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FORMULATION AND METHOD FOR 
INCREASING ORAL BIOAVAILABILITY OF 

DRUGS 

FIELD OF THE INVENTION 

[0001] The present invention pertains to a formulation and 
method for increasing the oral bioavailability of drugs by 
utilizing advanced pro-nano lipospheres (PNL) and PNL 
incorporating piperine. 

BACKGROUND OF THE INVENTION 

[0002] Many dispersion systems are currently in use as, or 
being explored for use as carriers of substances, particularly 
biologically active compounds. These systems are designed 
to protect the sub stance from the environment during delivery 
and to provide a controlled release of the substance to a 
targeted area. In some cases, the goal is to target speci?c sites 
in the body using the dispersion. In other cases, the goal is to 
prepare a drug carrier system that acts as a reservoir at the site 
of injection. Dispersion systems used for pharmaceutical and 
cosmetic formulations can be categorized as either suspen 
sions or particles ranging in size from a few nanometers up to 
hundreds of microns, dispersed in an aqueous or non-aqueous 
medium using suspending agents. Solid particles include 
microspheres, microcapsules, nanoparticles and nano 
spheres. 
[0003] One of the in situ methods of preparation of lipo 
spheres with a particle size below 100 nanometers was devel 
oped by using a dispersible pre-concentrate system [1]. This 
delivery system, termed pro-nanoliposphere (LIPO 
SPHERES), is based on a solution containing a drug, a trig 
lyceride, a phospholipid and other additives, in a mixture of 
common surfactants, and an organic solvent that is miscible 
with all components. This solution spontaneously forms 
nanoparticles when in an aqueous media, and even in vivo, 
e.g., the upper GI lumen content. 
[0004] Us. Pat. No. 7,919,113 [2] discloses dispersible 
concentrate preparations (nano-lipospheres) for the solubili 
zation of lipophilic drugs to enhance the bioavailability of 
water insoluble drugs. 
[0005] When given orally, a drug is absorbed into the 
enterocyte monolayer in the basolateral side of the intestine, 
where it can undergo metabolism and/or e?qu back into the 
lumen by trans-membranal transporters. From the apical side 
of the entrocytes the drug is delivered via the portal vein to the 
liver and thereafter into the systemic blood circulation. Bio 
availability is de?ned as the fraction of an administered dose 
of unchanged drug that reaches the systemic circulation. By 
de?nition, when a medication is administered intravenously, 
its bioavailability is 100%. 
[0006] Research in the ?eld of drug absorption has focused 
on ways to increase drug e?icacy by increasing drug absorp 
tion. To this end, methods have been used to increase drug 
absorption using liposomes as carriers and by designing more 
lipophilic drugs. However, these methods have not been suc 
cessful in circumventing liver biotransformation and biliary 
secretion of drugs. 
[0007] Thus, when a medication is orally administered, its 
bioavailability generally decreases due to incomplete absorp 
tion and ?rst-pass metabolism and also may vary from patient 
to patient. Bioavailability is one of the essential tools in 
pharmacokinetics, as it must be considered when calculating 
dosages for none intravenous routes of administration. 
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[0008] Despite the great advancements in the area of vari 
ous drug delivery systems such as nano-lipospheres, many 
drugs are prone to poor oral bioavailability due to biological 
barriers at the enterocyte level, termed “intestinal ?rst pass 
metabolism”. These biological processes include Phase I 
metabolism, namely oxidative enzymes, and Phase II 
metabolism including conjugation, sulphation and glucu 
ronidation by intestinal enzymes. In addition, the poor oral 
bioavailability is attributed to ef?ux transporters e.g. perme 
ability-glycoprotein (P-gp) at the enterocyte luminal mem 
brane [3]. 
[0009] P-gp can e?qu out a variety of drugs from cells 
which ultimately lead to unsuccessful drug therapy. It also 
affects various pharmacokinetic parameters of drugs, such as 
P-gp substrates like absorption, distribution, metabolism and 
excretion from the body which leads to modi?ed bioavailabil 
ity and possible adverse drug reactions. Thus, it is believed 
that the P-glycoprotein ef?ux pump prevents certain pharma 
ceutical compounds from transversing the mucosal cells of 
the small intestine and, therefore, from being absorbed into 
the systemic circulation. 
[0010] Knowledge of the approaches to circumvent P-gp 
ef?ux pump is critical for targeted drug therapy and formu 
lation design and development of dosage forms. It is estab 
lished that drugs and excipients interact with P-gp in a com 
plicated procedure and information of its mechanism of 
interaction are still unclear. 
[0011] While there are several methods to inhibit metabolic 
and e?qu processes by pharmacological agents, there are 
limited pharmaceutical solutions to overcome this problem. 
Much more dif?cult is the case of Phase II metabolism, where 
there are currently no effective technologies that control this 
biological process in the clinical setting. 
[0012] Piperine is an alkaloid responsible for the pungency 
of black pepper (Piper nigrum), and long pepper (Piper lon 
gum), along with chavicine (an isomer of piperine). The 
active compound in both Piper longum and Piper nigrum is 
piperine (1-piperoyl piperidine), which has been shown to 
possess bioavailability enhancing activity with various struc 
turally and therapeutically diverse drugs. It has been found 
that piperine bioavailability-enhancing property may be 
attributed to increased absorption, which may be due to alter 
ation in membrane lipid dynamics and change in the confor 
mation of enzymes in the intestine [4]. 
[0013] Kulkami S K, et al., [5] examined the antidepressant 
effect of curcumin with piperine and concluded that the com 
bination of piperine (2.5 mg/kg, i.p., 21 days), with curcumin 
(20 and 40 mg/kg, i.p.) showed signi?cant potentiation of its 
anti-immobility, neurotransmitter enhancing and monoamine 
oxidase inhibitory (MAO-A) effects as compared to the effect 
curcumin alone. 
[0014] Pattanaik S, et al., [6] examined the effect of simul 
taneous administration of piperine (20 mg, p.o.) on plasma 
concentration of carbamazepine (300 mg or 500 mg), twice 
daily, in epileptic patients and found that piperine signi? 
cantly increased the mean plasma concentrations of carbam 
azepine in both dose groups. 
[0015] Us. Pat. No. 5,439,891 [7] discloses that the active 
constituent of Piper longum and Piper nigrum, piperine, was 
shown to increase bio-availability of certain anti-tubercular 
and anti-leprosy drugs like rifampicin, isoniazid, pyrazina 
mide, ethambutol and dapsone. 
[0016] Us. Pat. No. 5,616,593 [8] discloses use ofpiperine 
to improve bioavailability of substances used to treat disease 
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of cardiovascular system, central nervous system, gas 
trointestinal treatment or hemopoetic system. 
[0017] US. Pat. No. 5,536,506 [9] and US. Pat. No. 5,972, 
382 [10] disclose compositions and methods for the improve 
ment of gastrointestinal absorption and systemic utilization 
of nutrients and nutritional supplements, Wherein the compo 
sitions comprise a minimum of 98 percent of pure alkaloid 
piperine. 
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SUMMARY OF THE INVENTION 

[0029] The present invention is concerned With optimiza 
tion of drug bioavailability. It is the purpose of the present 
application to provide a superior nano-particulate formula 
tion, e.g., delivery system, for enhancing the oral bioavail 
ability of a broad range of drugs, having a loW oral bioavail 
ability, by combining its administration With pro-nano 
lipospheres (PNLs) or With PNL loaded piperine (herein 
referred to in short as piperine-PNL). The PNL or piperine 
PNL technology enhances the oral bioavailability of drugs, in 
particular lipophilic drugs, Which bioavailability is limited 
not only due to Phase I metabolism and/ or P-gp ef?ux but also 
due to direct Phase II metabolism in the intestine. 
[0030] The inventors of the present invention have devel 
oped a PNL and piperine-PNL systems that has multiple 
concerted productive activities that altogether synergistically 
enhances bioavailability of poor bioavailable drugs and 
results in more stable, and less variable, absorption of the 
drugs from the gastrointestinal tract and thereby also to a 
reduction of the required dose of the drug. 
[0031] The development of piperine-PNL is based on a 
PNL pro-nano-dispersion system Which employs an orally 
administered mixture of lipids, surfactants and co-solvent, 
herein referred to as a “dispersible concentrate”. This con 
centrate may be administered orally in combination With an 
active agent Which is administered either Within the pro 
nanodispersion formulation or provided shortly before or 
after the administration of the PNL dosage unit (e.g. soft 
gelatin capsule). Thus, When reaching the aqueous phase of 
the gastro intestinal (GI) tract, the PNL is released and spon 
taneously forms drug encapsulated nano-particles With a par 
ticle diameter of 500 nm or less. 

[0032] The piperine-PNL utilizes this concept and in a syn 
ergistic manner With piperine, a natural food derived compo 
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nent and adds to the absorption enhancement properties of the 
PNL disclosed in US. Pat. No. 7,919,113 [2], herein incor 
porated by reference. 
[0033] Furthermore, due to piperine’s poor aqueous solu 
bility and fairly good lipid solubility, it can be readily incor 
porated into the lipid PNL core. Incorporating piperine into 
PNL presents an opportunity to manipulate the critical sys 
tems accounted for the marked ?rst pass effect of various 
drugs (e.g. cannabidiol and tetrahydrocannabinol). The incor 
poration of piperine increases the piperine’s concentration 
that reaches the intestine and the liver, and potentially com 
petitively inhibits the drugs’ metabolism in those metabolic 
sites. As a result the oral bioavailability of the various drugs 
could be further enhanced as compared to the administration 
of the drugs in PNL not containing piperine. 
[0034] As known to a person of skill in the art, the increase 
in drug bioavailability is de?ned as an increase in the Area 
Under the Curve (AUC); being the integrated measure of 
systemic drug concentrations over time, in units of mass 
time/volume. The AUC from time zero (the time of dosing) to 
time in?nity (When no drug remains in the body) folloWing 
the administration of a drug dose is a measure of the exposure 
of the patient to the drug. 
[0035] The inventors of the present invention have surpris 
ingly found that administration of cannabidiol (CBD) in pip 
erine-PNLs resulted in signi?cantly higher oral relative bio 
availability in comparison to administration of cannabidiol in 
PNLs Without piperine. Oral administration of CBD-pip 
erine-PNL resulted in signi?cantly higher AUC and Cm“ 
values by 5 fold and 15 fold, respectively, as compared to 
control, (as further described hereinbelow) attesting to the 
increase in the oral bioavailability of drugs that is attributed to 
the piperine-PNLs system of the present invention. 
[0036] Thus, in one aspect of the present invention, there is 
provided a composition (formulation or a drug delivery sys 
tem) for oral administration of at least one drug, said compo 
sition comprising: 

[0037] a) a dispersible concentrate, characterized by 
being capable of forming, upon contact With an aqueous 
solution, particles of a size of less than about 500 nm, 
said dispersible concentrate comprising: 
[0038] (i) at least one surfactant; 
[0039] (ii) at least one solid component at room tem 

perature; and 
[0040] (iii) an amphiphilic solvent; 

[0041] b) an amount of at least one piperine, piperine 
analog or isomer thereof, e.g., in an amount su?icient to 
increase the bioavailability of said composition. 

[0042] The “dispersible concentrate” is a composition 
Which spontaneously forms a nano-particulate dispersion in 
an aqueous medium, for example in water upon dilution, or in 
the gastric juices after oral administration. The “dispersible 
concentrate” includes those compositions that form solid par 
ticles having a mean diameter of less than about 500 nm upon 
contact With an aqueous medium. 

[0043] The “aqueous medium,” refers to a water based 
medium, i.e., a liquid medium in Which water is the major 
component. In accordance With the present invention, the 
aqueous medium may be the digestive ?uid formed in the 
stomach (e.g., gastric ?uid formed by cells lining the stom 
ach), GI tract ?uids or any liquid medium, in vivo or ex vivo 
in Which the herein de?ned dispersible concentrate is dis 
solved. 
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[0044] The “surfactant” is any amphiphilic compound gen 
erally recognized in the art as having surface active qualities. 
Surfactants generally include anionic, cationic, nonionic, and 
zwitterionic compounds, as further described herein. In some 
embodiments, the surfactant is a combination of at least one 
high HLB (hydrophilic/lipophilic balance) surfactant having 
an HLB of at least about 8, with at least one surfactant being 
a low HLB surfactant having an HLB of less than about 5. 

[0045] In some embodiments, the surfactant is selected 
from polyoxyethylene, sorbitanmonolaurate, sorbitanmo 
nooleate and mixtures thereof. 
[0046] In other embodiments, the composition further 
comprises an ethoxylated fat and fatty compounds. Some 
non-limiting examples being selected from polyethylenegly 
col-hydrogenated castor oil (e.g. cremophor and cremophor 
RH). 
[0047] In still other embodiments, the composition further 
comprises a phospholipid selected from an egg phospholipid, 
a soy pho spholipid and lecithin of various grades and purities. 
[0048] In still yet other embodiments, the composition fur 
ther comprises a fatty acid ester, e. g., a fatty acid ester that is 
a solid fat at room temperature such as tricaprin. 

[0049] In some embodiments, the composition of the 
present invention is of a particle size that is less than about 
200 nm. 

[0050] In other embodiments, the composition is of a par 
ticle size that is less than about 100 nm. 

[0051] In still other embodiments, the composition is of a 
particle size that is less than about 50 nm. 
[0052] As used herein, the term “solid component” refers to 
solid materials that are solid at room temperature (de?ned 
herein as 25° Celcius) and that dissolve in the dispersible 
concentrate and which upon dispersion in aqueous medium 
becomes part of the formed solid nanoparticles. 
[0053] Some non-limiting examples of solid components, 
in accordance with the present invention include fatty acids, 
fatty amines and fatty alcohols or their respective esters or 
amides that melt at a temperature above 25° C.; polymers that 
are solids at 25° C., and para?ins and waxes that are solid at 
25° C. 

[0054] In some embodiments, the fatty acid esters are 
selected from mono-, di-, and triglycerides and fatty acid 
esters with long and short chain alcohols that are solids at 25° 
C. In other embodiments, the solid components are selected 
from tricaprin, trilaurin, trimyristine, tripalmitin, tristearin 
and mixtures thereof that are solids at 25° C. 

[0055] In still other embodiments, the solid components are 
compounds that solidify in situ upon dispersion in aqueous 
medium, e.g., partially or fully hydrogenated vegetable oil 
that are solid at 25° C. 

[0056] The “amphiphilic solvent” utilized in a composition 
of the invention is selected from lower alkyl (having between 
1 and 8 carbon atoms) esters of lactic acid, lower alkyl (having 
between 1 and 8 carbon atoms) lactone esters and N-meth 
ylpyrrolidone. Some non-limiting examples of lower alkyl 
esters include methyl, ethyl, propyl, isopropyl, butyl, hexyl, 
pentyl and octyl esters. 
[0057] In some embodiments, the amphiphilic solvent is 
selected from methyl lactate, ethyl lactate, propyl lactate, 
spironolactone and N-methylpyrrolidone. 
[0058] In some embodiments, the amphiphilic solvent is a 
combination of a lower alkyl ester of lactic acid with N-me 
thylpyrrolidone. 
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[0059] In some embodiments, the amphiphilic solvent 
comprises a combination of a solvents selected from the 
family of lower alkyl esters of lactic acid together with a 
solvent selected from the family of alkyl lactone esters or 
N-methylpyrrolidone. 
[0060] In other embodiments, the amphiphilic solvent is 
combined with a hydrophilic organic solvent such as ethylene 
glycol, glycofurol or PEG 400. 
[0061] As known, “Piperine” is (E,E)l-[5-(l,3-benzo 
dioxyl-5-yl)-l-oxo-2,4-pentadenyl]piperidine being the 
main constituent of many Piper species. In accordance with 
the present invention, piperine may be obtained commer 
cially or from a number of species of peppers from the Pip 
eraceae family (e.g., Piper nigrum, P. longum, P lubercula 
tum, P. hancei, P hispidum, P. relrofaclum, P. allenualum, P. 
genueense, P. chaba, P. auranliacum, P. aurilum, P cubeba, P. 
pellalum, P umbellalum andP myslhelicum. P nigrum). 
[0062] In some embodiments, piperine utilized in accor 
dance with the invention is obtained from Piper longum or 
Piper nigrum. 
[0063] In other embodiments, piperine utilized in accor 
dance with the invention is in pure form (e.g. piperine at a 
purity of >95%). 
[0064] In other embodiments, piperine is a piperine analog 
(e.g., derivatives in which the piperidine ring is substituted, 
e.g., by an amino group, or an ester group (e.g., C1_6 alkyl 
esters) of metabolites containing an OH group as described, 
for example in Koul S, et al. [1 l]. The piperine analogues may 
be synthetically obtained or produced from a natural source. 

[0065] In other embodiments, piperine is a piperine isomer 
(e.g. chavicine) In some embodiments, the amount of pip 
erine in the composition of the invention is in the range of 
about 0.1 to about 10 mg/kg body weight. 
[0066] In accordance with the present invention, the pip 
erine, piperine analog or isomer thereof may or may not be 
incorporated into the pro-nano lipospheres formed upon con 
tact of the dispersible concentrate with an aqueous solution 
and may also be partially incorporated into said lipospheres. 
[0067] The composition comprising piperine (and/or a pip 
erine analog or isomer thereof) and referred to in short as 
piperine-PNL is also related to hereinafter as an empty com 
position, as compared to a composition comprising a drug 
(described hereinbelow). 
[0068] The increase in drug bioavailability attributable to 
administration of the piperine, as described herein, can be 
determined by measuring total systemic drug concentrations 
over time after administration of a composition comprising 
piperine and the drug as compared to after administration of 
the drug alone, de?ned as an increase in the Area Under the 
Curve (AUC) as described hereinabove. 
[0069] Thus, when the piperine, piperine analog or isomer 
thereof are used in suf?cient amounts in the composition of 
the present invention, the activity of P-gp and Cytochrome 
P450 3A4 (abbreviated CYP3A4) is reduced. 
[0070] The suf?cient amounts of piperine, piperine analog 
or isomer thereof are the amounts necessary to elevate the 
systemic concentrations of the drug over time and can be 
determined by measuring total systemic drug concentrations 
as readily recognized by the skilled artesian. 
[0071] The increase in drug bioavailability achieved by the 
use of the composition of the invention and by practicing the 
methods described herein also results in reduction in inter 
individual and intra-individual variation in oral bioavailabil 










