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ABSTRACT: 
Darunavir is a synthetic nonpeptidic protease 

inhibitor that has been shown to be extremely 

potent against wild-type HIV as well as a large 

panel of PI-resistant clinical isolates and shows a 

high genetic barrier to developing antiretroviral 

resistance. The treatment of HIV/AIDS requires 

combinations of multiple antiretroviral drugs. In 

addition, patients frequently need to Coad minister 

other medications for the prevention or treatment of 

opportunistic infections, treatment of concomitant 

illnesses, and management of antiretroviral side 

effects. Drug interactions have been observed 

between darunavir and other drugs. New and more 

comprehensive drug interaction studies will be 

required since the increase in the life expectancy of 

patients often brings new comorbidities and the 

concomitant use of different drugs. This paper 

discusses the impact of the use of darunavir in 

treating HIV-infected patients, its pharmacological 

and physical-chemical properties, its drug 

interactions, and the challenges that remain to 

ensure the safety and compliance of treatment. 
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I. INTRODUCTION 

Human immunodeficiency virus (HIV) 

and the related acquired immune deficiency 

syndrome (AIDS), have claimed over 34 million 

lives since its discovery in 1981 [1, 2]. According 

to the World Health Organization (WHO) AIDS 

epidemic updates, in 2009 new HIV infections 

were reduced by 17% over the previous 8 years. 

Since 2001, when the United Nations Declaration 

of Commitment on HIV/AIDS was signed, the 

number of new infections in sub-Saharan Africa is 

approximately 15% lower, which equates to about 

400,000 fewer infections in 2008. In East Asia, 

HIV incidence has declined by nearly 25%, and in 

South and South East Asia by 10% in the same 

time period. In Eastern Europe, after a dramatic 

increase in new infections among injecting drug 

users, the epidemic has leveled off considerably. 

However, in some countries, there are signs that 

HIV incidence is rising again [2]. 

Data from the WHO also show that there 

are more people living with HIV than ever before 

as, along with population growth, people are living 

longer due to the beneficial effects of antiretroviral 

therapy. The WHO estimates that since the 

availability of effective treatment in 1996, some 2.9 

million lives have been saved [2]. Antiretroviral 

therapy has also made a significant impact on 

preventing new infections in children as more HIV- 

positive mothers gain access to treatment 

preventing mother-to-child transmission. Around 

200,000 new infections among children have been 

prevented since 2001 [2]. 

Based on the deep knowledge gained 

about the HIV replication cycle, several drug 

targets have been identified over the years and 

effective treatment options are currently available. 

In accordance with Sharma and Garg [1], the 

current clinical therapeutic practice of using highly 

active antiretroviral treatment (HAART), is 

considered one of the most significant advances in 

the field of HIV therapy. Since the mid-1990s, 

HAART has made a remarkable contribution 

towards reducing mortality in patients [1]. 

Protease inhibitors (PIs) emerged in 1994 

after the elucidation of the mechanism of 

replication of HIV. HIV requires active protease 

(PR) for processing Gag and Gag-Pol polyprotein 

precursors into mature structural proteins and 

replicative enzymes. HIV PR has therefore become 

one of the major targets for anti-HIV treatment, and 

PIs have proven to be highly effective antiretroviral 

drugs [3]. 

Darunavir, (3-[(4-amino-benzene 

sulfonyl)-isobutyl- amino]-1-benzyl-2-

hydroxypropyl)-carbamic acid hexahydrofuro-[2,3-

b]furan-3-yl ester, is a synthetic nonpeptidic PI 

developed in 1998 by the pharmaceutical company, 
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Tibotec [4]. The compound was licensed in June 

2006 in the United States and in February 2007 in 

the European Union [5]. Since its emergence, many 

studies have demonstrated the efficacy of darunavir 

against HIV [4, 6], and this anti-retroviral drug has 

become an important component of     HAART. 

In 2010 the Food and Drug Administration 

(FDA) approved new labeling for darunavir. The 

oral dose for treatment-experienced adult patients 

with no darunavir resistance-associated 

substitutions (V11I, V32I, L33F, I47V, I50V, I54L, 

I54M, T74P, L76V, I84V and L89V) is 800 mg 

darunavir once daily with ritonavir 100 mg once 

daily and with food; for treatment-experienced 

adult patients with at least one darunavir resistance-

associated substitution (V11I, V32I, L33F, I47V, 

I50V, I54L, I54M, T74P, L76V, I84V, and L89V) 

the dose is 600 mg darunavir twice daily taken with 

ritonavir 100 mg twice daily and with food. For 

antiretroviral treatment-experienced pa- patients 

genotypic testing is recommended. However, when 

genotypic testing is not feasible, twice-daily dosing 

of darunavir/ritonavir 600/100 mg is recommended 

[7]. 

In this paper, a review of the properties of 

darunavir is presented, along with its drug 

interactions and challenges that remain in the 

treatment of HIV/AIDS. 

 

Pediatric Treatment 

Since the introduction of antiviral 

treatment, mortality from HIV/AIDS has decreased 

and it has now become a chronic disease. This fact 

is of particular importance for the life expectancy 

of pediatric patients, as detailed by Nsoroca et al. 

[8]. However, the treatment of HIV- positive 

children remains a challenge in HIV therapy, 

especially children younger than 1 year. Some 

research has shown that antiretroviral plasma 

concentrations are more frequently suboptimal in 

children younger than 1 year, which is related to 

greater antiretroviral treatment failure. This implies 

a considerable challenge in this population, which 

requires very long-term treatment [8]. Sosnik et al. 

[9] noted that pediatric HAART is especially 

difficult. Liquid formulations are essential for 

pediatric pharmacotherapy. Children under 7 are 

usually unable to swallow solid medications and, to 

make adult medicines suitable for children, tablets 

or capsules are often processed to adjust dosages 

and facilitate swallowing. Significant safety, 

efficacy, and quality concerns have arisen from 

such extemporaneous formulations [9]. 

Darunavir coadministered with ritonavir 

and with other antiretroviral agents was approved 

by the FDA for treating HIV infection in pediatric 

patients of 6 years of age and older. The dose 

should be based on body weight and should not 

exceed the dose for treatment-experienced adults 

(600 mg darunavir/100 mg ritonavir). Darunavir 

should be taken with ritonavir twice daily and with 

food. A once-daily dosing should not be given to 

children. The safety and efficacy of 

darunavir/ritonavir for children from 3 to under 6 

years of age has not been established. Darunavir is 

not recommended for children under 3 years of age 

[10]. 

There is a lower-dose (75 mg) formulation 

of darunavir available for pediatric patients with 

HIV infection. These patients must range from 6 to 

18 years of age and must weigh at least 44 lb. (20 

kg). For children weighing between 44 and 65 lb., 

375 mg of darunavir and 50 mg of ritonavir twice 

daily is recommended. In the case of children 

weighing between 66 and 87 lb., 450 mg of 

darunavir and 60 mg ritonavir twice daily is 

recommended and for children weighing 88 lb. or 

more the recommendation is 600 mg of darunavir 

and 100 mg ritonavir twice daily [11]. 

 

Pharmacodynamic Properties 
Efficacy and Therapeutic Safety 

The efficacy and safety of darunavir alone 

and ad- administered with ritonavir have been 

demonstrated in many studies [12–15]. The results 

showed that darunavir significantly improved 

virological and immunological outcomes compared 

with other PIs and was generally well tolerated. In 

agreement with Back et al. [6], darunavir has been 

designed to have a high genetic barrier to the 

development of resistance and has activity against 

wild-type HIV-1 virus and a wide range of PI-

resistant viruses. 

As was explained by Back et al. [6], darunavir is 

structurally similar to amprenavir. However, 

darunavir has two tetrahydrofuran rings that are 

fused to each other. This difference is very 

important to the darunavir activity as the bis-

tetrahydrofuran moiety reverses the 

stereochemistry at the bond that links it to the rest 

of the molecule and allows additional interactions 

of darunavir with ASP29, a key amino acid of the 

HIV PR [6]. 

 

Adverse Effects 

Darunavir may cause adverse effects. The 

most common side effects are gastrointestinal 
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disturbances (abdominal pain, diarrhea, nausea, and 

vomiting), nasopharyngitis, and 

hypertriglyceridemia. It should not be administered 

to patients with severe hepatic dysfunction and 

should be used with caution in cases of moderate 

hepatic dysfunction [16]. 

 

Hypertriglyceridemia 

Combination antiretroviral therapy has 

been associated with metabolic abnormalities such 

as increased triglycerides, increased cholesterol, 

insulin resistance, increased blood sugar, and 

hyperlactatemia [17]. After chronic treatment even 

moderate toxicity may lead to serious 

complications. In accordance with Sharma and 

Garg [1], the resulting treatment failure not only 

affects the quality of a patient’s life but also 

significantly adds to the economic burden of the 

health care system [1, 18]. 

 

Resistance 
The major complication of antiretroviral 

treatment, in accordance with Sasková et al. [3], is 

the evolution of drug-resistant PR variants. It 

occurs due to rapid viral replication. Most PIs 

select viral species with one or more specific 

mutations in the PR coding region that confer 

resistance. Sasková et al. [3] have emphasized that 

a detailed understanding of the mechanism of 

resistance development for individual clinically 

available PIs is essential for early detection of 

treatment failure. Moreover, it could lead to the 

design of a new generation of PIs capable of 

inhibiting even the highly resistant PR species from 

AIDS patients [3]. 

Darunavir seems to be extremely potent 

against wild-type HIV as well as a large panel of 

PI-resistant clinical isolates and shows a high 

genetic barrier to the development of antiretroviral 

resistance. The results of different research studies 

suggest that darunavir is a potential drug for the 

treatment of both naïve and PI-experienced HIV 

patients [3, 14]. 

Sasková et al. [3] have sequenced more 

than 60,000 samples of HIV between 2006 and 

2008 and have demonstrated that the prevalence of 

darunavir resistance remains low. Only 5.8% of 

samples with mutation that confer resistance to any 

retroviral drugs showed a darunavir mutation score 

of 3 or more, which is suggestive of darunavir 

resistance [3]. 

Fun et al. [19] have investigated whether 

the genetic diversity of HIV-1 subtypes affects the 

genetic barrier of darunavir. They have found that 

polymorphisms in Gag can lower the genetic 

barrier of darunavir and facilitate the selection of 

resistance and Gag mutations can induce low-level 

darunavir resistance independent of mutations in 

the viral PR [19]. 

 

Pharmacokinetic Properties 
The pharmacokinetics of darunavir have 

been studied extensively [20–28]. Pharmacokinetic 

studies in which darunavir was administered alone 

showed that it has a bioavailability of around 37%. 

When darunavir was administered in combination 

with ritonavir, a potent inhibitor of CYP3A, the 

plasma concentration of darunavir was increased. 

The bioavailability, calculated in comparison with 

IV administration of darunavir plus ritonavir, 

increased to 82% [21]. As there was an increase in 

the amount of darunavir absorbed, this suggests 

that darunavir is susceptible to presystemic 

metabolism an efflux effect, or both, and ritonavir 

contributes to the diminution of these effects. 

Furthermore, the first-order elimination of 

darunavir is inhibited by ritonavir [6, 21]. 

Sekar et al. [23] have evaluated the effect 

of food on darunavir pharmacokinetics. The 

administration of darunavir with a low dose of 

ritonavir in the fasting state resulted in a decrease 

in darunavir Cmax (maximum plasma 

concentration) and AUC last (area under the 

plasma concentration-time curve) of approximately 

30% compared with administration after a standard 

meal. Therefore, darunavir should be administered 

with a low dose of ritonavir and food, regardless of 

the type of food, as exposure to darunavir was 

shown not to be affected by the type of meal [6, 

23]. 

Studies have demonstrated that darunavir, 

similar to many other PIs, is highly protein-bound 

to both acid glycoprotein and albumin [6, 22, 25]. 

Sekar et al. [22] have demonstrated that the mean 

plasma protein binding of darunavir was 95.3% at a 

concentration of 500 ng base- eq/ml in plasma 

(clinically relevant concentrations) and that 

darunavir was mainly bound to α1-acid 

glycoprotein and to a lesser extent to albumin [22]. 

The most important route of metabolism 

of darunavir is oxidative metabolism. It is 

metabolized by cytochrome P450 (CYP450) 

enzymes, mainly CYP3A. Some metabolites of 

darunavir showed activity 10-fold less than 

darunavir against the wild-type virus [6]. 

Vermeir et al. [29] have illustrated that 

ritonavir, as a boosting therapy, changes the 

darunavir metabolism. In their study, darunavir was 
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extensively metabolized in unboosted subjects, 

mainly by carbamate hydrolysis, isobutyl aliphatic 

hydroxylation, and aniline aromatic hydroxylation 

and to a lesser extent by benzylic aromatic 

hydroxylation and glucuronidation. However, 

boosting with ritonavir resulted in significant 

inhibition of carbamate hydrolysis, isobutyl 

aliphatic hydroxylation, and aniline aromatic 

hydroxylation. It had no effect on aromatic 

hydroxylation at the benzylic moiety, whereas the 

excretion of glucuronide metabolites was markedly 

increased but still represented a minor pathway. 

The difference in unchanged darunavir as a 

percentage of total excretion of the administered 

dose between boosted and unboosted subjects was 

huge, 48.8% compared to 8.0%, which is a result of 

the inhibition of darunavir metabolism by ritonavir 

[29]. 

Drug Interactions 

Drug interactions are a practical concern 

for physicians treating HIV-infected patients [20]. 

In addition to HAART, which requires 

combinations of multiple anti-retroviral drugs, 

patients frequently need to coadminister other 

medications for reasons including the prevention or 

treatment of opportunistic infections, treatment of 

concomitant illnesses, and management of 

antiretroviral side effects [6]. 

As described by Back et al. [6], not all 

drug-drug interactions are undesirable, and the 

illustration of this is the well-established 

pharmacokinetic enhancement effect of PIs by 

ritonavir [6]. However, many drug-drug 

interactions may result in therapeutic problems that 

require dose adjustments or even result in 

contraindications to their use. Many interactions 

between darunavir/low-dose ritonavir and other 

drugs frequently administered to HIV- positive 

patients have been studied. Compounds that alter 

CYP3A4 activity and expression might influence 

darunavir concentrations and the combination of 

darunavir and ritonavir may unpredictably 

influence the concentrations of other concomitant 

drugs that are metabolized mainly via the CYP3A4 

isoenzyme. In most cases, these drug interactions 

with darunavir can be managed and it is rare that 

the coadministration of other drugs is 

contraindicated [6, 20, 30]. shows details of most 

of these studies. 

Rittweger and Arastéh [30] have detailed 

that although these interactions were studied 

mainly in HIV- negative healthy volunteers, the 

results should also apply to the targeted population 

of HIV-infected patients [30]. Another important 

point in drug-drug interaction studies is that 

considering the beneficial results of treatment for 

HIV, which are reflected in the increased life 

expectancy of patients, further studies on drug 

interactions are necessary as aging brings new 

comorbidities and often concomitant use of 

different drugs. 

 

Table 1. Interactions between darunavir/low-dose ritonavir and other drugs 

Drug Pharmaceutical Pharmacological Results Recommendations Reference 

 
class interaction 

   

Atazanavir/ 

ritonavir 

Saquinavir/ 

ritonavir 

Lopinavir/ 

protease inhibitor 

the PIs act as substrates 

or inhibitors and/or 

inducers of the CYP3A 

isoenzymes; in addition 

they are substrate for, and 

there was no 

change in drug 

exposure 

darunavir 

exposure 

decreased 

26% darunavir 

exposure 

no clinically 

relevant 

combination not 

combination not 

[6, 19, 30] 

[6, 19, 30] 

[6, 19, 30] 

ritonavir 
 

modulators of, P-gp and 
decreased 

41% and 
recommended 

 

  
other transport proteins 

lopinavir 

exposure   

   
increased 9% 

  

Indinavir/ 
  

darunavir 

exposure 
indinavir dose [6, 19, 30] 

ritonavir 
  

increased 24% 

and 

reduction from 

800 to  
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indinavir 

exposure 

600 mg b.i.d. in 

case of  

   
increased 23% intolerance 

 

Efavirenz nonnucleoside nonnucleoside reverse 
darunavir 

exposure 

no clinically 

relevant 
[6, 19, 30] 

 
reverse transcriptase inhibitors 

decreased 

13% and 

interaction 

anticipated  

 
transcriptase are substrates for and 

efavirenz 

exposure   

 
inhibitors inducers of CYP3A4. increased 21% 

  

Etravirine 
  

etravirine 

exposure 

no clinically 

relevant 
[6, 30] 

   

decreased 

37% 

interaction 

anticipated  

Nevirapine 
  

darunavir 

exposure 

no clinically 

relevant 
[6, 19, 30] 

   

increased 24% 

and 

interaction 

anticipated  

   

nevirapine 

exposure   

   
increased 27% 

  

Tenofovir nucleoside tenofovir is renally 
darunavir 

exposure 

no clinically 

relevant 
[6, 19, 30] 

 

Biopharmaceutical Classification 
The majority of antiretrovirals are 

administered oral IV. For absorption of these drugs 

from the gastrointestinal tract the drug should be 

present in the solution state in gastrointestinal fluid, 

which forms a critical requirement for the 

absorption of poorly water-soluble drugs [1, 31]. 

The system proposed by Amidon et al. [32], the 

Biopharmaceutical Classification System (BCS), 

defines that the aqueous solubility/dissolution of 

the drug dose in the gastrointestinal fluids and the 

intestinal permeability of drug substances are the 

fundamental events controlling oral drug 

absorption [1, 32, 33]. Following BCS guidelines, a 

drug substance is considered highly soluble when 

its highest dose strength dis- solves in 250 ml or 

less of aqueous media over a pH range of 1.0–7.5 at 

37°C. Likewise, the permeability of the drug 

substance is considered high when in humans it is 

deter- mined to be ≥90% (FDA) or ≥85% (EMEA) 

of an administered dose based on a mass balance 

determination or in comparison to an intravenous 

reference dose [1, 34, 35]. However, as highlighted 

by Sharma and Garg [1], there are other factors that 

have to be taken into consideration for the 

appropriate estimation of the bioavailability such as 

the effect of efflux and absorptive transporters, 

Diagnosing (tide) reverse transcriptase 

inhibitors excreted and is not a substrate, inducer or 

inhibitor of any CYP enzyme; the mechanism is 

likely to involve drug-transporter proteins. 

increased 21% and tenofovir exposure increased 

22% there was no change in drug exposure 

interaction anticipated but monitored renal function 

no clinically relevant interaction. Enfuvirtide fusion 

inhibitor enfuvirtide is not metabolized by CYP450 

enzymes there was no change in darunavir 

exposure no clinically relevant interaction [6, 19, 

30]. Elvitegravir integrase inhibitor. There was no 

change in darunavir exposure no clinically relevant 

interaction Atorvastatin HMG-CoA reductase 

inhibitors the atorvastatin metabolism is CYP3A4- 

mediated atorvastatin exposure was increased 

markedly start with dose 10 mg quid. titrated to 

clinical response [6, 19, 30]. pravastatin is not 

significantly metabolized by CYP enzymes; likely 

mechanism is an interaction with a transporter 

pravastatin exposure was increased 81% start with 

lowest dose and titrate to clinical response [6, 19] 

Omeprazole Gastric pH modifiers Ranitidine the   

coadministration of gastric pH modifiers and some 

PIs is not recommended, but it is not true for 

darunavir there was no change in darunavir 

exposure there was no change in darunavir 
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exposure no clinically relevant interaction no 

clinically relevant  interaction. 

Paroxetine reuptake inhibitors protein 

bound and metabolized through CYP3A4 

(sertraline) or CYP2D6 (paroxetine) decreased 

49% paroxetine exposure was decreased 39% 

necessary [6, 19, 30] Methadone narcotic analgesic

 ritonavir is an inducer of the metabolism 

of methadone exposure was decreased 16% no a 

priori methadone dose adjustment needed. 

intestinal metabolizing enzymes (CYP3A4 and 

UDP- glucuronoxylan transferases) and food [1]. It 

is known that darunavir is rapidly absorbed from 

the intestine after oral administration, reaching 

peak plasma concentrations after 2.5–4.0 h [6, 20, 

21, 36]. It is also known that P-glycoprotein 

expressed in intestinal epithelial cells is able to 

decrease the absorption of orally administered PIs, 

and low levels of intestinal absorption together 

with CYP450 activity are major factors in the 

reduced bioavailability of these drugs [1, 36]. 

Fujimoto et al. [36] have demonstrated that P-

glycoprotein mediates the efflux transport of 

darunavir in the apical membranes of Caco-2 cells. 

Darunavir was revealed to be a transport substrate 

of P-glycoprotein in Caco-2 cells and in MDR1 

gene- transfected renal LLC-PK1 cells. 

Furthermore, the mechanisms of action of ritonavir 

in terms of improving the bioavailability of 

darunavir were shown to in- volve the inhibition of 

the efflux transport systems of the intestinal lumen 

in addition to the intestinal/hepatic metabolism 

[36]. The relevance of the efflux transport 

phenomenon was illustrated by Sosnik et al. [9] 

using published studies on indinavir as examples. 

Indinavir was initially categorized as a class IV 

drug according to the BCS due to its apparently 

low permeability after oral intake. However, the 

drug was later reclassified as class II, indicating the 

ability of the molecule to intrinsically cross the 

intestinal barrier in the absence of active efflux 

mechanisms [9]. Although the intestinal absorption 

of darunavir has been considered to be 

intermediate-to-high when using Caco-2 

monolayers [6], darunavir classification according 

to the BCS is not defined. Its permeability is not 

de- fined and there are no published studies on its 

solubility according to the BCS criteria. However, 

some inferences can be made about the 

biopharmaceutical classification of darunavir. As 

was detailed in Pharmacokinetic Properties, 

darunavir is always recommended to be 

coadministered with a low dose of ritonavir. 

Ritonavir, as a potent inhibitor of CYP3A and a 

possible substrate of P-glycoprotein, was shown to 

improve darunavir’s bioavailability from 37 to 82% 

[21]. Moreover, these medicines have to be 

administered with food, which, as described by 

Sekar et al. [21], improves the bioavailability of 

darunavir by 30% [21]. Taking this data into 

account, it is possible to say that darunavir, when 

administered with ritonavir, can behave like a 

highly permeable drug sub- stance and its 

biopharmaceutical classification may be in class I 

or II depending on its solubility. Darunavir is a 

drug of relatively low aqueous solubility [37] and, 

there- fore, it is likely to be classified as class II. 

These inferences are critical because they illustrate 

that dissolution testing is a crucial test for a 

darunavir/ritonavir dosage form. Furthermore, 

dissolution testing could be useful for the 

development of an in vivo-in vitro correlation. 

 

II. CONCLUSION 
Darunavir, as a component of the group of 

a new generation of PIs, represents a great 

advantage in HIV/AIDS treatment since it has 

shown good efficacy against wild- type HIV-1 

virus and a wide range of PI-resistant viruses. This 

PI, given in combination with ritonavir, might be 

classified as BCS class II due to the inhibition of 

metabolic pathways by ritonavir, resulting in 

darunavir having an effective high permeability 

value. While a cure for HIV/AIDS remains a long-

term commitment there is still much to achieve and 

two of the biggest challenges are to develop a safe 

pediatric treatment and to improve the quality of 

life of the patient by developing a treatment with 

few or no side effects and with a low pill burden to 

reduce the frequency of administration by 

increasing bioavailability and overall exposure. 
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