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Abstract Rifampicin pharmacokinetics was evaluated in patients with newly diagnosed, untreated pulmonary 
tuberculosis after a single oral dose of 300 mg rifampicin. Pharmacokinetic data in healthy volunteers were measured 
after oral administration of a single-dose, 2x150 mg tablets, in a randomized, two-treatments, two-periods, 
two-sequences cross-over bioequivalence study. Both experiments were performed in fasting conditions.  

Within 24 hours after drug administration, 11 blood samples were collected and analysed by a validated HPLC 
method. 

Non-compartmental analysis and compartmental modelling were performed by means of Kinetica software, 
version 3.1. Comparisons of the performances of compartmental models were established using Akaike and Schwarz 
criteria. Significance of differences between values of criteria was tested using F-test. Since the two compared 
formulations (reference and tested drug) proved to be bioequivalent in healthy subjects, pooling both sets of individual 
curves in a single “healthy subjects” set was considered justified.  

Curves corresponding to patients were uniformly distributed within a wide concentration range, proving a 
significant inter-subject variability. Visual examination of the set of revealed a division into two clusters, one with 
maximum concentrations between 0.5 μg/ml and 1 μg/ml and another with maximum concentrations in the 2 μg/ml – 
5 μg/ml range. Curves corresponding to healthy subjects appeared to be approximately normally distributed with a tail 
toward high concentrations. 

Comparison of pharmacokinetic parameters revealed a series of significant differences between healthy subjects 
and patients. Cmax and areas under curve remained less than half for patients in comparison with healthy subjects.  

Pharmacokinetic model which described the evolution of plasma levels of both healthy subjects and patients 
was the monocompartmental one. Fitting of the experimental data by means of the selected model appeared to be very 
good for healthy subjects. In the case of tuberculosis patients, fitting failed to describe the final part of the 
concentration-time curve, the elimination being slower than predicted by the model.  

Examination of mean curves allowed a more refined analysis of the differences between plasma level curves of 
patients and healthy subjects. Final parts of mean curves (12 h – 24 h) for healthy subjects and patients were practically 
superposed. Differences appeared in the time interval from Tmax and 12 hours, following differences in distribution 
and metabolization phases. In conclusion suggests the necessity of increasing doses at the beginning of treatment, until 
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Introduction 

Rifampicin (RIF) is an essential component of first-
line tuberculosis (TB) pharmacotherapy (BRAYFIELD, 
2017). Its antimycobacterial utility against Mycobacterium 
tuberculosis infections is characterized by high sterilizing 
activity (i.e., high ability to eliminate semi dormant or 
persisting organisms in TB lesions). In addition, it prevents 
the emergence of resistance to its associated drugs. 

High variability of therapeutic effect for RIF 
represents an important problem in therapy, with a lot of 
effects on both therapeutic outcome and associated cost  
of health insurance (RAFIQ, 2010; RAMAKRISHNAN, 
2008; SUDFELD, 2013).  

Clinical pharmacokinetic of RIF is largely analysed in 
the literature (MEDELLÍN-GARIBAY, 2015; MILAN-
SEGOVIA, 2010; PÄHKLA, 1999; ZWOLSKA, 2002). 
RIF is metabolized mainly in the liver by various 
cytochrome-P450 (CYP) enzymes (GLAESER, 2005), and 
presents a low hepatic clearance and a bioavailability  
of 93-95% (AGRAWAL, 2005; SVENSSON, 2018). 

Peak serum levels are attained within 2-4 hours and 
vary widely from individual to individual (REQUENA-
MENDEZ, 2019). After a single oral dose of 600 mg, the 

peak level averages 7 g/mL but may vary from 4 to  

32 g/mL (SEIJGER, 2019). Concomitant intake of food 
alters the rate and extent of absorption (PANCHAGNULA, 
2003; PELOQUIN, 1999; ZENT, 1995).  

RIF is about 85% protein bound (ABULFATHI, 
2019), mostly to albumin. It is distributed into most body 
tissues and fluids including lungs, liver, bone, saliva,  
and peritoneal and pleural fluids. It penetrates inflamed 
meninges, crosses the placenta and is distributed into breast 
milk (STOTT, 2018). The drug is extensively metabo-
lized in the liver to an active metabolite, 25-desacetyl-
rifampicin, via deacetylation. The parent compound and its 
metabolite are primarily excreted (60%) in feces via biliary 
elimination. Up to 30% of a dose is excreted in urine 
(SENG, 2015). The parent drug undergoes enterohepatic 
circulation with significant reabsorption. During this 
process, RIF undergoes progressive deacetylation. 

Lower levels of RIF were obtained in patients after 
repeated dose administration, due to autoinduction of 
metabolism (MCILLERON, 2006). 

The elimination half-life has been reported to range 
initially from 3-5 hours, but decreases with prolonged use 
due to increased biliary excretion resulting in half-lives of 
about 2 to 3 hours. About 60% of the dose is eliminated 
trough in the faeces. The antibiotic shows dose-dependent 
elimination kinetics. At higher doses, when the biliary route 
is saturated, the proportion of the dose excreted in the urine 
and the elimination half-life increases (ELLARD, 1999; 
SVENSSON, 2018). With dose of the order of 450 mg and 
higher, the excretory capacity of the liver for the antibiotic 
is saturated. As a consequence, increasing the dose of 
antibiotic results in a more than proportional increase in 
serum concentrations (PARGAL, 2001). 

Coefficient of variation of 43% for volume of 
distribution was demonstrated (WILKINS, 2008), whereas 
inter-occasional variability for serum clearance was 23% 
and mean transit time during absorption was 68%.  

The aim of this paper was to compare and investigate 
possible differences in pharmacokinetics of RIF after 
oral administration in newly diagnosed patients with 
tuberculosis and healthy subjects. 

 

Materials and Methods 

Study design. Rifampicin pharmacokinetics in TB 

patients was studied after administration of a single-dose  

of 300 mg of RIF, under fasting conditions, to 6 newly 

diagnosed and untreated pulmonary TB patients. 

Venous blood samples (approximately 10 mL) were 

collected through a catheter inserted in an antecubital vein, 

pre-dose (0 hours) and at 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0, 

8.0, 12.0, 18.0 and 21.0 hours after the drug administration. 

The diagnosis of pulmonary TB was based on clinical 

symptoms and chest X-ray examination and confirmed by 

microscopic detection of acid-fast bacilli. 

RIF pharmacokinetics in healthy volunteers was 

studied after a single-dose administration, randomized, 

two-treatments, two-periods, two-sequence cross-over 

bioequivalence trial comparing equal doses (300 mg)  

of test and reference products, as previously described 

(MARCHIDANU, 2013). 

The studies were conducted according to the princi-

ples of Declaration of Helsinki (1964) and its amendments 

and Good Clinical Practice (GCP) rules. The clinical 

protocols were reviewed and approved by an independent 

Ethics Committee and by the National Medicine Agency. 

All volunteers gave their written informed consent prior  

to inclusion in study. 

Plasma levels of RIF were determined by using a 

validated HPLC method (FDA, 2001), with UV detection 

at 331 nm. 

Pharmacokinetic analysis. Pharmacokinetic analysis 

was performed using both compartmental and non-

compartmental methods. Estimation of pharmacokinetic 

parameters was performed using subroutines of the 

KINETICA 3.1 software (Innaphase Corp, Philadelphia, 

PA, USA). Pharmacokinetic parameters were determined 

directly from plasma levels or by interpolation/ integration 

of theoretical models.  

Compartmental analysis was performed using 

TOPFIT 2.0 software (Thomae GmbH, Germany). For 

hierarchisation of models’ fitting performances, the Akaike 

and Schwarz criteria (both based on the sum of squared 

“errors” (SS) corrected by a “penalty” function propor-

tional to the number of parameters p in the model 

(SANDULOVICI, 2009):  

AIC = NlnSS + 2p; 

SC = N lnSS + p lnN,  

where N is the number of points, in conjunction with 

phenomenological criteria. Significance of differences 

between values of criteria was tested using F-test. 
 

Results 

Comparison of populations of individual curves. 
Figure 1 shows individual plasma levels for healthy 

volunteers and patients. 
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Figure 1. The individual pharmacokinetic profiles for RIF, after oral administration to TB patients  

(A, dose=300 mg, n=12 subjects) and healthy volunteers (B, dose=300 mg, n=54 subjects). 
 

 

In almost all cases, both for healthy volunteers and 

patients, maximum concentrations were above 1 μg/ml, which 

is considered threshold value for the appearance of thera-

peutic effect. But this level is maintained less than three 

hours and some curves are situated entirely under this value.  

Curves corresponding to patients were distributed 

within a wide concentration range, proving a great inter-

variability. A division into two clusters, one with maximum 

concentrations between 0.5 μg/ml and 1 μg/ml and another 

with maximum concentrations in the 2 μg/ml – 5 μg/ml 

range is a possible interpretation. Population of curves of 

healthy volunteers suggests a division into three clusters.  

Non-compartmental analysis of the two formulations 

(reference R and tested drug T) in the case of healthy 

volunteers (Figure 2) led to an approximately normal 

distribution of the pharmacokinetic parameters area under 

curve (AUC) and Cmax, with a “tailing” trend towards 

greater values. Distributions were similar for the two 

treatments. Since additionally, the products were bioequi-

valent, it was considered justified to pool the both sets of 

individual curves in a single “healthy volunteers” set. 54 

pharmacokinetic curves were obtained, a sufficient number 

to reliable estimate the range and variability of population 

of plasma levels in healthy subjects. 
 

 

 

Figure 2. Distributions of pharmacokinetic parameters of reference and tested drugs, a. Cmax , b. AUCtot 
 

 

Comparison of estimated pharmacokinetic para-

meters of healthy volunteers and patients 
Distribution of the main pharmacokinetic parameters 

AUCtot and Cmax for healthy volunteers, obtained by non-

compartmental analysis (pooled R and T) are presented in 

Figure 3 (B). If maximum concentrations (Cmax) appears  

to be approximately normally distributed, in case of 

exposure (AUCtot) distribution is asymmetric, with a tail  

in the upper value range, as was suggested by examination 

of the curves. 
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Figure 3. Frequency distribution pattern of AUCtot and Cmax for RIF after oral administration to TB patients (A)  

and healthy volunteers (B). 
 

 

In case of frequency distribution pattern of AUCtot  

for TB patients (Figure 3A, applying criteria for defining 

an outlier (MIRCIOIU, 2010) in AUC population, one 

subject appeared to be outlier (an AUCtot double than the 

next value). Data concerning Cmax are asymmetric, with  

a long tail toward high values.  

 

Comparison of mean plasma level curves 

Examination of mean curves confirms the global 

analysis made on individual curves: bioavailability of RIF 

in TB patients is less than half of that in healthy subjects 

(Figure 4).  

 

 

 

Figure 4. Mean plasma levels of RIF after oral administration to healthy volunteers (n=54)  

and TB patients (n=12).  
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Compartmental analysis. In order for a more  

in-depth exploration of the pattern of these differences, an 

analysis of data using compartmental models was under-

taken. The pharmacokinetic model that better described 

the evolution of plasma levels of both healthy subjects 

and patients was the monocompartmental one. Fitting 

appeared to be very good in case of healthy subjects 

(Figure 5). In case of the patients, fitting failed in the final 

part of curve, the elimination being slower than predicted 

by model. 

 

 

Figure 5. Compartmental analysis of RIF pharmacokinetics after oral administration to TB patients. 
 
 

Application of mathematical information Akaike 

and Schwarz criteria indicated the monocompartmental 

model as being more performant than the bicompartmental 

one. In fact, this implies that improving the fitting by 

increasing the number of parameters is countered  

by a decrease of the stability in the parameters associated 

to models. Decreasing of the sum of errors towards the 

predicted curve was too low after increasing the number  

of compartments to justify the acceptance of the bicom-

partmental model. 

Mean values and their standard deviations for all 

pharmacokinetics parameters are shown in Table 1. 
 

 

Table 1. Pharmacokinetic parameters of RIF after oral administration to TB patients (n=12)  

and healthy volunteers (n=54) 

Parameter 
Healthy volunteers TB patients 

Mean Stdev %CV Mean Stdev %CV 

Cmax (μg/ml) 5.85 2.71 46.27 1.78 1.41 79.37 

AUC0-24 (μg/ml*h) 26.21 10.70 40.81 6.90 5.42 78.56 

AUCtot (μg/ml*h) 27.43 11.44 41.69 7.73 5.24 67.87 

Tmax (h) 1.94 1.03 53.13 2.00 0.60 30.15 

thalf (h) 2.23 0.62 27.57 5.42 3.86 50.87 

Ke (h-1) 0.34 0.11 32.31 0.12 0.06 53.18 

Clearance (l/h) 13.78 12.36 89.68 26.80 15.27 56.97 

 

 

 

Discussions 

High variability of the pharmacokinetics in patients 

seems to be the rule in the case of main tuberculo-

static drugs. For example, it was reported that plasma 

concentration-time profiles not only for RIF, but also for 

Isoniazid, Pyrazinamide, and Ethambutol in 142 patients 

with drug-sensitive pulmonary tuberculosis after 2 months 

of daily treatment in hospital were highly variable 

(MCILLERON, 2006).  
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In the case of patients with both tuberculosis and 

diabetes appears a supplementary factor contributing to 

variability – the weight of patients (NIEMI, 2000). Some 

studies have shown the effect of body weight (ZVADA, 

2014). The reduced exposure to RIF of diabetic patients in 

the continuation phase may be due to increased body 

weight and possible differences in hepatic induction. These 

conclusions are most probable applicable in comparison 

healthy volunteers and tuberculosis patients: a decrease  

of plasma levels following an increase of body weight 

(WILKINS, 2008). 

Physiopathological conditions and genetic poly-

morphism are other factors of variability. Patients with 

mild or moderate renal failure (creatinine clearance: 

10.1-50.0 ml/min) and patients with severe renal failure 

(creatinine clearance <10.0 ml/min) were compared with 

healthy subjects (SOUSA, 2008). The renal excretion of 

Isoniazid, Acetyl isoniazid, RIF and Desacetyl-rifampicin 

was severely inhibited in patients with renal failure. Plasma 

RIF and Isoniazid concentrations in rapid acetylators were 

similar in healthy subjects and both the groups of patients. 

Low RIF bioavailability was attributed to several 

factors including malabsorption, increased hepatic clear-

ance due to autoinduction, enhanced intestinal metabolism 

and drug interactions (AGRAWAL, 2005; GRANGE, 

1994; LOOS, 1985). 

In patients with multidrug-resistant tuberculosis 

(MDR-TB), drug susceptible tuberculosis (DS-TB), and 

healthy volunteers, peak serum concentrations of RIF were 

significantly lower in MDR-TB and DS-TB as compared 

with healthy volunteers (BARROSO, 2009).  

A comparison of mean pharmacokinetic parameters 

measuring exposure (area under the concentration-time 

curve of the drug in plasma from 0 to 6 h post dose) and 

the mean peak concentration in plasma (Cmax) of RIF  

in tuberculosis with and without type 2 diabetes put in 

evidence that these parameters were 2-fold lower  

in patients with diabetes than in those without diabetes 

(NIJLAND, 2006). 
Comparison of RIF exposure after oral and intra-

venous administration showed that no differences in the 
areas AUC curves of the drugs in plasma from 0 to 24 h 
post dose (AUC0–24), the maximum concentrations of the 
drugs in plasma (Cmax), the time to maximum concentration 
(Tmax), and the half-live of RIF, pyrazinamide, and 
ethambutol were found between diabetic and nondiabetic 
tuberculosis patients in the intensive phase of tuberculosis 
treatment (RUSLAMI, 2010).  

In conclusion, the variability of the pharmacokinetics 
in patients, much greater than that of healthy volunteers 
observed in our study is more or less an expected result. 
Since patients were newly diagnosed and immediately 
treated with RIF, it is most probable that an associated  
co-morbidity, more or less evident, to be present.  

It is also to underline that data in literature concerns 

pharmacokinetics after repeated doses, when additional 

modification appears in time for both healthy subjects 

and patients.  

Partition into two clusters of the population of plasma 

level curves of patients could be the consequence of 

partition in patients with only TB and patients with TB and 

other diseases which influence the pharmacokinetics of RIF 

even from the beginning of treatment.  

Examination of mean curves suggests a more refi-

nement analysis for differences between pharmacokinetics 

of healthy subjects and patients. Final parts of mean 

curves (12 h – 24 h) for healthy subjects and patients are 

practically superposed. Differences appeared in the time 

interval from Tmax and 12 hours, following a superposition 

of a distribution and an elimination process. In the same 

time, the metabolism is expected to be more extensive in 

the intermediary phase that in the final one.  

All these results suggest the necessity of increasing 

the doses of RIF, at least at the beginning of treatment. 

Administration of sub-therapeutic doses in tuberculosis 

may contribute towards the development of drug resistance 

(DENHOLM, 2010). A recent review and meta-analysis, 

based on almost all studies published before 2018, 

concludes this for entire treatment interval (STOTT, 2018).  

Compartmental analysis. When applying compart-

mental mathematical modelling, we somewhat unexpectedly 

obtained that the monocompartmental model fits well 

enough the experimental data. Since RIF has a high 

partition coefficient (logP=2,7) (VARMA, 2012) its distri-

bution in lipid compartment and its metabolism have to be 

significant. But, as was previously found (MARCHIDANU, 

2013) concentration of metabolite in plasma is much 

smaller than that of RIF. This not a singular case when 

mathematical and statistical criteria lead to different models 

that those expected based on physicochemical and 

physiological criteria (SANDULOVICI, 2009). Choice 

and validation of theoretical models have to be the result  

of both type of analysis (PRASACU, 2009). More difficult 

is the interpretation of differences between intensive 

parameters: half-time (thalf) and distribution volume.  

But beyond explanations remain the possibility of 

predicting pharmacokinetics, using the simplest model, 

both in case of healthy subjects and patients.  

Low power studies. It is important to underline that 

conclusions in case of patients, following the small number 

of individual pharmacokinetic profiles are not certitudes. 

The problem of the adequate size is disputed in literature 

but it is to underlined that it is worthy to publish small 

size clinical trials since the ulterior metanalysis can pool  

all together and better valuate the individual results 

(MANOLACHE, 2017). 
 

Conclusions 

1. Variability of pharmacokinetics of RIF was high both 

in patients and healthy subjects the distribution of 

curves in patients being less homogenous than in 

healthy subjects.  

2. Mean concentration and area under curves in patients 

were smaller that in healthy volunteers but the 

phenomenon seems to be more complex since there 

were also healthy subjects with lower concentrations 

than levels in almost patients.  

3. Practically in al cases maximum concentrations of 

patients were above 1 μg/ml, the minimum therapeutic 
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level. But this level was maintained less than three 

hours which suggests the necessity of increasing first 

administered doses, until a loading of compartments 

and saturation of elimination processes. 

4. Compartmental analysis indicated a very simple 

monocompartmental model for evolution of plasma 

levels in practically all cases. Models failed in fitting 

well the tail concentrations. Increasing the number  

of compartments couldn’t solve these problems.  

5. Pharmacokinetics of RIF is influenced by absorption, 

metabolism and renal elimination. Consequently, asso-

ciated diseases affecting liver and renal functions have 

to significantly modify plasma profiles. Further studies 

are needed to verify the findings in case of patients 

with different associated diseases. 
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