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Role of drug metabolic enzymes and transporters in drug-drug 

interactions between antiretroviral and antituberculosis drugs 

 

 

 

 

INTRODUCTION 

To date, it is very common to alteration of drug’s clinical 

response in multiple drug regimen by another drug is 

defined as a drug-drug interactions (DDI). The alterations 

of response may result from the change in drug 

disposition  which is believed to cause by induction or 

inhibition of transporters or metabolic enzymes and drug 

transporters play role in drug absorption, distribution, 

metabolism and excretion (ADME), those DDIs are 

known for pharmacokinetic interactions [1]. Drug 

transporters belonging to two major super-families of 

membrane-associated proteins, the solute carriers (SLCs), 

which primarily function as a cellular drug influx 

mechanism, and the ATP-binding cassette (ABC) 

transporters which in contrast, efflux drugs/ compounds 

from cellular targets, are known to play a vital role in 

overall drug disposition (i.e., drug distribution to target 

tissues/cells and drug clearance from the liver and 

kidney). These transporters are also thought to be 

contributor in pharmacokinetic drug-drug interactions, 

clinical response  as well as toxicity [2][3]. On the other 
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hand, drug metabolizing enzymes comprising of the 

Phase I oxidative enzymes (cytochrome-P-450s, CYPs) 

and the conjugation Phase II enzymes (sulfotransferases, 

glucuronyl transferases, N-acetyltransferases and 

glutathione-S-transferases), are key players in exogenous/ 

endogenous compound and drug metabolism, and are 

differentially expressed in various mammalian tissues. 

The pharmacokinetic DDIs are responsible for 

approximately 20-30% of the adverse drug reactions in 

general population, they also account for about 10% of 

the cases under emergency department and contribute 3-

5% of the medication errors in-patients [4][5]. Since the 

drug pharmacokinetics can be significantly altered by 

both transporters and enzyme mediated DDIs, it can 

potentially affect to the therapeutic efficacy or toxicity of 

a drug [6]. Generally, DDIs based on metabolism are due 

to induction and/or inhibition of metabolic enzymes 

(CYP450s or UGTs), are considered as most prominent 

cause [7]. Based on the therapeutic and toxic effects of 

both the parent drug and its metabolites, the clinical 

consequences depends on the CYP450 enzyme induction 

or inhibition and this may be particularly significant to 

those drugs has narrow therapeutic window because 

DDIs based on metabolism may cause changes in the 

concentration of drug up to 10 fold whose 

biotransformation is induced or inhibited [8]. To date, 

drug-metabolizing enzymes mediated DDIs have been 

extensively studied in vitro as well as in vivo, emerging 

understanding has led to uptake and efflux transporters 

being recognized as a significant determinant of drug 

disposition that may cause significant DDIs. Passive 

diffusion through the membrane has been viewed as 

dominant in the disposition of most drugs, but it is now 

well recognized that carrier-mediated transport plays a 

vital role [9].  

Acquired Immunodeficiency syndrome (AIDS) caused by 

Human Immunodeficiency Virus 1 (HIV-1) is considered 

as a major public health issue globally. In 2016, an 

estimated 1.2 million people died of AIDS-related illness 

out of 36.7 million people affected with this disease 

worldwide [10]. Although, the combination of 

antiretroviral therapy (cART) has effectively decreased 

HIV-1 related mortality and morbidity, some 

opportunistic infections are increasingly common and 

causing death of HIV patients. For example, tuberculosis 

(TB) is one of the leading opportunistic infections and 

cause of death in HIV patients. According to World 

Health Organization, an estimated 1.2 million patients 

were diagnosed with HIV/TB coinfection in 2015, and 

approximately 400,000 coinfected individuals were died 

in 2016 (World Health Organization, 2015, 2016b). In 

Europe, HIV/TB coinfection increased by 40% over the 

last 5 years [12]. Overall, the risk of developing TB is 

reported to be 26–31 times higher in HIV-infected 

compared to HIV non-infected persons [13]. Similarly, 

the most common adverse events such as psychiatric 

disorders (i.e., depression and anxiety) are found in HIV 

infected patients than non-infected. The prevalence of 

depression and anxiety were reported to be 22-50% and 

2-40%, respectively in HIV infected individuals globally 

[14-15], whereas  serious mental illness (SMI) in HIV 

infected individuals was estimated to be between 3%  to 

23%, a 10 fold higher occurrence than in the healthy 

population in United States (0.4%) [16-18].  

The concurrent use of antiretroviral (ARV) and 

antituberculosis (anti-TB) drugs have significantly 

reduced the mortality rate of HIV/TB patients [19]. 

However, the use of multiple drug regimens in a 

combination are known to produce drug–drug 

interactions and overlapping toxicities which are the most 

challenging aspects of managing both diseases. 

According to recent guidelines, at least one ARV regimen 

from the integrase strand transfer inhibitors (INSTIs) 

class (Douletegravir/Elvitegravir/Raltegravir) and two 

from the nucleotide reverse transcriptase inhibitors 

(NRTIs) class 

(abacavir/lamivudine/tenofovir/emtricitabine) are 

recommended as a first line therapy for HIV infection 

(Table 1) [20]. In addition protease inhibitors (PIs) 

(Ritonavir/Atazanavir) are recommended as a boosting 

therapy depending on treatment outcomes [20]. Whereas, 

a combined regimen of rifampicin, isoniazid, ethambutol 

and pyrazinamide are recommended as a first line therapy 

for tuberculosis (TB) in the world [10]. HIV-infected 

individuals are often suffered with opportunistic 

infections, and are likely to be prescribed with multiple 

medications to manage complex medical conditions in 

addition to their ART regimens, making them vulnerable 

to the effects of potential and serious drug-drug 

interactions, caused by alteration in drug transport and 

metabolism affecting pharmacokinetic/pharmacodynamic 

(PK/PD) properties.  

Table 1:  Recommended antiretroviral regimen for initial 

therapy.   

Recommended regimen for HIV treatment 

INSTI + 2 NRTIs:  

-DTG/ABC/3TC or FTC (AI)—if HLA-B*5701 negative  

-DTG + tenofovir/FTC or 3TC (AI for both TAF/FTC and TDF/FTC)  

-EVG/c/tenofovir/FTC (AI for both TAF/FTC and TDF/FTC)  

-RAL + tenofovir/FTC or 3TC (AI for TDF/FTC, AII for TAF/FTC) 

Abbreviations: 3TC, lamivudine; ABC, abacavir; DTG, dolutegravir; EVG, 
elvitegravir; EVG/c,  elvitegravir/cobicistat; FTC, emtricitabine; HLA, human 

leukocyte antigen; INSTI, integrase strand transfer inhibitor; NRTI, nucleoside 

reverse transcriptase inhibitor; RAL, raltegravir; RPV, rilpivirine; TAF, 
tenofovir alafenamide; TDF, tenofovir disoproxil fumarate. 
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Drug Metabolizing Enzymes (DMEs)  

Drug-metabolizing reactions are mainly classified into 

phase I and phase II metabolism. Briefly, phase I 

reactions involve oxidation, reduction or hydrolysis of 

the drug, and are primarily mediated by the cytochrome 

P450 (CYP450) family of enzymes. Phase II reactions 

involve covalently binding of an endogenous compound, 

most often glucuronide acid, glutathione or sulphate, to 

the phase I metabolite. For example, phase II enzymes 

are uridine diphosphoglucuronosyl transferases (UGTs) 

and glutathione-S-transferases (GSTs). The phase II 

conjugation produces a more polar metabolite and 

promotes excretion of the drug from the tissue, normally 

via efflux transporters. The CYP450 enzymes responsible 

for metabolism of xenobiotics are primarily expressed in 

the liver and intestines, and to less extend in the lung, 

kidney and central nervous system. CYP450 enzymes are 

generally located in the endoplasmic reticulum of cells 

where they carry out the nicotinamide adenine 

dinucleotide phosphate-oxidase (NADPH)-dependent 

oxidation of a diversity of substrates. The superfamily of 

CYP450 enzymes comprises 57 genes which have been 

organized into families (denoted by the first identification 

number, e.g. CYP3) and subfamilies (denoted by letters, 

e.g. CYP3A) [21]. The individual isoenzymes within 

each subfamily are further denoted by numbers, e.g. 

CYP3A4. CYP450 enzymes are in general promiscuous 

in their capacity to bind and metabolite substrates, and 

thus, there is significant overlapping substrate specificity 

among CYP enzymes. At present, among the human 

CYP450 isoenzymes, CYP1A1, CYP1A2, CYP2B6, 

CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A4 and 

CYP3A5 are considered of particular importance in drug 

metabolism (Table 2) [22]. To date, it is hypothesized 

that the biotransformation of approximately 40-50% of 

all xenobiotic drugs on the market are caused by CYP3A-

mediated oxidation [23]. For the majority of individuals, 

the human CYP3A isoform CYP3A4 are the most 

abundant CYP enzyme expressed in the liver and 

intestine, and considered as the major drug-metabolizing 

enzyme in human [24]
,
[25]. 

Table 2. Major Drug Metabolizing Human 

CytochromeP450 Enzymes in Human 

CYP1- CYP2- CYP3- CYP4- 

CYP1A1 

CYP2A1 

CYP1B1 

CYP2A1, CYP2A6 

CYP2B6, CYP2C8 

CYP2C9, CYP2C18 

CYP2C19, CYP2D6 

CYP2E1, CYP2F1 

CYP3A4 

CYP3A5 

CYP3A7 

CYP4A11 

CYP4F1 

CYP4F11 

CYP4V6 

 

Drug Transporters (DTs)  

At present drug transporters are mainly classified into 

two major gene superfamily, the solute carrier (SLC) 

superfamily and the ATP-binding cassette (ABC) 

superfamily [9]. The members of the SLC superfamily 

are facilitated transporters or ion-coupled secondary 

transporters, frequently associated with uptake of 

compounds from the blood into tissues or organs such as 

the liver and kidney, or in the absorption from the 

gastrointestinal tract into the systemic circulation [26]. 

The SLC superfamily include 48 subfamilies of which 

the most investigated are the organic anion transporting 

polypeptides (OATPs, SLCO), the organic cation 

transporters (OCTs) and organic anion transporters 

(OATs), as well as the more recently identified multidrug 

and toxin extrusion (MATE, SLC47A) family which is 

involved in drug excretion from the kidney and liver 

(Table 3) [27]. 

Table 3. Major ADMET Drug Transporters in Human 

ATP-binding Cassette (ABC) Family 

ABCB1: Multidrug resistance protein 1 (MDR1, P-gp)  

ABCB11: Bile salt export pump (BSEP)  

ABCC1: Multidrug resistance protein 1 (MRP1)  

ABCC2: Multidrug resistance protein 2 (MRP2, cMOAT)  

ABCC3: Multidrug resistance protein 3 (MRP3)  

ABCC4: Multidrug resistance protein 4 (MRP4)  

ABCC5: Multidrug resistance protein 5 (MRP5)  

ABCC6: Multidrug resistance protein 6 (MRP6)  

ABCG2: Brest cancer resistance protein (BCRP, MXR) 

Solute Carrier (SLC) Family 

SLC10A1: Na+-taurocholate co-transporting polypeptide (NTCP) 

SLC10A2: apical sodium–bile acid transporter (ASBT, SBAT2)  

SLC15A1: Peptide transporter 1 (PEPT1)  

SLC15A2: Peptide transporter 2 (PEPT2)  

SLC22A1: Organic cation transporter 1 (OCT1)  

SLC22A2: Organic cation transporter 2 (OCT2)  

SLC22A3: Organic cation transporter 3 (OCT3)  

SLC22A4: organic cation transporter, novel, type 1 (OCTN1)  

SLC22A5: organic cation transporter, novel, type 2 (OCTN2)  

SLC22A6: Organic anion transporter 1 (OAT1)  

SLC22A7: Organic anion transporter 2 (OAT2)  

SLC22A8: Organic anion transporter 3 (OAT3)  

SLC22A11: Organic anion transporter 4 (OAT4)  

SLC22A12: Urate transporter 1 (URAT1)  

SLC47A1: Multidrug and toxin extrusion protein 1 (MATE1)  

SLC47A2: Multidrug and toxin extrusion protein 2K (MATE2K)  

SLCO1A2: Organic anion transporter polypeptide 1A2 (OATP1A2, OATP-

A)  

SLCO1B1: Organic anion transporter polypeptide 1B1 (OATP1B1, OATP-

C, OATP2, LST-1)  

SLCO1B3: Organic anion transporter polypeptide 1B3 (OATP1B3, 

OATP8)  

SLCO2B1: Organic anion transporter polypeptide 2B1 (OATP2B1, OATP-

B) 

http://transportal.compbio.ucsf.edu/transporters/ABCB11/
http://transportal.compbio.ucsf.edu/transporters/ABCC1/
http://transportal.compbio.ucsf.edu/transporters/ABCC2/
http://transportal.compbio.ucsf.edu/transporters/ABCC3/
http://transportal.compbio.ucsf.edu/transporters/ABCC4/
http://transportal.compbio.ucsf.edu/transporters/ABCC5/
http://transportal.compbio.ucsf.edu/transporters/ABCC6/
http://transportal.compbio.ucsf.edu/transporters/ABCG2/
http://transportal.compbio.ucsf.edu/transporters/SLC10A1/
http://transportal.compbio.ucsf.edu/transporters/SLC10A2/
http://transportal.compbio.ucsf.edu/transporters/SLC15A1/
http://transportal.compbio.ucsf.edu/transporters/SLC15A2/
http://transportal.compbio.ucsf.edu/transporters/SLC22A1/
http://transportal.compbio.ucsf.edu/transporters/SLC22A2/
http://transportal.compbio.ucsf.edu/transporters/SLC22A3/
http://transportal.compbio.ucsf.edu/transporters/SLC22A4/
http://transportal.compbio.ucsf.edu/transporters/SLC22A5/
http://transportal.compbio.ucsf.edu/transporters/SLC22A6/
http://transportal.compbio.ucsf.edu/transporters/SLC22A7/
http://transportal.compbio.ucsf.edu/transporters/SLC22A8/
http://transportal.compbio.ucsf.edu/transporters/SLC22A11/
http://transportal.compbio.ucsf.edu/transporters/SLC22A12/
http://transportal.compbio.ucsf.edu/transporters/SLC47A1/
http://transportal.compbio.ucsf.edu/transporters/SLC47A2/
http://transportal.compbio.ucsf.edu/transporters/SLCO1A2/
http://transportal.compbio.ucsf.edu/transporters/SLCO1B1/
http://transportal.compbio.ucsf.edu/transporters/SLCO1B3/
http://transportal.compbio.ucsf.edu/transporters/SLCO2B1/
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Interactions of ARVs and/ or Anti-TB Drugs with 

Membrane Transporters and Metabolic Enzymes 

Several first line ARV therapy drugs, such as integrase 

strand transfer inhibitors (INSTIs) (raltegravir, 

dolutegravir and elvitegravir), nucleoside reverse 

transcriptase inhibitors (NRTIs)  (lamivudine, abacavir, 

tenofovir, emtricitabine) and protease inhibitors (PIs) 

(atazanavir, ritonavir) are substrates of ABC efflux 

transporters such as P-glycoprotein (P-gp); multidrug 

resistance proteins (MRPs) and/or breast cancer 

resistance protein (BCRP), and thus could potentially 

interfere with the ABC transporter function of effluxing 

drugs from their cellular targets. In addition, metabolic 

enzymes such as members of the CYP450 family (e.g., 

CYP3A4) and UDP-Glucuronosyl transferase family (e.g., 

UGT1A1) can also contribute to an extensive 

intracellular degradation of several ARVs, particularly 

protease inhibitors and integrase strand transfer inhibitors 

[28]. Together, these effects can significantly contribute 

to poor tissue and intracellular ARVs concentrations [29].  

Recently, this has been clearly demonstrated the 

atazanavir disposition is significantly involved with 

transporters in a P-gp/BCRP knockout mouse [30]. In 

particular, significantly higher atazanavir brain and 

testicular tissue concentrations was found among the P-

gp knockout compared to the wild type mice suggesting 

that the efflux transporters localized at the blood-brain 

barrier and blood-testicular barrier are important 

determinants of this HIV protease inhibitor tissue 

distribution [30]. In addition, several anti-TB drugs are 

known to be substrates and potent modulators of drug 

transporters (influx and efflux) and metabolic enzymes 

(both phase I and II enzymes), and are implicated in 

many clinical drug- interactions [31-33]. For example, 

among the first line anti-TB drug regimen, rifampicin is 

known as a substrate, inducer and inhibitor of liver 

enzymes (CYP450s & UGTs), and P-gp, OATPs 

(OATP1B1, -1B3) and implicated in the reduction of 

many concomitant drugs (statins) [31]
,
[34]

,
[35]

,
[36]. 

Similarly, ethambutol is another first line anti-TB drug 

undergoes non-cyp450 mediated metabolism and 

substrate/inhibitor of multiple OCT transporters 

[37]
,
[38]

,
[39].  

 

Complexities of Drug-Drug Interactions Involving 

Anti-HIV and Anti-TB/Psychotic Drugs 

The combination of HIV and TB often is referred to as a 

syndemic, where two or more diseases interact in a 

synergistic fashion,  and leads to an overall increased 

burden of both diseases [40]. One associated factor for 

such occurrence could the use of multiple drug regimens 

for the treatment of HIV co-infection with TB, and the 

overlapping drug-drug interactions (DDI) involving drug 

transport and metabolism, which may result in toxic 

and/or sub-therapeutic drug levels leading to therapy 

change or treatment failure. Several DDIs involving anti-

HIV and anti-TB drugs have been reported previously. 

For example, in healthy volunteers raltegravir AUC was 

increased by 77% when coadministered with rifapentine 

and this DDIs was poorly understood [41]. On the other 

hand, rifampin (rifampicin analogue) decreased 

raltegravir concentration by up to 60% among healthy 

subjects [42]. It is known that, raltegravir primary 

metabolize by UGT1A1 and actively transported by P-gp 

and BCRP could play role in this DDIs. Another 

integrase inhibitor, Dolutegravir is primarily metabolized 

by UGT1A1 and CYP3A4 (lesser extent) [43] and also a 

potent inhibitor of OCT2 as well as substrate of P-gp and 

BCRP [44]. In a phase-1 clinical study, rifampin was 

reported to decrease dolutegravir AUC approximately 

54% whereas rifabutin  showed no significant effect on 

dolutegravir pharmacokinetics [45]. However, 

dolutegravir is a potent inhibitor of organic cation 

transporter 2 (OCT2) and multidrug and toxic compound 

extrusion (MATE) transporters, and metformin is 

transported by OCTs transporter for disposition. As a 

result, metformin higher plasma concentration was found 

when coadministered with dolutegravir among healthy 

subjects. Regarding the first line therapy ARV drugs, 

particularly NRTI that has been studied with raltegravir is 

the tenofovir. In a study among healthy subjects, the 

plasma concentrations of raltegravir was increased by 

49% due to a yet unexplained mechanism which needs 

further investigation to understand the exact mechanism 

of this clinical interactions [46]. In another study, 

raltegravir concentrations was reported to increase by 

72% when combinedly administered with atazanavir in 

healthy subjects [47]. Similarly, dolutegravir AUC was 

increased approximately 91% and 62% (when boosted 

with ritonavir) by atazanavir in healthy subjects [43]. 

Whereas, atazanavir is known to inhibit UGT1A1 

enzyme, P-gp and BCRP efflux transporters [48] 

responsible for metabolism and transport of raltegravir 

and dolutegravir [49][44]. It was proposed that, inhibition 

of enzymes and transporters by atazanavir could play role 

in the substantial increase of raltegravir/dolutegravir 

plasma concentration. In addition, atazanavir is known to 

increase tenofovir AUC by 21% in healthy subjects [50]. 

The MRP2, a renal efflux pump could play role in this 

drug interactions which potentially could lead to renal 

toxicity [51]. This potential MRP2 mediated drug 

interactions remains unclear and further investigations 

would be helpful to understand. These complexity in drug 

interactions can be overcome by extensive mechanistic 

data for metabolizing enzymes and transporters. 
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Overlapping Toxicities with ARVs and Anti-TB Drug 

Regimen 

Overlapping toxicities and adverse reactions are common 

when multiple ARVs and anti-TB drugs are co-

administered in a given time [52] (Table 4) (Figure 1). 

For example, Isoniazid, stauvudine and didanosine are 

well-known for drug induced neuropathy [53]. As a result, 

increased hepatoxicity when nonnucleoside reverse 

transcriptase inhibitors, (NNRTIs, particularly 

nevirapine) were prescribed with anti-TB regimens was 

remains as a concerns for adverse event [54]. In another 

study, found an increased hepatotoxicity in efavirenz 

[54]
,
[55] and nevirapine [54] co-administration with anti-

TB regimens in 30% HIV/TB patients [56]. Again, in 

case of lopinavir [57], atazanavir [58] and saquinavir [59] 

boosting with ritonavir in combination with rifampin 

caused severe hepatotoxicity in healthy subjects. It 

seemed, most common hepatotoxicity was reported 

among the subjects when protease inhibitors (PI) boosted 

with rifampin. In regard to sequence of drug therapy may 

play a role and hepatoxic metabolite of PIs comes from 

the rifampin induced CYP450s or ritonavir may cause 

reduction in metabolic clearance was hypothesized[58].  

Table 4: Overlapping ping side effect profiles of first-

line antituberculosis drugs and antiretroviral drugs 

Side 

effect 

Possible causes 

 Anti-TB drugs ARVs 

Skin rash Pyrazinamide, 

rifampin, rifabutin, 

isoniazid  

Nevirapine, delavirdine, efavirenz, 

abacavir 

Nausea, 

vomiting  

Pyrazinamide, 

rifampin, rifabutin, 

isoniazid 

Zidovudine, ritonavir, amprenavir, 

indinavir 

Hepatitis Pyrazinamide, 
rifampin, rifabutin, 

isoniazid 

Nevirapine, protease inhibitors, 
immune reconstitution after starting 

antiretroviral therapy among patients 

with chronic viral hepatitis 

Leukopenia, 

anemia 

Rifabutin, 

rifampin 

Zidovudine 

 

Transporter-Enzyme Interplay in Drug Disposition 

At this advance science of age, a considerable overlap in 

substrate specificity and tissue distribution among 

membrane transporters and metabolizing enzymes were 

found throughout the body [60]. Recently, a significant 

substrate overlap between hepatic uptake transporters and 

enzymes has been recognized, [60] e.g. between 

CYP3A4 and OATPs [61]. However, the interactive 

nature of CYP3A and multidrug resistance protein 1 

(MDR1) is the most extensively studied interplay 

between enzymes and transporters [60]
,
[62]

,
[63]. CYP3A 

and MDR1 act as a coordinated barrier for xenobiotics. 

[64] However, several clinical studies explained that the 

role of intestinal MDR1 greatly played role by limiting 

absorption of the drug. [62]
,
[63]

,
[64]. In the intestine, 

where the drug enters the enterocytes from the luminal 

side, MDR1 majorly play role in the process of the drug 

reaching to the enzyme through repeated cycles of 

absorption and efflux, giving CYP3A mediated 

metabolism prior to enter into systemic circulation. This 

phenomenon may explained as the drug from the 

enterocytes return to the lumen without metabolism by P-

gp mediated efflux or other apical efflux transporters 

thereby allowing re-entry into enterocytes and increased 

chance of metabolic conversion by CYP3A [65]. Again, 

in the liver, the drug enters into the hepatocytes from the 

basolateral side and encounters CYP3A prior to MDR1-

mediated efflux into the bile canaliculi, drugs will not re-

enter the cells because of concentration gradient, as result 

limited metabolism occurs and more parent drug cross 

the membrane. 

 

Figure 1. Involvement of drug metabolizing enzymes and transporters in 

pharmacokinetics. This figure represents the involvement of metabolic 

enzymes and transporters can produce drug-drug interaction by inhibition/ 

induction of the corresponding enzymes and transporters in the different tissues 
(GI, Liver, Brain and Kidney). 

 

CONCLUSIONS  

Drug-drug interactions is common phenomena in 

multidrug regimen, especially in TB/ HIV treatment. The 

metabolic enzymes and transport proteins are 

differentially expressed in several tissues and play a 

crucial role in the drugs disposition and clinical response. 

The emphasis on metabolic enzymes and drugs 

transporters are well given since a couple of years and 

has been attracted by many to investigate on them for 

their clinical drug-interactions. After having several 

clinical mechanistic studies, it is believed that, several 
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drugs are influenced by in the interplay between 

metabolic enzymes and drug transporters. Also, still 

limited data are available to conclude or characterize 

precisely the DDIs, there is a requirement of more 

mechanistic understanding of several complex drug-

interactions between antituberculosis and antiretroviral 

drugs. This indicates the requirement of more 

mechanistic studies to understand clinical 

pharmacokinetic/ pharmacodynamic DDIs. Furthermore, 

base-poke studies on drug metabolic enzymes and 

transporters role in the disposition of the drug/s will be 

helpful to optimize drug-dose regimen in 

pharmacotherapy to HIV-TB. 
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