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Abstract

Background: The use of complementary and altereatiedicine including herbal medicine
(phytotherapy), vitamins, minerals and food supm@ets is frequent among people living
with HIV/AIDS (PLWHAs) who take antiretroviral (AR)/drugs, but often not known by
their prescribing physicians. Some drug—supplentemtbinations may result in clinically
meaningful interactions.

Objectives: In this literature review, we aimednuestigate the evidence for complementary
and alternative medicine interactions with ARVs.

Sources: A bibliographic search of allvitro, human studies and case reports of the PubMed
database was performed to assess the risk of dtitera between complementary and
alternative  self-medication products and ARVs. Th#llV drug interaction”

(https://www.hiv-druginteractions.org) and “Naturahedicines comprehensive database”

(https://naturalmedicines.therapeuticresearch.gotajaction checkers were also analyzed.

Content: St John’s wort, some forms of garlic, gfayit and red rice yeast are known to have
significant interaction and thus should not be domistered, or should be used with caution
with certain ARV classes. Data on other plant-baagzplements come from vitro studies

or very small sizen vivo studies and are thus insufficient to concluderdain vivo impact

in case of concomitant administration with ARVsn&opolyvalent minerals such as calcium,
magnesium, and iron salts can reduce the absorpfiantegrase inhibitors by chelation.
Potential interactions with vitamin C and quercetith some ARVs should be noted and
efficacy and tolerance of the treatment should beitared.

Implications: This review shows the importance @egning all PLWHAs for complementary
and alternative medicine use to prevent treatmaifiré or adverse effects related to an

interaction with ARVs. Further human studies arerrausted to describe the clinical
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significance ofin vitro interactions between numerous complementary atbernative

medicine and ARVs.
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1. Introduction
Self-medication is an old and universal practicéingel as the over-the-counter use of
medicinal products that have received marketindpaigation, with or without advice from
the pharmacist. Wellness substances or food sugplsm(e.g. vitamins, minerals, trace
elements, creatinine, amino acids, etc.) can ats@dnsidered as self-medication. People
living with HIV/AIDS (PLWHAS) may practice self-méchtion because of the adverse
effects of antiretroviral drugs (ARVSs), to improtreeir well-being or to treat mild symptoms
[1-3]. In case of interaction, the use of a selfiioation products may alter ARVs’ efficacy
or increase their toxicity. Physicians usually uedémate this practice because patients
rarely declare their self-medication, especiallycase of complementary and alternative
medicine. Between 50 to 80% of PLWHAs do not repbeir self-medication to their
physicians and about 80% are self-medicating witbast one product [1,4,5].
The most commonly used therapeutic classes aresteooidal analgesics/anti-inflammatory
drugs (94.2%), drugs indicated for gastrointestideorders or used in ear-nose-throat
disorders (63.5%), dietary supplements (54%), dinggcated in skin disorders (31.8%),
herbal medicine (20.2%) and anti-allergic drugs.Z2€) [6—8]. Main reasons given for self-
medication are strengthening the body, boostingumity to fight HIV, supplementing ARV
therapy, delaying disease progression, relievingpggms and countering adverse effects of
ARVs [7-9]. Overall, 61-81% of users found a benefi self-medication, particularly for
improving quality of life [6-8]. In the USA, 35-75@ PLWHAS use complementary and
alternative medicine to treat HIV-related symptdihd0-12] and utilization rates are likely
to be even higher amongst some subgroups as LREWHA [13].

Several studies have tried to establish a comeldtetween PLWHAS' use of self-
medication and different socio-demographic, cultad clinical-biological factors, with

contradictory results. The main factors associati¢d self-medication use are female gender
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[6,14-16], high educational background [7,9,14,I51B], high income [18], presence of
adverse effects due to prescribed treatments [Sab¥jety and depression [19] and pain [19].
However, no link between self-medication and heattdtus has been observed [15] and it
thus seems that there is no typical profile of PLA¢Husing self-medication products.
Therefore, it is necessary to systematically amtaiighly question each patient about self-
medication and to be able to detect the presengmitaitial interactions. In this literature
review, we focused on the risks of interactionsMeein ARVs and so-called complementary
and alternative self-medication products: herbaldioiee (i.e. phytotherapy), vitamins,

minerals and food supplements.

2. Methods

A literature review was conducted to assess thedfisnteractions between complementary
and alternative self-medication products and ARY¥®&@ both a bibliographic search in the
PubMed database (including the terms "antiretrb\thrarapy” AND herb-drug interaction”
OR “self-medication”, “alternative therapies”, “cpiementary therapies”, “dietary
supplements”, “herbal medicines”, “homeopathy”) ande “HIV drug interaction”

(https://www.hiv-druginteractions.org) and “Naturahedicines comprehensive database”

(https://naturalmedicines.therapeuticresearch.camgckers. Allin vitro, human studies and

case reports published from 2000 through Septer@gb&é® were included. Only studies
published in English were considered relevantli teview.

Interaction tables were developed based on thenr#on collected and classified into four
situations: (i) “contra-indicated”; (ii) “use withcaution” (i.e. situations in which
recommendations to adjust dosage or time admiticstrave been made); (iii) “to be noted”
(i.e. potential interactions without associatedbremendations or based onvitro data only)

and (iv) “no interaction” (according to the avaiklstudies).
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3. Interactions between ARVs and herbal medicine

Cytochromes P450 (CYP) are ubiquitous enzymes wablin the metabolism of diverse
substrates and especially drugs. They are dividedfamilies (CYP 1-2-3) and sub-families
(CYP 1A - 2C - 2D - 3A). Drug metabolism is mostigpatic and often involves several
CYP. CYP3A4 is the most important in humans représg 30% to 50% of the liver content
of CYP450, and also being present at the intesteal (enterocytes). About half of the
drugs metabolized are processed through CYP3A4 [R intestinal absorption of certain
drugs is regulated in enterocytes by CYP3A4 couplgth an efflux transporter, P-
glycoprotein (P-gp). CYP3A4 directly metabolizeggsh drugs, while P-gp promotes their
release into the intestinal lumen. P-gp, which bgéoto the superfamily of ABC carriers
(ATP-binding cassette), is one of the most impdrtaransporters involved in the
bioavailability of xenobiotics in humans and proewtrug elimination in the urine and bile
[21].

Although interactions with some plants such asJ8hn's wort Klypericum perforatupnare
well known [22], there are very few vivo data on drug interactions with other plants.
Furthermore, results from vitro andin vivo studies are often conflicting [23] possibly due to
lower in vivo plasma concentrations than those studiethinitro assays because of poor
bioavailability or significant clearancé vitro studies may also not target the plant's active
compounds or metabolites. Finally, for the samatplateractions can be different depending
on the variety, the concentration of active ingeati, the time of harvest or the part used.
Thus, study results are not always representativeea life. As a result, it is sometimes
difficult to draw recommendations for clinical ptee. Table 1 summarizes the risk of

interactions between herbal medicines and ARVSs.
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3.1. Plants with a known significant interactiornttwhARVs

3.1.1. St. John’s wort (Hypericum perforatum)

St. John's wort is one of the first plants for whacdrug interaction has been documented. It
Is a potent enzyme inducer, including CYP3A4 andlyeeoprotein (P-gp) [23], reducing
plasma concentrations and thus the efficacy of noags [22].

The effect of St John’s wort on CYP3A4 and P-gp besn described with indinavir with a
57% decrease in its area under the concentratioa ¢urve (AUC) and a 81% decrease in its
extrapolated concentration eight hours after theiagtration [24]. An increase in drug
clearance will decrease AUC.

A significant decrease in nevirapine exposure dua 85% increase in its clearance has also
been described in five patients with simultaneasss of St. John's wort [25]. For this reason,
the use of this plant is contraindicated with paste inhibitors (PIs), non-nucleoside reverse
transcriptase (RT) inhibitors (NNRTISs), dolutegrawictegravir, maraviroc and ritonavir- or
cobicistat-boosted ARV therag22]. It should be noted that this effect may couné at least

two weeks after St. John's wort is stopped [22].

3.1.2. Garlic (Allium sativum)

The garlic bulb, of which allicin is the main aaiwomponent, has properties that are
favourable for blood circulation and cardiovasculak, in particular through a cholesterol-
lowering effect [26]. Its use is not recommendedpatients treated with Pls. Garlic, in
capsules containing powdered bulb extract of g&8@9 mg) two times daily (1200 mg), has
been shown to reduce saquinavir AUC by 51% and mmaxi (Cmax) and minimum (Cmin)
plasma concentrations by approximately 50% in tealthy volunteers. AUC and Cmax of
saquinavir reached only 60 and 70% of baselineegatespectively ten days after stopping

garlic intake, underlining a lasting residual effgs].



158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

The mechanism of interaction is not fully elucidhtieut it is thought to be related to a
decrease in the bioavailability of saquinavir. Datygest that garlic increases saquinavir
efflux via the induction of intestinal P-gp [27]. potential inducing effect on intestinal
CYP3A4 has also been suggested and then refutgd@2rlic is also a CYP3A4 inhibitor
[23,28]. Anin vitro study showed an increase in the efflux of darunand saquinavir from
the enterocytes to the intestinal lumen when coetbwith garlic, even in the presence of
ritonavir [29]. Therapeutic failure has been repdrin a man treated with boosted atazanavir
consuming about six cloves of fried garlic threeds a week. The plasma concentration of
atazanavir was sub-therapeutic despite good adtertn treatment and remained below
normal ten days after the end of garlic consumpzy.

Garlic should therefore be used with caution inguas treated with Pls, maraviroc, NNRTIs,

integrase inhibitors (INIs), abacavir and tenofovir

3.1.3. Red rice yeast (Monascus purpureus)

Monascus purpureuss a purplish-red mold species that ferments oe.rin its form of red
rice yeast, it is used for medical purposes becafises cholesterol-lowering action. This
property is due to monacolines, that include arstedlled monacolin K or lovastatin [31].
This statin is metabolized by CYP3A4 and is a galbstfor P-gp. Its use is contraindicated in
combination with CYP3A4 and P-gp inhibitors duethie risk of lovastatin overdose which
may lead to rhabdomyolysis [32—-34]. Between 2008 2013, 24 cases of nutrivigilance
attributable to red rice yeast were reported toNlaéonal Agency for Food, Environmental
and Occupational Health Safety (ANSES). These weainly cases of myotoxicity and
hepatotoxicity [31]. Its use is thus contra-indezht in combination with Pls or
elvitegravir/cobicistat and not recommended whangusther hepatotoxic ARVs, especially

first-generation NNRTIs (nevirapine, efavirenz).
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3.1.4. Grapefruit and citrus fruits (Citrus speqgies

Drug interactions with grapefruit are among the traisdied. There is now evidence that
grapefruit contains inhibitors of CYP3A4, P-gp asttier transporters such as organic-anion-
transporting polypeptides (OATPs) which form a fignuf influx transporters expressed in
various tissues upon treatment with drugs and oxesobiotics [23]. Furanocoumarins,
mainly bergamotine, are responsible for CYP iniobit[23,35]. They degrade CYP3A4,
requiring itsde novosynthesis to regain metabolic activity, which ¢ake 24 hours [23].
Furanocoumarins act mainly on the intestinal isgerez of CYP3A4. Inhibition of CYP3A4
in the liver occurs after repeated doses or a sirfggh-dose of grapefruit [23]. The
pharmacokinetic profile of CYP3A4 substrates inatgdPls, NNRTIs, INIs with partial
CYP3A4 metabolism (elvitegravir, bictegravir, dagtavir) and maraviroc is therefore
affected by grapefruit. Kupferschmidt al. showed a 100% increase in the bioavailability of
saquinavir when administered in combination witlapgfruit juice but no effect on its
clearance which is consistent with the inhibitiohirtestinal CYP3A4 by grapefruit juice
[36]. A mouse model showed an increase in the laitavlity of lopinavir when
administered with grapefruit. The effect of grapéfivas comparable to that obtained with
ritonavir [37]. Conversely, indinavir is a poor sttate for intestinal CYP3A4 and is therefore
unaffected [35]. The impact of grapefruit-mediatedhibition on the influx and efflux
transporters is less known than for CYP3A4.

Notably, most of the studies were performed withpgfruit juice. The potential effect of
grapefruit-based herbal medicine products (esggcsaled extract) on CYP3A4 substrates
depends on the presence or absence of furanocosvaard therefore on the manufacturing
process. The inhibitory effect is variable accogdin different parameters, in particular the
grapefruit variety [23]. The varying quantitiesfafanocoumarins (or variants) present in the

different citrus fruits determines their ability &ter pharmacokinetic profiles of susceptible
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drugs. ThusCitrus species with low furanocoumarin content, includigsinensisC. limon

C. aurantifolia and C. reticulata do not inhibit the activity of CYP3A4. In additioto
grapefruit C. paradis), Seville orange . aurantium) and pomelo €. grandi3 have been
shown to inhibit intestinal CYP and increase thmalailability of several CYP3A substrates.
The clinical impact of the grapefruit interactiofthvARVs is not known, but their association
may alter ARV kinetics and lead to unpredictabld andesirable plasma concentrations. The
clinical impact of the grapefruit interaction haselb demonstrated with other molecules such
as antihypertensive drugs [38]. Patients under ARNGuld avoid grapefruit consumption
and, if they do not, they should be monitored fiotdgical and/or clinical adverse events.
Products from the Seville, or bitter, orange tr€atr(s aurantiumy are mainly used for
digestive disorders, and can be a source of drtegactions. Indeed, like grapefruit, bitter
orange contains bergamotine, which inhibits intedtiCYP3A4. A study conducted in
healthy volunteers found a similar effect of biti@ange juice and grapefruit juice on
dextromethorphan kinetics. This study concluded fit@e grapefruit, Seville orange inhibited
CYP3A4 and intestinal P-gp [39]. In another stuclysadministration of Seville orange juice
caused a significant delay in reaching indinavira@nbut did not alter other PK parameters
[40]. This interaction was therefore not clinicallygnificant. However, unlike other PIs,
indinavir is a weak substrate for intestinal CYP3/A4 with grapefruit, other Pls, NNRTIs
and maraviroc may be affected by bitter orange witpotential increase in their plasma
concentrations.

Orange peel from the sweet orange ti€gr{s sinensisis sometimes used to stimulate the
appetite. Studies suggest that orange juice irtgeragth certain carriers. It contains
hesperidin, which inhibits OATP1A2n vitro. Since this transporter allows intestinal
absorption of substrate drugs, their concomitamhiabtration could decrease the plasma

concentration of the substrate with a loss of theutic efficacy. This inhibition has a time-

10
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limited effect, thus a four-hour interval betweearsds would be sufficient to avoid it [41]. An
in vivo study also found a decrease in the bioavailabdityfexofenadine, a substrate for
OATP transporters, in the presence of orange jW&sC and Cmax were decreased by 30%
and 40%, respectively [42]. As a precautionary megshe interaction should be considered
with ARV substrates of this transporter (mainly @aqvir, lopinavir and darunavir). A four-

hour delay between orange and ARVs consumptionlghibarefore be recommended.

3.2. Plants with potential but insufficiently docented interaction with ARVs
Most data come fromn vitro studies or very small sizen vivo studies. These data,
summarized ifTable 1, are therefore insufficient to conclude the r@aVivo impact in case
of concomitant administration with ARVs. These asatons should therefore “be noted”
and the control of both efficacy and tolerancecatkd.

3.2.1.Ginkgo biloba
Ginkgo bilobais widely used to improve concentration and menarg for the treatment of
peripheral vascular pathologies such as venolynmphagufficiency, hemorrhoidal attacks,
dementia and depression. It is also known to maeldke activity of several CYPs and P-gp.
However, studies differ as to whether it has amamty or inhibitory effect. A fewn vitro
studies suggest an inhibitory effect on CYP3A4, 2P©9 and P-gp [43,44]. An vivo study
investigating the impact @éinkgo bilobaon raltegravir found no significant pharmacokioeti
interaction [45]. In anothen vivo study, an extract dbinkgo bilobadecreased midazolam
AUC and Cmax by 34% and 31%, respectively, showewidence for induction of CYP3AA4.
However, induction was not found wh&inkgo bilobawas combined with ritonavir-boosted
lopinavir, probably due to the potent inhibition r@bnavir [46]. It is therefore unlikely that
ritonavir-boosted Pls are affected by the inductmin CYP3A4. However, the risk of
interaction with unboosted CYP3A4 substrate ARVar@wiroc, NNRTIs, PIs) is plausible.

Indeed, cases of interaction with efavirenz canfdaend in the literature. The first case

11
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concerns a patient in virological failure with aisgance mutation following the introduction
of Ginkgo biloba despite having been stable for two years on tmebination of efavirenz,
emtricitabine and tenofovir. A decrease in efavr@lasma concentration was observed yet
the patient was compliant with their treatment.uctibn of CYP3A4 and P-gp by terpenes
contained inGinkgo bilobawas suspected [47]. In the second case, the pdiem an
undetectable viral load for ten years on the comtimn of zidovudine, lamivudine and
efavirenz. Two months after the introduction @Ginkgo biloba the viral load became
detectable at 1350 copies/ml. One month after diswgation of Ginkgo biloba viral load
returned to undetectable levels [48]. It is therefoot recommended to u&enkgo bilobain
patients treated with efavirenz. No clinical int#rans with other ARVs have been reported.
However, because of the potential for interactibme combination should be used with

caution and plasma concentrations should be mewitidipossible.

3.2.2. Echinacea

Echinaceahas immunostimulant properties, which are usdtienreatment and prevention of
upper respiratory tract infections. A study demmated Echinacea activity inhibiting
intestinal CYP3A4 and CYP1A2 but inducing hepatiYRBA4 [49]. Its effect on the
substrate molecules depends on their relative @idraat the intestinal and hepatic levels.
Although there are no clinical cases of interactimported, caution is required when
combining with drugs that are substrates for theseymes (maraviroc, rilpivirine in
particular). However, due to the inhibitory effeot ritonavir, the risk of significant
interaction appears to be low with boosted Pls,has been shown when combining
Echinaceawith boosted lopinavir or darunavir [50,51]. Anethstudy demonstrated no
change in the pharmacokinetic parameters of etn@viaken concomitantly witkchinacea

[52].
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Nevertheless, even in the absence of a descrili@datly significant interaction with ARVs,
the European product monograph indicates that $eeotEchinaceais not recommended for

PLWHAs [53].

3.2.3. GinsengHRanax sp.
Ginseng root is used as a tonic to combat asthamaimprove alertness. It has also useful
properties against hyperlipidemia, mellitus diabeted high blood pressure. Finally, ginseng
has immunostimulant properties, notably by incregsirculating T-cells.
It can induce CYP3A4, reducing midazolam exposwe3#% when taken concomitantly
[54]. These data suggest that ginseng may decngasena concentrations and thus the
efficacy of drugs metabolized by this cytochromewsdver, other studies contradict this
finding by showing either inhibition of CYP3A4 [5%F no effect [56,57]. These conflicting
results may be due to the variability in the geonsete composition of the different
preparations studied. No changes in the pharmaet&iparameters of unboosted indinavir
were observed when combined with American ginsdPgnéx quinquefoliys[58]. The
pharmacokinetic parameters of lopinavir and ritenake also unaffected by the combination
with Panax ginsengb9]. An interaction between ginseng and a ritonéaosted Pl therefore
seems unlikely. However, in the absence of datssegig should be used with caution with
other CYP3A4-metabolized and unboosted ARVs suchasiviroc and NNRTIs.
There are no studies on the impact of ginseng ofdJGalderon et al. suggest that since the
transcription of UGTs and CY3A4 is regulated bycanmon nuclear receptor, it is possible
that ginseng modulates the metabolism of drugsaraisubstrates for UGTs [59]. One case
of hepatic cytolysis with jaundice in an HCV coenfed HIV-positive patient has been

reported. This was attributed to an interactiomieen raltegravir and self-medicated ginseng
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started 39 days earlier. The mechanism of thigaot®n has not been elucidated and the

patient had many associated risk factors [60].

3.2.4. GoldenseaHydrastis canadensjs

The active compounds in goldenseal are alkaloitiscc@erberine and hydrastin.
vitro, goldenseal has inhibitory activity against CYP3R€9 and 2D6 [61,62]. Significant
inhibition (approximately 40%) of CYP2D6 and 3A wako demonstrated in a study in
healthy volunteers [63]. However, co-administnatad hydrastine did not show a significant
impact on the pharmacokinetics of indinavir, despitdose approaching the maximum dose
and standard levels of hydrastine and berberine.alithors concluded that hepatic CYP3A4
substrate drugs were unlikely to be affected byrastih. However, since indinavir is a poor
substrate for intestinal CYP3A4, a risk of interactat this level could not be excluded for
other molecules [64]. In contrast, the pharmacdkiseof midazolam, a CYP3A4 substrate
drug, is altered by goldenseal with increased AUQ @elayed clearance [65]. Caution should
therefore be exercised when combining goldensetdl WRVs that are substrates for these

cytochromes.

4. Interactions between ARVs and vitamins

Only two interactions have been reported with viteanA significant change in coagulation
parameters with an increase in bleeding effects lsn observed upon concomitant
administration of vitamin E and tipranavir in rd86]. In patients treated with tipranavir
capsules, any vitamin E supplementation shouldsied with caution and should not exceed a
daily dose of 1200 IU of vitamin E. Moreover, sirtq@anavir oral solution already contains
vitamin E as an excipient, no vitamin E supplemiotashould be combined with this

formulation [67].

14



331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

It has also been suggested that high doses of mit&ncould induce some cytochromes
including CYP3A. A study conducted in seven healfiojunteers showed that concomitant
administration of 1000 mg of vitamin C per day &®ven days significantly reduced the
Cmax of unboosted indinavir by 20% [68]. The claliomplications of this interaction and
the possible effect of the addition of a low dokdtonavir remain to be determined.

Other vitamins appear to be free of drug interagtiodHowever, the use of multivitamins

should be performed cautiously as they often cantanerals that can interact with ARVs.

5. Interactions between ARVs and minerals

Interactions between ARVs and minerals are summarin Table 2 Some polyvalent
minerals such as calcium, magnesium, and iron saltsreduce the absorption of INIs by
chelation. To prevent the transfer of viral DNAdrihe genome of host cells, INIs bind to the
magnesium ion present at the active integraseldaeiever, the active site of INIs may also
bind any other polyvalent cation. Chelation presethieir penetration into target cells and
their action against integrase. This results ilgaicant decrease in AUC and Cmax of INIs.
However, the interaction and recommendations depenthe dose of the supplementation
and the INI drug administered. Plasma dolutegraldC (0-0), Cnhax and G4 were reduced
by 39%, 37% and 39% respectively when co-admirestevith 1200 mg calcium carbonate
(containing 480 mg elemental calcium) under fastingditions and by 54%, 57% and 56%
respectively when co-administered with 324 mg afdes fumarate (containing 107 mg
elemental iron) under fasting conditions [69]. mstwork, Songet al assumed that the
different effect by ironvs calcium supplements was due to solubility diffee in the
dolutegravir-iron chelation compless the dolutegravir-calcium chelation complex. Areth
possible explanation could be a higher affinity imin for the dolutegravir binding site.

Moreover, in this study, co-administration of delgtavir with a moderate-fat meal and
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calcium carbonate or ferrous fumarate counteratiedinteraction and provided plasma
exposures comparable to dolutegravir alone unds#infaconditions. Indeed, a moderate-fat
meal increased dolutegravir AUC by 41% in the abseaf added supplement without
negative impact on safety [69] whereas it increa6€ by 78% in the presence of calcium
carbonate and by 114% in the presence of ferronsarfate [70]. Similarly, dolutegravir
administered under fasting conditions two hour®mto administration of a single dose of
calcium carbonate or ferrous fumarate resulted iasma exposures comparable to
dolutegravir alone [70]. Thus, calcium, magnesiunon, zinc or multivitamin supplements
should be co-administered with dolutegravir anddfpc0,71]. If they are not co-administered
with a meal, they should be taken at least six sicagfore or two hours after taking
dolutegravir [71], at least four hours before aeaklvitegravir [72] or raltegravir [73—75],
and two hours before or after bictegravir [76].

Patelet al showed that co-administration of dolutegravir anthultivitamin supplement (162
mg of elemental calcium and 100 mg of magnesiumdagr, in addition to iron, zinc and
copper) induced a modest effect on pharmacocipatiameters [77]. Thus, they assumed that
a clinically significant interaction was unlikelyn@ dolutegravir could be co-administered
with multivitamin supplements without therapeutdaptation. These results are supported by
Buchanaret al who showed that the pharmacokinetic parameteohftegravir were not
altered when it was dissolved in highly mineralizgdter [78]. However, case reports by
Kang-Birkenet al, showed that the combination of elvitegravir wattow dose of calcium (8
mg of elemental calcium per day) resulted in a el®ee in plasma concentration with
acquisition of resistance and virological failure two patients [79] and Robertt al.
described another patient who experienced virolddailure while receiving a raltegravir
containing antiretroviral regimen with concomitamalcium administration [45]. A

retrospective study of 152 patients treated withisINall molecules combined) and
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simultaneously receiving polyvalent cations andfwultivitamin supplements showed that
virological failure was observed in 46 (13%) patseri5%, 11% and 18% respectively with
dolutegravir, elvitegravir and raltegravir [80].tRats taking polyvalent cation had 2.3 times
the risk of treatment failure compared to patiemthiout supplementation with any cation or
multivitamin supplements [80]. To our knowledgegrh is no described interaction between
minerals and other ARV classes.

To mitigate the interaction between some INIs andenals, it may be recommended that
they be administered simultaneously with food ascdbed above for dolutegravir and
calcium, magnesium, iron, zinc or multivitamin slgpents [70,71]. Bictegravir and
supplements containing calcium or iron should Heertatogether with food [47]. Indeed,
routine administration of bictegravir under fastiognditions simultaneously with, or two
hours after, supplements containing calcium or ionot recommended [47]. However, this
is not necessary for all INIs. The bioavailabilkitiyelvitegravir is significantly increased when
taken with a meal. However, low doses of calciunnsed virological failure even when taken
with meal [79]. So it can be assumed that takingiih a meal is not sufficient to overcome
the interaction. Moreover, raltegravir taken withmeeal alters the pharmacokinetics in a
variable and unpredictable way [81].

It is important to note differences between ral@grand high-dose raltegravir with respect to
calcium interactions. Thus, coadministration of @2g raltegravir once a day concomitantly
with a calcium carbonate antacid (1000 mg) resuhietbecreased raltegravir Cmax, AUG,C
of 74%, 72%, 48%, respectively [82]. When calciuatbonate was administered 12 hours
after raltegravir, a decrease in Cmax, AUC angdf 2%, 10% and 57%, respectively, was
observed. This may be explained by the fact thatniajority of the dose of raltegravir is
absorbed more than 12 hours after administratiotes& soluble raltegravir complex forms

with calcium and is therefore not absorbed. Thasniaistration of 400 mg of raltegravir
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twice daily in the presence of calcium did not shamy clinically significant interaction.

Therefore, coadministration of calcium with highsdaaltegravir is not recommended.

6. Interactions between ARVs and various food supplenms

The risks of interaction between various compoym@sent in food supplements and ARVs
are poorly documented.o our knowledge, only quercetin has been showeta source of
interaction. It can inhibit the activity of diffemé cytochromes including CYP 2C9, 2D6, 3A
and P-gp in patients receiving saquinavir 1200 innge times daily (in 200 mg capsules) with
food on days 1-11, and quercetin 500 mg (in cag¥uleee times daily on days 4-11 [83].
However, no clinical interactions have been regblkietween quercetin and ARVs. One study
did not find any change in the pharmacokinetic peri@rs of saquinavir in ten patients [83].
However, since Pls are generally used with pote¥iP&A4 inhibitors to boost them, a
clinically significant effect of quercetin is unéky with this ARV class.

These associations between quercetin and ARV suestof cytochromes should therefore be

noted and the control of ARV efficacy and toleraace indicated in concerned patients.

7. Interactions between ARVs and protein supplementsof muscle building

Products concerned are generally concentrated iprobéxtures with varying levels of
purification and concentration. Whey protein, oridh@ most popular, is a protein derived
from bovine whey. Supplements used in the contéxnhwoscle building usually contain at
least 80% protein and may contain corticosteradsatine and multivitamins. These types of
supplements can be hepatotoxic [84] and shouldvb&led in patients with liver disease or
treated with hepatotoxic ARVs (e.g. efavirenz, ngpine, tipranavir, ritonavir, indinavir,
atazanavir, didanosine, stavudine). The impactrofgn supplements on renal function has
always been controversial but does not appeardatively affect kidney function in healthy

adults [85]. Finally, a potential interaction witlephrotoxic ARVs such as tenofovir could be
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suspected in people taking creatine with a histofykidney disease or those taking
nephrotoxic drugs, due to an increased risk oflrdysfunction [86]. This association should

be avoided or the renal function should be monitdcereduce potential adverse effects.

8. Conclusion

ARVs have progressed significantly with simplifiet@atment regimens and a better safety
profile. However, the combination of several ARV Ipmules remains the most common
treatment regimen, which increases the risk ofrawiion in the event of associated self-
medication. Drug interactions with a significanhaal impact, i.e. likely to cause or increase
adverse reactions or reduce the effectivenesseatnrents, should be taken into account.
Knowledge of the pharmacology and pharmacokineticghe different ARV molecules
allows anticipation of the risk of interactions.

Many pharmacokinetic interactions involve enzymed metabolism transporters. However,
for the same drug combination, several enzymes lmeaiyvolved and it is often difficult to
predict the effect of an interaction. In additiazenetic polymorphism that influences the
expression of enzymes and transporters adds mderidual variability in sensitivity to drug
interactions [87].

While the marketing authorization dossier for sae#dication medicinal products provides
information on their enzymatic profile and inteiantpotential, there is a lack of vivo data

on the use of herbal medicine products and fooglsugents in combination with ARVS.
PLWHAs should be systematically warned about thksrof self-medication and asked about
their practice of self-medication, including herbakdicine, vitamins, minerals and other
dietary supplements on a regular basis. This cbelgerformed during medical follow-up
consultation or by the pharmacist to avoid losABIV efficacy or an increase in adverse

events that could lead to poor medication adherenesen discontinuation of treatment.
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Tables

Table 1 — Description of potential interactions between antiretroviral drugs and herbal medicine

Plants ARVs Interaction mechanisms Recommendations Nature of References
interaction
Bitter orange NNRTIs, elvitegravir Inhibition of intestinal CYP3A4 Risk of increasing the  Use with [88]
(Citrus aurantium) abacavir, tenofovir, Inhibition of P-gp bioavailability of caution
indinavir, raltegravir drugs.
Pls, efavirenz, Inhibition of CYP3A4 and P-gp Patients should be
dolutegravir, bictegravir monitored for adverse
maraviroc effects.
Borage Efavirenz, etravirine, Hepatotoxicity of borage Liver function should  Use with [89]
(Borago officinalis) nevirapine, metabolites increased in be monitored. caution
fosamprenavir, combination with CYP3A4 inducers
tipranavir
Cancer bush Atazanavir Inhibition of CYP3A4, 3A5 and P-gp Risk of reducing the To be noted [90]
(Lessertia frutescens absorption and
or Sutherlandia bioavailability of
frutescens) ARVs. Patients should
be monitored for
plasma concentration
and viral load.
Cat’s claw Pls, delavirdine, Inhibition of CYP3A4 Risk of increasingthe  To be noted [91,92]

(Uncaria guianensis,
U. tomentosa)

efavirenz, etravirine,
nevirapine, elvitegravir,

levels of ARVs.
Patients should be



dolutegravir

monitored for adverse

effects.
Cranberry Nevirapine, rilpivirine, Inhibition of CYP3A4 Risk of increasingthe  To be noted [93]
(Vaccinium doravirine, elvitegravir levels of ARVs.
macrocarpon) Abacavir, tenofovir, Inhibition of P-gp Patients should be
raltegravir monitored for adverse
Pls, efavirenz, Inhibition of CYP3A4 and P-gp effects.
dolutegravir, bictegravir,
maraviroc
Etravirine Inhibition of CYP 3A4 and 2C9
Echinacea (Echinacea Pls, efavirenz, Inhibition of CP3A4 in the intestine Unpredictable effect To be noted [94]
purpurea) nevirapine, rilpivirine, and induction in the liver. on ARV plasma levels
doravirine, dolutegravir, and risk of increasing
elvitegravir, bictegravir, viral load. Patients
maraviroc should be monitored
for viral load and
adverse effects.
Marginal effect in the presence of a [51,95]
booster.
No clinically significant interaction [96]
with etravirine
Evening primrose oil Pls, delavirdine, Inhibition of CYP3A4 and CYP2D6 Risk of increasingthe  To be noted [92,97]

efavirenz, etravirine,
nevirapine, elvitegravir,
dolutegravir

levels of ARVs.
Patients should be
monitored for adverse
effects.




Garlic (Allium Abacavir, tenofovir, Induction of intestinal P-gp and CYP Risk of reducing the Use with [26—-30]
sativum) INSTIs, NNRTIs, Pls, 3A4 absorption and caution
maraviroc bioavailability of ARVs.
Patients should be
monitored for plasma
concentration and viral
load.
Ginkgo Nevirapine, rilpivirine, Effect on CYP3A4 (induction or Unpredictable effect Use with [43]
(Ginkgo biloba) doravirine, elvitegravir, inhibition) on ARV plasma levels. caution with [98]
Abacavir, Tenofovir Effect on P-gp Patients should be Efavirenz [46]
No in vivo effect on raltegravir monitored for plasma To be noted [99]
Pls, efavirenz, Effect on CYP3A4 and P-gp concentration of ARVs for other ARVs
dolutegravir, bictegravir, (inhibition or induction). and adverse effects. [100]
maraviroc Metabolism-inducing effect leading
to virological failure showed with
efavirenz in two clinical cases
Indinavir Effect on CYP 3A4 and inhibition of
CYP 2D6
Etravirine Effect on CYP 3A4 and inhibition of
CYP 2C9
Ginseng Pls used without Inductive or inhibitory effect on Unpredictable effect To be noted [101]
(Panax ginseng) booster, NNRTIs, CYP3A4 depending on the on ARV plasma levels. [102]
maraviroc, dolutegravir, = composition of gensenosides. Patients should be [103]
elvitegravir, bictegravir Marginal effect without impact on monitored to prevent [104]

the kinetics of antiretrovirals in the
presence of a booster

treatment failure or
adverse effects.




Goji (Lycium Etravirine Inhibition of CYP2C9 Risk of increasing the  To be noted [105]
barbarum, L. levels of ARV. Patients
chinense) should be monitored
for adverse effects.
Goldenseal NNRTIs, Pls (except Inhibition of intestinal CYP3A4 Risk of increasingthe  To be noted [106]
(Hydrastis indinavir), dolutegravir, levels of ARVs. [107]
canadensis) elvitegravir, bictegravir, Patients should be [63]
maraviroc monitored for adverse [108]
Cobicistat, ritonavir, Inhibition of CYP 3A4 and 2D6 effects. [109]
indinavir
Etravirine Inhibition of CYP 3A4 and 2C9
Grapefruit (Citrus Pls, NNRTIs, elvitegravir, Inhibition of CYP 3A4 and P-gp Risk of increasing the  Use with [36,37,40,1
pardis, citrus bictegravir, dolutegravir, absorption and caution 10]
maxima) maraviroc bioavailability of
ARVs. Patients should
reduce or avoid the
consumption of
grapefruit and be
monitored for adverse
effects
Green tea NNRTIs, Pls, dolutegravir, Inhibition of CYP3A4 Risk of increasing the  To be noted [111]
(Camellia sinensis) elvitegravir, bictegravir, levels of ARVs. [112]

maraviroc

Efavirenz, nevirapine

Inhibition of CYP 3A4 and 2B6

Patients should be
monitored for adverse
effects.




Harpagophyton Nevirapine, rilpivirine, Inhibition of CYP3A4 Risk of increasing the  To be noted [113]
(Harpagophytum doravirine, elvitegravir levels of ARVs. [114]
procumbens) Abacavir, tenofovir, Inhibition of P-gp Patients should be

raltegravir monitored for adverse

Pls, efavirenz, Inhibition of CYP3A4 and P-gp effects.

dolutegravir, bictegravir,

maraviroc

Ritonavir, cobicistat, Inhibition of CYP 3A4 and 2D6

indinavir

Etravirine Inhibition of CYP 3A4, 2C9 and 2C19
Horse chestnut Risk of increasing the
(Aesculus NNRTIs, elvitegravir Inhibition of CYP3A4 levels of ARVs. To be noted [98]
hippocastanum) Abacavir, tenofovir, Inhibition of P-gp Patients should be

indinavir, raltegravir monitored for adverse

Pls, efavirenz, Inhibition of CYP3A4 and P-gp effects.

dolutegravir, bictegravir,

maraviroc
Horsetail Lamivudine, zidovudine,  Inhibition of CYP1A2 and CYP2D6 Risk of increasing viral To be noted [115]
(Equisetum arvense) efavirenz, emtricitabine, load. Patients should

tenofovir, be monitored for viral

load.

Moringa Nevirapine, efavirenz Inhibition of CYP3A4, 1A2, 2D6 Risk of increasing the  To be noted [116]

(Moringa oleifera)

levels of
antiretroviral.
Patients should be
monitored for plasma




concentration of ARVs
and adverse effects.

Milk thistle Etravirine Inhibition of CYP2C9 Risk of increasingthe  To be noted [117]
(Silybum marianum) levels of ARVs.
Patients should be
monitored for adverse
effects.
Red rice yeast Pls, CYP3A4 and P-gp inhibitors increase Do not combine due Contra- [31-34]
(Monascus elvitegravir/cobicistat myotoxicity and hepatotoxicity of to the risk of indicated
purpureus) red rice yeast myotoxicity and
hepatotoxicity
Efavirenz, nevirapine Cumulative hepatotoxicity Liver function should  Use with
be monitored. caution
Red vine Pls, NNRTIs, dolutegravir, Inhibition of CYP 2C9, 2D6 and 3A4 Risk of increasingthe  To be noted [102]
(Vitis vinifera) elvitegravir, bictegravir, levels of ARVs.
maraviroc Patients should be
monitored for adverse
effects.
Saw palmetto NNRTIs, Pls, dolutegravir, Inhibition of CYP3A4 Risk of increasingthe  To be noted [23]
(Serenoa repens) elvitegravir, bictegravir, levels of ARVs. [43]
maraviroc Patients should be
Cobicistat, ritonavir, Inhibition of CYP 3A4 and 2D6 monitored for adverse
indinavir effects.
Etravirine Inhibition des CYP 3A4 and 2C9
Spirulina Etravirine Inhibition of CYP2C9 Risk of increasing the  To be noted [118]

(Arthrospira

level of ARVs. Patients




platensis) should be monitored
for adverse effects.
St. John's wort PI, NNRTIs, dolutegravir, Induction of CYP 3A4 and P-gp Do not combine due Contra- [22,24,25,1
(Hypericum bictegravir, to risk of reducing indicated 10]
perforatum) elvitegravir/cobicistat, plasma concentration
ritonavir, maraviroc with treatment
failure.
Sweet orange Saquinavir, lopinavir, Inhibition of the OATP1A2 Risk of decreased ARV  Use with [41]
(Citrus sinensis) darunavir transporter allowing intestinal uptake. Patients caution [42]
absorption of substrate drugs for should be monitored
four hours for plasma
concentration and
viral load/CD4.
Turmeric Indinavir, ritonavir, Concentration dependent inhibition  Risk of increasing the  To be noted [119]
(Curcuma longa) cobicistat of CYP2D6 level of ARVs. Patients
NNRTIs, Pls (except Inhibition of intestinal CYP3A4 should be monitored [120]
indinavir), dolutegravir, for adverse effects.
elvitegravir, bictegravir,
cobicistat
Valerian NNRTIs, elvitegravir Inhibition of CYP3A4 Risk of increasing the  To be noted [121]
(Valeriana officinalis)  abacavir, tenofovir, Inhibition of P-gp level of ARVs. Patients
raltegravir should be monitored
Pls, efavirenz, Inhibition of CYP3A4 and P-gp for adverse effects.
dolutegravir, bictegravir,
maraviroc
Wintergreen Tenofovir Cumulative renal toxicity with Renal function should  To be noted [122]




(Gaultheria salicylated derivatives due to their be monitored.
procumbens) non-steroidal anti-inflammatory
action

ARVs, antiretroviral drugs; NNRTIs, non-nucleoside reverse transcriptase inhibitors; Pls, protease inhibitors; INls, integrase inhibitors.



Table 2 — Interactions between antiretroviral drugs and minerals
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Calcium

Iron

Magnesium

Manganese

Zinc

|:| No interaction - Use with caution INIs, Integrase inhibitors; HD : High Dose
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