for 1 min  and extension at
72 ◦C for 1 min. The last cycle was followed by a 7 min  extension
step at 72 ◦C. Size and specificity of PCR fragments were controlled
on a 2% agarose ethidium bromide-stained gel.

2.2.2. Sequencing analysis
After purification with a MultiScreen 384-PCR Filter Plate (Mili-

pore, Billerica, MA,  USA), the amplicons were sequenced on both
strands with the aforementioned primers using the Big-Dye® Ter-
minator version 3-1 cycle sequencing kit (Applied Biosystems,
Villebonsur Yvette, France) and an ABI 3730 XL DNA sequencer
(Applied BioSystems). The sequence analysis and SNP identifi-
cation were performed using SeqScape v.2.5 software (Applied
BioSystems) using EnsemblGenom Browser Accession Number
ENST00000286479 (http://www.ensembl.org/index.html) as the
NAT2 genomic reference sequence.

2.2.3. Data analysis
The allele characterization and designation were performed

using the NAT2 allele nomenclature consensus published in 1995
and updated in April 2016 [http://nat.mbg.duth.gr/human/nat2/
allele].

The Chi-Square analysis (�2-test) was used to determine
whether the genotype distribution for each single-nucleotide poly-
morphisms (SNP) was  in Hardy–Weinberg equilibrium and the
significance was set at p < 0.05 [8].

2.3. Study of the kinetics of isoniazid metabolism

Plasma isoniazid concentrations were measured for 79 of the
96 tuberculosis patients. Venous blood samples were collected into
heparin anticoagulant at 3 and 6 h after administration of a single
oral dose of isoniazid 5 mg/kg in the morning. Plasma was sepa-
rated from blood cells by centrifugation and stored at −80 ◦C until
analysis.

2.3.1. Measurement of isoniazid and acetylisoniazid
concentrations

Estimation of isoniazid (INH) and its metabolite, acetylisoniazid
(AcINH) in plasma was carried out using liquid chromatography
coupled to mass spectrometry (UPLC–MS/MS).

The chromatographic separation was  performed on a liquid
chromatograph Ultra Performance (UPLC) Acquity (Waters Cor-
poration, Milford, Ma,  USA) equipped with an HSS column C18
2.1 × 150 mm,  1.8 �m (Waters Corporation) maintained at 50 ◦C.
The UPLC was  coupled to a triple quadrupole mass spectrometer
Xevo TQD (Waters Corporation) via an electrospray interface. The
control software of the system is MassLynx V4.1 software (Waters
Corporation).

All chemicals were of high performance liquid chromatog-
raphy (HPLC) grade. INH, AcINH, the internal standard I.S.
(�-hydroxyethyl theophylline), formic acid, ammonium formate,
acetonitrile and deionized water Biosolve were purchased from
Sigma-Aldrich (Saint-Quentin-Fallavier, France). Methanol was
obtained from VWR  Prolabo (Fontenay-sous-Bois, France).

To 100 �L aliquots of each standard, QC  sample and blank
plasma were deproteinized by adding 350 �L of acetonitrile in the
presence of 50 �L of internal standard. After briefly mixing on a

vortex shaker for 30 s protein was  removed by centrifugation for
5 min  at 10000 rounds per minute (rpm). A volume of 100 �L of
the supernatant was then transferred to an autosampler vial and
diluted in 900 �L of mobile phase. Then, 10 �L of this final mixture

http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
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Table 1
Observed frequencies of NAT2 haplotypes in the Senegalese tuberculosis patients
(N = 96).

NAT2 haplotype SNP Observed
frequency (%)

NAT2*4 None 10.9
NAT2*5A T341C, C481T 17.2
NAT2*5B T341C, C481T, A803G 6.3
NAT2*5D T341C 2.6
NAT2*5M T341C, C481T, A803G, G838A 0.5

Total NAT2*5 26.6
NAT2*6A C282T, G590A 18.8
NAT2*6B G590A 0.5
NAT2*6C C282T, G590A, A803G 5.2
NAT2*6J C282T, G590A, G857A 1.6
NAT2*6L C282T, C345T, G590A 0.5

Total NAT2*6 26.6
NAT2*7A G857A 0.5
NAT2*7B C282T, G857A 0.5
NAT2*7C C282T, A803G, G857A 2.1

Total NAT2*7 3.1
NAT2*12A A803G 4.7
NAT2*12B C282T, A803G 3.6
NAT2*12C C481T, A803G 3.1
NAT2*12H C403G, A803G 0.5

Total NAT2*12 12
NAT2*13A C282T 10.4
NAT2*14A G191A 2.6
NAT2*14B G191A, C282T 3.6
NAT2*14E G191A, A803G 3.6

Total NAT2*14 9.9
New allele (838) G838A 0.5

Table 2
Distribution of NAT2 genotypes and predicted acetylator phenotype (n = 96).

Genotype Number of
subjects

Observed
frequency (%)

Predicted
phenotype

NAT2*5/*5 5 5.2 Slow
NAT2*5/*6 16 16.7 Slow
NAT2*5/*7 4 4.2 Slow
NAT2*5/*14 10 10.4 Slow
NAT2*6/*6 7 7.3 Slow
NAT2*6/*7 1 1 Slow
NAT2*6/*14 4 4.2 Slow

Total Lent 47 49
NAT2*4/*4 1 1 Rapid
NAT2*4/*5 1 1 Rapid
NAT2*4/*6 7 7.3 Rapid
NAT2*4/*12 3 3.1 Rapid
NAT2*4/*13 6 6.3 Rapid
NAT2*4/*14 2 2.1 Rapid
NAT2*5/*12 9 9.4 Rapid
NAT2*6/*12 4 4.2 Rapid
NAT2*6/*13 4 4.2 Rapid
NAT2*7/*13 1 1 Rapid
NAT2*12/*12 1 1 Rapid
NAT2*12/*13 4 4.2 Rapid
NAT2*13/*13 1 1 Rapid
NAT2*13/*14 3 3.1 Rapid

Total Rapide 47 49
NAT2*6/*new (838) 1 1 Unknown
NAT2*5/*12H 1 1 Unknown
Total Unknowna 2 2
Total 96 100
28 A. Toure et al. / Toxicolo

ere injected into the UPLC–MS/MS. All plasma samples needed
o be processed immediately once they were thawed at room tem-
erature.

The mobile phase was a mixture of ammonium formate 5 mM
t pH 3 (A) and acetonitrile 0.1% in formic acid (B) (95:5, v/v). The
ow rate was 0.4 mL/min and the gradient profile used began with

 isocratic elution of (A:B) 95:5 v/v for 5 min, followed by a gradual
inear decrease of A to (A:B) 95:5 v/v until 2 min  and from the 7th

in, return to initial conditions (A:B) 95:5 v/v.
The Electrospray Ionization (ESI) source was operated in positive

ode and the final optimized conditions were as follows: capil-
ary voltage, 3 kV; cone voltage, 30 V for INH and AcINH, 35 V for
.S.; extractor voltage, 3 V; collision energy, 12 eV for INH, 14 eV
or AcINH, 19 eV for I.S.; source temperature, 140◦C; desolvation
emperature, 500◦C; cone gas flow, 50 L/h; desolvation gas flow,
50 L/h and collision gas (argon) flow 0.16 mL/min. Quantification
as achieved under multiple reaction monitoring (MRM) mode
sing the following transitions: INH m/z 138.0–121.0, AcINH m/z
80.0–138.0 and I.S. m/z 225.0–181.0.

.3.2. Determination of the index acetylation among tuberculosis
atients

To distribute the TB patients into two groups of fast and slow
cetylators, we used the method of Vivien et al. [9]. This method
nvolves calculating the acetylation index based on the plasma
oncentration of INH in the 3rd hour (T3) after an oral dose.
ivien et al. showed that there is a linear correlation between

he dose of INH (oral) and the plasma concentration of INH: the
ose/concentration ratio is constant for each patient; the slope
f the straight dose/concentration has a different value for each
atient: this is the index acetylation I3:

l3 = C3 + 0.6
Dose en mg/kg

C
3

= plasma concentration of INH at the 3rd hour, in mg/L

Median values of I3 were used for results analysis: I3 < 0.45: fast
cetylator; I3 = 0.45–0.65: intermediate acetylator; I3 > 0.65: slow
cetylator.

The index of acetylation will determine the daily dose of INH; a
ecommended dosage of 1.5 �g/mL INH at the 3rd hour.

Daily Dosage in mg/24h = Weight (kg) × (C3 + 0.6)
I3

= Weight (kg) × (1.5 + 0.6)
I3

. Results

.1. NAT2 alleles and genotypes

Twenty one different haplotypes that were observed are
resented in Table 1. The major alleles found were NAT2*4,
AT2*5A, NAT2*6A, and NAT2*13A followed by NAT2*5B, NAT2*6C
nd NAT2*12A.  Some alleles were observed at frequencies of <1%
NAT2*5M, NAT2*6B, NAT2*6L, NAT2*7A, NAT2*7B, NAT2*12H).

The distribution of the NAT2 genotype frequencies and pre-
icted phenotypes are summarized in Table 2. The most frequent
low acetylator genotype observed was NAT2*5/*6 (16.7%), followed
y NAT2*5/*14 (10.4%), and NAT2*6/*6 (7.3%). Among rapid acety-

ators, NAT2*5/*12,  NAT2*4/*6,  NAT2*4/*13 were the most frequent
enotypes, respectively. No differences were observed between the

low and rapid acetylator groups of tuberculosis patients, while 2
ndividuals remained unclassified (unknown phenotype) as they

ere carriers of one slow-acetylator allele and one allele with
nknown functional effect (c.838G > A and allele NAT2*12H).

a Two  out of the 96 tested subjects had an unknown acetylator phenotype as
they were composite heterozygotes for a slow-acetylator allele and an allele with
unknown functional effect.
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Table  3
Plasma Isoniazid and Acetylisoniazid concentrations in TB patients (N = 79) after 3
and  6 h from the administration of a dose (5 mg/kg body weight) of INH.

3 h (mg/L) 6 h (mg/L)
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Table 5
Proportional distribution of genotype and phenotype within the population of TB
patients (N = 77).

Phenotype Slow 35 7 42
Rapid 9 26 35
Total 44 33 77

Genotype

Slow Rapid Total

T
P
o

Isoniazid 4.78 + 3.03 (1.10–13.10) 2.60 + 1.97 (0.1–9.5)
Acetylisoniazid 1.34 + 0.96 (0.1–3.7) 0.56 + 0.5 (0.1–2.2)

.2. NAT2 genotypes and plasma isoniazid concentration

Predicted phenotypes were deduced from genotypes based on
 bimodal distribution of the acetylation of isoniazid [10]. Patients
ere grouped as slow or rapid acetylators if a genotype comprised

wo slow alleles or one or two fast alleles respectively. Plasma isoni-
zid concentrations were measured in all 79 patients and the levels
ompared between slow and rapid acetylators.

The retention times in UHPLC of INH, AcINH and the I.S. were
.9, 0.98. and 3.54 min, respectively. The calibration curve was lin-
ar over a concentration range of 0.1–20.0 mg/L and the limit of
uantification (LOQ) is the lowest calibration point of 0.1 mg/L.
he acquisition of the mass spectrum with a 30 V cone allowed
he forming of the protonated molecular ion [MH]+ of m/z = 138 for
soniazid and m/z  = 180 for AcINH (Fig. 1).

Table 3 shows the overall mean (95% CI) isoniazid plasma
oncentrations observed at 3 and 6 h. The concentrations of INH
btained after oral administration of 5 mg/kg body weight varied
etween 1.10 mg/L and 13.10 mg/L with a mean of 4.78 + 3.03 mg/L
or isoniazid at the 3rd hour and between 0.1 and 9.5 mg/L at the 6th
our. While, the concentration of acetylisoniazid varied between
.1 and 3.7 at the 3rd hour and between 0.1 and 2.2 at the 6th hour
Table 3).

The use of the acetylating index I3 allowed tested patients to be
lassified into two phenotypic groups: slow acetylators, 44.3% of
B patients, and rapid acetylators 55.7%. For a better correlation of
enotyping results, intermediate acetylators were classified in fast
roups.

Table 4 gives the concentrations of INH and AcINH at 3 h (T3)
nd 6 h (T6) in TB patients according to their acetylation profile.
t 3 h, INH concentrations varied between 2.8 and 13.1 mg/L in
low acetylators and between 1.3 and 3.5 mg/L in rapid acetyla-
ors. The concentrations of the metabolite, AcINH ranged from 0.2
o 3.7 mg/L, depending on the acetylation profile.

At 6 h, INH concentrations varied between 0.1 and 2.2 mg/L in
low acetylators and between 0.1 and 1.2 mg/L in rapid acetylators.
imilarly, AcINH concentrations ranged from 0.1 and 2.2 mg/L in
low acetylators and between 0.1 and 1.2 mg/L in rapid acetylators.

.3. Genetic polymorphism correlation of NAT2—kinetics of INH
etabolism

Table 5 gives the joint proportions of the genotyping and
henotyping results in 77 patients with tuberculosis. The kappa

oefficient, � is 58% between phenotyping using the acetylation
ndex method and genotyping by the PCR method; with two  unde-
ermined genotyping (slow phenotyping) that have not been taken
nto account.

able 4
lasma Isoniazid and Acetylisoniazid concentrations in slow and rapid acetylator TB patie
f  INH.

Slow Acetylators 

3 h (mg/L) 6 h (mg/L) 

Isoniazid 6.79 + 2.70
(2.8–13.10)

3.5 + 2.25
(0.1–9.5)

Acétylisoniazid 1.52 + 0.60
(0.2–3.7)

0.77 + 0.6
(0.1–2.2)
bTwo  cases were not been taken into account because of slow phenotyping and
undetermined genotyping.

4. Discussion

The distribution of TB patients was made according to the index
of acetylation, with 44.3% of rapid acetylators and 55.7% of slow
acetylators. This distribution is similar to that observed in healthy
Senegalese subjects [8]. In South Africa, a similar study in children
with TB gave 39% of slow acetylators and 61% of fast acetylators
[11]. In that study, the author used a dose of 10 mg/kg body weight,
based on international recommendations stating that the child
should receive more drugs for extra precaution and to ensure that a
child with rapid acetylator capacity has an adequate dose of INH to
properly impregnate all the body compartments [12]. In our study,
children under 15 years old were excluded as we consider them
potentially to group differently.

The kinetics of INH metabolism following an oral administration
of 5 mg/kg body weight was  used to calculate the mean concentra-
tions of INH and AcINH after 3 and 6 h of exposure. The optimum
point to calculate the index of acetylation is at 3 h after administra-
tion (T3), as this corresponds to the time at which the ratio of the
metabolite concentration and that of the parent molecule stabilizes
for slow acetylators [13–15]. In this study, we  have not calculated
the values of kinetic parameters (Cmax, Tmax, T0.5, AUC and Cmax)
because of insufficient time-points for this purpose. However, the
study of the mean concentrations in slow acetylators and fast acety-
lators indicates whether the obtained results are located in the zone
of active INH concentrations. However, the study average concen-
trations in slow acetylators and fast acetylators allows us to see if
the concentration of INH obtained based on acetylation profiles is
located in the zone of active INH concentrations.

The decrease in concentration of INH in the blood is not directly
proportional to the increase of the plasma concentration of AcINH.
This is due to the first pass hepatic effect of the drug and its metabo-
lite with a linear index of the activity of the enzyme. This allowed
the use of the AcINH/INH ratio for population classification accord-
ing to the rate of acetylation [16,6]. Thus, several researchers have
used the ratio [AcINH]/[INH] as a parameter of choice for determin-
ing the acetylation phenotype [17–20].

Studies have shown that a concentration of INH between 3
and 5 mg/L is desirable at 2 h after drug administration [22,23,21],
although it has also been suggested that a concentration of

1.5 mg/L at 3 h is an optimum effective amount of drug against
mycobacteria [24–26]. But, these values can be dependent on
the co-administration of combinations with other drugs such as
rifampicin. Indeed, in a multi-drug therapy regime, demonstrated

nts (N = 79) after 3 and 6 h from the administration of a dose (5 mg/kg body weight)

Rapid Acetylators

3 h (mg/L) 6 h (mg/L)

2.37 + 0.6
(1.3–3.5)

1.53 + 0.67
(0.5–3.1)

1.13 + 0.8
(0.2–3.1)

0.41 + 0.32
(0.1–1.2)
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Fig. 1. Representative product i

ifferences in slow and fast phenotypes in INH are more likely to
riginate from an effect of toxicity rather than from a therapeutic
rigin [27,28]. However, in cases of improper drug administra-
ion [29], drug malabsorption [30], or widely spaced intermittent
herapy [31,32], treatment failure may  be well justified in fast
cetylators. Thus, an efficient dose of INH must take into account
he possibility of drug toxicity based on the profile of acetylation of
AT2.

The results obtained in this study show concentrations above

he recommended values at 3 h for both slow and fast acetylators.
t is therefore possible that a dose lower than 5 mg/kg body weight
hould be considered in tuberculosis treatment in Senegal to avoid
oxicity related mainly to the slow metabolizing phenotype.
ss spectra of (a) INH, (b) AcINH.

According to previous studies of TB patients within the liter-
ature, a dose of 3 mg/kg may  be proposed for slow acetylators
versus a dose of 6 mg/kg for fast acetylators; this in order to achieve
bactericidal concentrations of INH and simultaneously avoid cases
of liver toxicity and peripheral neuropathy [33–35]. Hence, a pri-
ori knowledge of the acetylation rate of a patient is important to
administer an appropriate therapy.

In our study, the correlation between genotype and phenotype
through the plasma concentration of INH and the metabolic ratios

at 3 h post-dose, gave a concordance coefficient kappa (�) of 58%;
showing a moderate agreement between the two techniques. This
suggests that the plasma concentrations of INH are:
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either low, due to the increase of acetylation of the drug, and thus
its metabolites, in fast acetylator phenotype;
or there is a discrepancy between the plasma concentration of
INH and the metabolic ratio related to poor drug absorption.

The debate has always been complicated after it became clear
hat there were significant differences between individuals in their
bility to eliminate INH [36,37]. Because of such considerable dif-
erences in response to INH exposure, it is urgent for each country
o conduct a profiling study from its own population, for proper
ollow up to possible therapeutic and toxic consequences linked to
he use of certain drugs or combinations of drugs. We  have demon-
trated that an acetylation profile allows an optimized treatment
f TB with a net reduction of the INH toxicity.
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