
ORIGINAL RESEARCH ARTICLE

The Ameliorated Pharmacokinetics of VP-16 in Wistar Rats:
A Possible Role of P-Glycoprotein Inhibition by Pharmaceutical
Excipients

Naseem Akhtar1,4 • Abdul Ahad3 • Mohd Faiyaz Khan2 •

Ayman Allaham1
• Sushama Talegaonkar4

Published online: 25 March 2016

� Springer International Publishing Switzerland 2016

Abstract

Background and Objectives The selection of suit-

able functional excipients with low toxicity index and

having P-glycoprotein inhibitory characteristics represents

a major innovative step in designing a promising formu-

lation for oral chemotherapy. This study was aimed at

investigating the chemosensitizing effect of selected

pharmaceutical excipients to improve the in vivo pharma-

cokinetic performance of VP-16.

Methods The pharmaceutical excipients having P-glyco-

protein inhibitory activity were screened by shake flask

method for their VP-16 solubilization capacity. The cumu-

lative amount of VP-16 was determined with or without the

selected pharmaceutical excipients at three different con-

centrations (0.1 % w/v, 0.5 % w/v and 1 % w/v) by an

everted gut sac technique. Moreover, pharmacokinetic

studies were also performed to determine the oral bioavail-

ability assessment of VP-16 in albino male Wistar rats.

Results The absorptive transport from mucosal-to-serosal

(M ? S) and secretory transport from serosal-to-mucosal

(S ? M) for VP-16 solution over 90 min were found to be

(3.58 ± 0.32) 9 10-6 and (14.63 ± 3.11) 9 10-6 cm/s,

respectively, with a net efflux of 4.08. Addition of vera-

pamil (200 lM), a P-glycoprotein inhibitor, elevated the

transport fromM ? S [Papp from (3.58 ± 0.32) to (9.66 ±

1.55) 9 10–6 cm/s, p \ 0.05] and lowered the

S ? M [Papp from (14.63 ± 3.11) to (13.35 ± 2.01) 9

10–6 cm/s, p\0.01], with a net efflux of 1.38. The relative

bioavailability of VP-16 following oral administration

(4.5 mg/kg) in rats was increased significantly (p\ 0.01)

in presence of Labrasol micellar solution at a concentration

of 5 % (w/v) when compared with VP-16 solution alone.

Conclusion The findings suggest that pharmaceutical

excipients may be employed in the development of drug

delivery systems to improve the oral bioavailability of

drugs having low solubility and/or less permeability as a

result of substantial P-glycoprotein mediated efflux.

Key Points

Research showed that the pharmaceutical excipients

could be used as a chemosensitizer for P-gp substrate

agents with the advantages of increasing the

intestinal absorption of drugs secreted by a P-gp-

mediated efflux consequently enhancing oral

bioavailability.

The relative bioavailability of VP-16 following oral

administration in rats was significantly increased in

the presence of Labrasol micellar solution.

Our findings suggest that pharmaceutical excipients

may be employed in the development of drug delivery

systems to improve the oral bioavailability of drugs

having low solubility and/or less permeability as a

result of substantial P-gp mediated efflux.
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1 Introduction

The oral delivery of anticancer drugs presents a major

challenge in terms of advancement of cancer therapy

because they are both metabolized and actively expelled

from the intestine. Furthermore, insufficient aqueous sol-

ubility of these drugs makes their oral delivery extremely

challenging. One important chemotherapeutic drug, eto-

poside (VP-16) is poorly absorbed from the gastrointestinal

tract (GI) following oral administration, leading to a

reduction in clinical outcomes [1]. This drug is dynami-

cally pumped out from the intestinal wall by a transmem-

brane permeability glycoprotein (P-gp) and metabolized by

cytochrome P450, mainly cytochrome P450 3A4 that

affects its pharmacokinetic parameters [2]. The unfavor-

able physicochemical properties of VP-16 along with

adverse physiological barrier of the GI tract constitute

major challenges for successful oral delivery. The design of

effective formulation for P-gp substrate drugs has long

been a major challenge, because drug efficacy can be

severely limited by instability or insufficient solubility in

the vehicle. Consequently, more attention is now being

paid to pharmaceutical excipients as efflux pump inhibitors

in improving oral drug delivery [3–5]. Several pharma-

ceutical excipients are emerging as different classes of

P-gp inhibitors owing to many advantages including that

they are safe, not being absorbed from the gut and phar-

maceutically acceptable [6, 7]. The chemosensitizing

effects of such excipients were first proved when combined

with the active P-gp substrate molecule [8]. This was fol-

lowed by studies from Woodcock et al. [9] and since then

several pharmaceutical excipients [Tweens (20 & 80),

Spans, Cremophors (EL & RH 40), Labrasol, Transcutol-P,

vitamin-E TPGS, Solutol HS 15, and Gelucire] have been

investigated to inhibit P-gp-mediated efflux for different

chemotherapeutic agents [4, 5, 10]. The mechanisms by

which excipient inhibits P-gp activity varies with the

excipient types and their clinical implications are currently

unclear [11–15]. There are various mechanisms that can be

responsible for P-gp efflux pump inhibition including flu-

idization of the lipid membranes, inhibition of ATPase

activity resulting in ATP depletion and down regulating

P-gp expression [4, 5, 10]. Surfactants and solubilizing

excipients such as Labrasol, Tween 20, Tween 80, Solutol

HS-15, TPGS, enclose themselves between the lipophilic

tails of the bilayer membrane thereafter modifying the

hydrogen bonding and ionic forces of cell membranes

which may lead to improving the intestinal absorption of

P-gp substrates via both a paracellular and a transcellular

pathway [16]. Some surfactants such as pluronic and

polymers can further decrease the P-gp ATPase activity

and some of them act concurrently by both the

mechanisms. It was also observed that Lipid excipients

such as Gelucire and Peceol inhibit Protein kinase C

activity, reducing phosphorylation of P-gp due to their

capability of down regulating the MDR1 gene expression

[12]. Micellar solubilization with pharmaceutical excipients

is used as a potential alternative for solubilising hydrophobic

drugs in aqueous environments and therefore improving

their bioavailability. Mixed micelles have been reported to

bypass P-gp drug efflux since the drug accumulation was not

influenced by verapamil, a well-known P-gp inhibitor [17].

Two important parameters that also govern P-gp inhibitory

activity include hydrophilic–lipophilic balance (HLB) and

surfactant concentration. Concentrations that are non-toxic

to the intestinal mucosa are most commonly used to inhibit

P-gp. Non-ionic surfactants usually are better solubilizing

agents than ionic surfactants for hydrophobic drugs, because

of their lower criticalmicelle concentration (CMC) values. It

would be advantageous if such surfactants were more active

above the CMC, since they would provide dual action of

solubilizing hydrophobic substrates as well as inhibiting

efflux [14]. In certain cases, there is loss of the inhibitory

effect due to P-gp substrate entrapment in the micelles and

this effect increases until CMC is reached. In another sce-

nario, inhibitory effect increases even beyond CMC and this

could be attributed to the fact that drug could be entrapped in

micelles bypass P-gp-mediated efflux [18]. The selection of a

suitable functional excipient with low toxicity index and

having P-gp inhibitory characteristics represents a major

innovative step in designing a promising formulation for oral

chemotherapy. In the light of above discussion, the present

work aimed to investigate the chemosensitizing effect of

pharmaceutical excipients on feasibility of oral absorption of

VP-16 through in vitro and in vivo investigation.

2 Materials and methods

2.1 Materials

VP-16, received as a gift sample from Dabur Pharma

Limited (Ghaziabad, UP, India). Verapamil was purchased

from Sigma Aldrich (St. Louis, MO, USA). Solutol HS 15

was received from BASF (Mumbai, India). Gelucire 44/14,

Peceol, Transcutol-P and Labrasol were gifted (Gattefosse,

France) through Colorcon Asia (Mumbai, India). Solutol

HS 15, Cremophor EL were received from BASF (Mum-

bai, India). Tween 80, Poly ethylene glycol 400 (PEG-400)

and propylene glycol were procured from S.D. Fine

Chemicals Ltd. (Mumbai, India). Kreb’s ringer solution

(KRB): NaCl (7.0 g), KCl (0.35 g), CaCl2 (0.28 g),

MgSO4 (0.28 g), NaHCO3 (2.10 g), KH2PO4 (0.16 g) and

D-glucose (5.05 g) is dissolved in 1 L of distilled water.
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Other chemicals used were of HPLC or, analytical reagent

grades.

2.2 Animals

All animal studies were conducted according to the

guidelines of the Institutional Animal Ethics Committee

(IAEC) of the Jamia Hamdard (Hamdard University), New

Delhi. Wistar male albino rats (200–300 g) were obtained

from animal house of Jamia Hamdard and kept under

standard laboratory conditions, temperature at 25 ± 2 �C,
relative humidity (55 ± 5 %); were housed in polypropy-

lene cages with free access to standard laboratory diet

(Lipton feed, Mumbai, India) and water ad libitum. Rats

were fasted overnight prior to the experiment except free

access to water.

2.3 Solubility studies

A number of pharmaceutical excipients were screened by

shake flask method for their drug solubilization capacity.

For this, an excess amount of VP-16 was added to 2 mL of

pharmaceutical excipients namely Peceol, Labrasol, Solu-

tol HS 15, Gelucire, Cremophor EL, Tween 20, Tween 80,

polyethylene glycol 400 (PEG 400), Transcutol-P and

Propylene glycol and the mixture was stirred using a vortex

mixer (Nirmal International, Delhi, India). The mixtures

were kept at 25 ± 50 �C in an automatic shaking incubator

(Shel Lab, Ave Cornelius, Oregon, USA) for 48 h. The

samples were centrifuged at 3000 rpm for 15 min (REMI

International, Mumbai, India). The supernatant was sepa-

rated and filtered using 0.22 lm filter (Millipore USA).

The aliquots of the supernatant were diluted with methanol

and solubility was determined using RP-HPLC method

[19].

2.4 Bidirectional Transport Studies

VP-16 transport across rat ileum tissue was investigated by

method reported previously [20]. Briefly, ileum segment

was immediately removed, washed with cold KRB and

then gently mounted intact in modified Ussing chambers.

Ileum segment was then suspended in 50 mL of pre oxy-

genated KRB and 3 mL of KRB was placed in the serosal

compartment, pH 7.4 at 37 �C, under continuous supply.

After an incubation period of 30 min, for investigation of

the absorptive transport i.e., mucosal-to-serosal (M ? S),

KRB was replaced by VP-16 solution (100 lg/mL) on

mucosal side in 50 mL gassed with CO2/O2, 5/95 % at

37 ± 2 �C. The transport of VP-16 in presence and

absence of selected excipients at three different concen-

trations (0.1, 0.5 and 1 %) was investigated. For investi-

gation of serosal-to-mucosal (S ? M) transport, the test

solutions were placed on the serosal side i.e., without

inversion of ileum. The transport of VP-16 solution from,

M ? S and S ? M transport was also investigated in the

presence of a known P glycoprotein inhibitor, verapamil

(200 lM). The aliquots (0.5 mL) of samples were col-

lected at 30 min intervals up to 120 min and replaced by

the same volume of KRB solution. The samples collected

from each time point were stored at -20 �C until ana-

lyzed by HPLC method for the estimation of apparent

permeability coefficient (Papp). The cumulative amount

of VP-16 permeated was plotted as a function of time for

VP-16 solution alone and in the presence of pharmaceu-

tical excipients.

The transepithelial Papp was calculated from the linear

slope of the plot using the following equation (Eq. 1):

Papp ¼ dQ

dT

� �
Co � A ð1Þ

where, Papp: transepithelial apparent permeability coeffi-

cient (cm/s), dQ/dT: the cumulative amount of drug

(Q) appearing in the acceptor side as a function of time,

and was obtained from the slope of the linear portion of the

amount transported-versus-time plot.

Co: the initial concentration of substrate in the donor

chamber (lg/mL)

A surface area of the intestine in (cm2)

The efflux ratio (ER) was used to evaluate the function

of P-gp, using the following equation (Eq. 2):

Efflux ratio ¼ Papp
S ! M

M ! S
ð2Þ

where, Papp S ? M is the intestinal apparent permeability

coefficient from serosal-to-mucosal side and Papp

M ? S is the intestinal apparent permeability coefficient

from mucosal-to-serosal side.

2.5 Pharmacokinetic studies

Adult wistar male albino rats (200–250 g) were fasted

overnight prior to the experiment except for free access to

water. Twenty-four rats were allocated into four groups

(n = 6) at random before the experiments. In group I,

animals were orally administered VP-16 suspension in

0.25 % w/v sodium carboxymethyl cellulose, while ani-

mals in groups II, III &IV received VP-16 solution dis-

solved in Labrasol at 1, 5 and 10 % w/v concentrations,

respectively. Dose for the rats was calculated based on the

body weight of rats according to the surface area ratio. To

convert the dose used in humans to a dose based on surface

area for rats, multiply by the Km factor [21]. Oral dose is

equivalent to 50 mg for adult human being (70 kg) and rat

dose equivalent can be more appropriately calculated using

the following equation (Eq. 3):
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Rat dose
mg

kg

� �
¼ Human equivalent dose

mg

kg

� �

� Human Km

Rat Km
Þ

ð3Þ

where, Km is factor for converting mg/kg dose to mg/

m2dose. The Km factor is not constant for any species, but

increases as body weight increases. For example, the Km

value in rats varies from 5.2 for a 100 g rat to 7.0 for 250 g

rats [22]. Therefore, the dose of VP-16 4.5 mg/kg which is

equivalent to VP-16 50 mg for adult human being was

administered to rats (Eq. 3). Average weight of each rat in

this group was 230 g, therefore, dose of VP-16 for each rat

will be 1.035 mg (4.5 mg/kg weight of rat). 5 mg of VP-16

was exactly weighed and mixed with 3 mL of double

distilled water (1.67 mg/mL). Thus, each rat in this group

was given 620 lL (1.035 mg in 620 lL) using oral feeding

gavage. The rats were anesthetized using ether and blood

samples (approximately 0.5 mL) were withdrawn from the

retro-orbital plexus of rat at 0 (pre-dose), 25, 50, 75, 100,

125, 150, 175, 200, 225, 250 min and collected in eppen-

dorf tube containing saturated solution of disodium

ethylenediaminetetraacetic acid as an anticoagulant. The

blood samples were mixed thoroughly with anticoagulant

solution to prevent blood clotting and centrifuged at

4000 rpm for 15 min. The supernatant plasma was sepa-

rated and stored at -20 �C until HPLC analysis was car-

ried out.

2.6 HPLC Analysis

The analysis of VP-16 samples were carried out in a

Waters Alliance e 2695 separating module (Waters Co.,

Milford, MA, USA) using photo diode array detector

(waters 2998) fitted with an autosampler as described

previously [19]. The instrument was controlled by the use

of empower software installed with equipment for data

collection and acquisition. Separation of VP-16 was carried

out using LiChrospher 100 C18 reverse-phase column

(250 mm 9 4.6 mm i.d., 5 lm particle size) at an ambient

temperature (25 ± 2 �C). The mobile phase containing a

mixture of acetonitrile and phosphate buffer saline (55:45),

was pumped at a flow rate of 1.0 mL/min. The mobile

phase was filtered through a 0.22 lm nylon filter prior to

use. The regression equation for the calibration plot was

y = 20903x ? 739.47 (n = 3; detection at 283 nm). The

intra-day precision was found to be B1.581 % (n = 6) and

inter-day precision over three different days was calculated

as B2.113 % (n = 6). Intra-day and inter-day accuracy

were found to be 98.00–100.07 and 97.00–100.12 %,

respectively. The limits of detection (LOD) and quantita-

tion (LOQ) were calculated by the method based on the

standard deviation (r) of the responses for blank samples in

triplicate and the slope (S) of the calibration plot, by use of

the formulae LOD = 3.3r/S and LOQ = 10 r/S. The LOD
and LOQ were found to be 4.7 and 11.6 ng mL-1,

respectively.

2.7 Calculations and Statistical Analysis

Pharmacokinetic parameters were determined using phar-

macokinetic software (PK solver function for Microsoft

Excel, Pharsight Corporation Mountain View, CA, USA).

Pharmacokinetic parameters such as maximum plasma

concentration (Cmax), time of peak concentration (Tmax),

and area under the concentration time curve until last

observation (AUC0?250min) were calculated individually

for each subject in the group and the values were expressed

as mean ± SD. Pharmacokinetic data among different test

formulations were compared for statistical significance by

the one-way ANOVA followed by Tukey–Kramer multiple

comparisons test using GraphPad Instat software (Graph-

Pad Software Inc., CA, USA). The relative bioavailability

was calculated using the following equation (Eq. 4):

Relative bioavailability %ð Þ ¼ AUCðtestÞ
AUCðreferenceÞ � 100

ð4Þ

A p value\ 0.05 was considered statistically significant.

All data are presented as mean value ± SD

3 Results

3.1 Effect of Pharmaceutical Excipients

on Solubility

The solubility of VP-16 was found to be 136.5 ± 2.67 and

126.7 ± 2.87 mg/mL in Solutol HS 15 and in Labrasol,

respectively. The lowest solubility of VP-16 was found in

Peceol and Gelucire was 7.4 ± 2.87 and 10.6 mg/mL,

respectively (Fig. 1).

3.2 Bidirectional Transport Studies

The absorptive (M ? S) and secretory (S ? M) transport of

VP-16 in the presence of three different concentrations (0.1,

0.5 and 1 %) of the P-gp modulating excipients i.e.,

Solutol HS-15, Labrasol and Transcutol-P are shown in

Table 1. The absorptive permeability from (M ? S) and

secretory (S ? M) for VP-16 drug solution transport over

90 min were found to be (3.58 ± 0.32) 9 10-6 and

(14.63 ± 3.11) 9 10-6 cm/s, respectively, giving a net ER

of 4.08 (Eqs. 1, 2). The absorptive permeability of VP-16

solution was significantly (Dunnett test: p\ 0.05) increased

from (3.58 ± 0.32) 9 10-6 to (9.66 ± 1.55) 9 10-6 cm/s
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Fig. 1 Solubility of VP-16 using different pharmaceutical excipients (mean ± SD)

Table 1 Apparent permeability coefficients (Papp) of VP-16 transport (mean ± SD)

Test compounds Papp (cm/s) 9 10-6 (M ? S) Papp (cm/s) 9 10-6 (S ? M) Enhancement ratio ERa

Control (100 lg/mL) 3.58 ± 0.32 14.63 ± 3.11 – 4.08

?Verapamil (200 lM) 9.66 ± 1.55 13.35 ± 2.01 2.91 1.38

?Solutol HS 15

0.1 % (w/v) 5.12 ± 1.55 13.87 ± 2.34 1.61 2.70

0.5 % (w/v) 5.85 ± 2.34 13.72 ± 1.52 1.83 2.34

1.0 % (w/v) 6.48 ± 3.22 13.54 ± 3.15 2.03 2.08

?Labrasol

0.1 % (w/v) 8.44 ± 0.42 12.80 ± 1.22 2.65 1.51

0.5 % (w/v) 8.59 ± 2.02 12.11 ± 2.54 2.70 1.40

1.0 % (w/v) 9.15 ± 1.66 11.75 ± 3.11 2.87 1.28

?Transcutol-P

0.1 % (w/v) 7.11 ± 3.70 12.58 ± 1.82 2.23 1.76

0.5 % (w/v) 7.76 ± 2.98 12.19 ± 2.06 2.40 1.57

1.0 % (w/v) 8.43 ± 3.88 12.03 ± 3.19 2.65 1.42

Control (VP-16 solution of 100 lg/mL)
a Efflux ratio (ER) = Papp (S ? M)/Papp (M ? S), ER C2 indicates drug efflux
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while the secretory permeability was decreased from

(14.63 ± 3.11) 9 10-6 to (13.35 ± 2.01) 9 10-6 cm/s,

p\0.01, in the presence 200 lM of verapamil.

Similarly, the Papp value (M ? S) ofVP-16 in the formof

micellar solution with Solutol HS-15 transport at 0.1, 0.5 and

1 % concentration was found to be (5.12 ± 1.55) 9 10-6,

(5.85 ± 2.34) 9 10-6 and (6.48 ± 3.22) 9 10-6, respec-

tively. The Papp value (S ? M) of VP-16 in the form of

micellar solution with Solutol HS-15 transport at 0.1, 0.5 and

1 % concentration was found to be (13.87 ± 2.34) 9 10-6,

(13.72 ± 1.52) 9 10-6 and (13.54 ± 3.15) 9 10-6,

respectively.

In the same fashion, the Papp value (M ? S) of VP-16 in

the form of micellar solution with Labrasol transport at 0.1,

0.5 and 1 % concentration was found to be (8.44 ± 0.42) 9

10-6, (8.59 ± 2.02) 9 10-6 and (9.15 ± 1.66) 9 10-6,

respectively. The Papp value (S ? M) of VP-16 in the form

of micellar solution with Solutol HS-15 transport at 0.1, 0.5

and 1 % concentration was found to be (12.80 ± 1.22) 9

10-6, (12.11 ± 2.54) 9 10-6 and (11.75 ± 3.11) 9 10-6,

respectively. VP-16 micellar solution with Transcutol-P, the

Papp value (M ? S) at 0.1, 0.5 and 1 % concentration was

found to be (7.11 ± 3.70) 9 10-6, (7.76 ± 2.98) 9 10-6

and (8.43 ± 3.88) 9 10-6, respectively. The Papp value

(S ? M) of VP-16 in the form of micellar solution with

Transcutol-P transport at 0.1, 0.5 and 1 % concentration was

found to be (12.58 ± 1.82) 9 10-6, (12.19 ± 2.06) 9 10-6

and (12.03 ± 3.19) 9 10-6, respectively.

3.3 In vivo Pharmacokinetics

Plasma concentration profile after oral administration of

VP-16 alone, and in presence of Labrasol (1 % w/v, 5 %

w/v and 10 % w/v) in Wistar rats are depicted in Fig. 2.

Table 2 shows the pharmacokinetic parameters (Cmax,

Tmax, AUC0?250min and relative bioavailability) after oral

administration of VP-16 alone, and in presence of Labrasol

at different concentration (1 % w/v, 5 % w/v and 10 %

w/v). The Cmax value of VP-16 alone and in presence of

Labrasol at different concentration (1 % w/v, 5 % w/v and

10 % w/v) resulted, 143.86 ± 6.35, and 674.34 ± 8.16,

1024.21 ± 15.84, 897.10 ± 21.09 ng/mL, respectively.

The difference in Cmax with Labrasol at 5 % (w/v) con-

centration was significantly different (p\ 0.01) when

compared with VP-16 solution alone (Table 2). The Tmax

value of VP-16 alone is 125 ± 6.45 min and in presence of

Labrasol at different concentration (1 % w/v, 5 % w/v and

10 % w/v) found to be and 110 ± 4.19, 77 ± 5.22,

105 ± 7.15 min, respectively. Statistically, the difference

in Tmax of VP-16 in presence of Labrasol (5 % w/v) was

significant (p\ 0.01) when compared to Tmax of VP-16

solution alone whereas the difference was insignificant

(p[ 0.05) when comparedwithin Labrasol samples 1 %w/v

& 10 % w/v. It was observed that AUC0?250min value of

control VP-16 solution was found to be 622.12 ±

14.77 ng 9 min/mL where as AUC0?250min values in

presence of Labrasol were found to be 1121.02 ± 55.09,

1934.32 ± 116.65, and 1011.51 ± 216.84 ng 9 min/mL,

at 1, 5 and 10 % (w/v) concentration, respectively. All the

values of VP-16 when co-administered with Labrasol were

significant (p\ 0.01) as compared to VP-16 alone. The

relative bioavailability of VP-16 in presence of Labrasol

solution was found to be 180.19, 310.92 (p \ 0.01) and

162.59 % at three different tested concentration (1, 5 and

10 %, w/v), respectively, compared to that of VP-16 alone

(Eq. 4).

4 Discussion

Intestinal drug efflux by P-gp is widely recognized as a

major determinant for the low or variable oral absorption of

several structurally unrelated drugs. The P-gp substrate

drugs are challenging with regard to their solubility and

permeability and in particular the need to enhance their

bioavailability. The poor solubility of such drugs does not

only give low oral bioavailability, but also leads to inter-

and intra-subject variability and lack of dose proportion-

ality [23]. The selected excipients used in this study were

reported as solubilizing agents for lipophilic candidates as

well as permeation enhancers in emulsifying formulations

[3–5, 10]. The solubility of VP-16 was improved in the

presence of selected pharmaceutical excipients and the

maximum solubility was found to be in Solutol HS 15,

Transcutol-P and Labrasol. These three excipients having

excellent P-gp inhibitory properties were further selected

for in vitro and in vivo studies. The permeability of VP-16

was investigated by bidirectional transport studies across

rat ileum. The Papp value for VP-16 drug solution from

S ? M was higher than that of the M ? S value, which

indicates that VP-16 is a substrate of P-gp. The results

suggested that P-gp efflux mechanisms are involved in

limiting VP-16 absorption. The functional P-gp trans-

porters in the apical membrane of the intestine secrete

intracellular VP-16 back into the mucosal chamber, which

retards the drug permeation in the absorptive direction but

facilitates drug transport in the secretory direction, with the

consequence that VP-16 exhibits an ER of 4.08. In contrast

to this, verapamil, a positive control for P-gp inhibition,

suppressed the secretion of VP-16 resulting into increased

M ? S flux and decreased S ? M flux, thereby equalizing

the Papp in both directions and maintain the ER 1.38 (B2).

This result indicated that inhibition of P-gp induced by

verapamil can markedly enhance the intestinal transporta-

tion and permeability of VP-16, and subsequently increase

its bioavailability. The apparent permeability coefficients
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of VP-16 micellar solution with Solutol HS 15, Labrasol

and Transcutol-P were compared with that of VP-16

solution across the everted intestinal segment are depicted

in Table 1. It was observed, that all selected concentrations

of selected excipients might inhibit the function of P-gp in

rat ileum, thereby increasing intestinal absorption. Labrasol

considerably increased M ? S transport and decreased

S ? M transport of VP-16 solution when compared with

Transcutol-P and Solutol HS 15 over the concentration

range of (0.1 to 1.0 % w/v). Transcutol-P showed the good

inhibitory effect on the function of P-gp, while Solutol HS

15 had found some inhibitory action on this function.

Based on our findings, Labrasol was found to have the

strongest inhibitory effect on P-gp efflux function among

other pharmaceutical excipients used in this study. It was

reported basolateral-to-apical efflux inhibition by Labrasol

was responsible for permeation enhancement of a poorly

permeable drug, ganciclovir [24]. Although multiple

mechanisms are undoubtedly responsible for the mecha-

nism of permeability transport of P-gp substrates via

excipients, this may partially involve the modulating of the

membrane lipid fluidity or passive transport via both a

Fig. 2 Plasma concentration profile after oral administration of VP-16 alone, and in presence of Labrasol (1–10 % w/v) in Wistar rats

(mean ± SD)

Table 2 Mean pharmacokinetic parameters after oral administration of VP-16 in wistar albino rats (Mean ± S.D)

Formulation Tmax (min) Cmax (ng/mL) AUC0?250 min

(ng 9 min/mL)

Relative

bioavailability (%)

VP-16 (control) (100 lg/mL) 135 ± 6.45 143.86 ± 6.35 622.12 ± 14.77 –

VP-16 ? Labrasol (1 % w/v) 110 ± 4.19

(p\ 0.01)�
674.34 ± 8.16

(p\ 0.01)�
1121.02 ± 55.09

(p\ 0.01)�
180.19

VP-16 ? Labrasol (5 % w/v) 95 ± 5.22

(p\ 0.01)�
1024.21 ± 15.84

(p\ 0.01)�
1934.32 ± 116.65

(p\ 0.01)�
310.92

VP-16 ? Labrasol (10 % w/v) 105 ± 7.15

(p\ 0.01)�
897.10 ± 21.09

(p\ 0.01)�
1011.51 ± 216.84

(p\ 0.01)�
162.59

AUC0?250 min area under the concentration time curve until last observation, Cmax maximum plasma concentration, Tmax time to reach Cmax

p value given in parenthesis
� Significant level in comparison to control
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paracellular and a transcellular pathway [25, 26]. This

approach of investigating potential P-gp-mediated drug

efflux clearly revealed that these excipients have a P-gp

inhibitory role as it interacts with P-gp and blocks the

efflux transport process. Thus, a thorough understanding of

P-gp is important to have an opportunity to improve the

bioavailability of drugs restricted by P-gp. A remarkable

increase in the plasma concentrations of VP-16 was

observed when VP-16 was co-administered with Labrasol

at 1-10 % (w/v) concentration. The presence of Labrasol at

5 % (w/v) significantly increased the AUC0?250min, Cmax

and significantly reduced (p\ 0.01) the Tmax of orally

administered VP-16. The relative bioavailability after oral

administration of VP-16 was enhanced 1.80 fold, 3.10 fold

and 1.62 fold, when co-administered with Labrasol at three

different concentrations (1, 5 and 10 % w/v), respectively.

The Cmax and AUC0?250min of VP-16 were highest when

Labrasol was co-administered at 5 % w/v concentration.

The results suggest that enhancements of oral absorption of

VP-16 by Labrasol are probably due to inhibition of P-gp-

mediated drug efflux. Sha et al. [27] reported that oral

bioavailability of gentamycin in rats was significantly

enhanced when it was co-administered with Labrasol. The

study of Akhtar et al. [3] concluded that the improved oral

bioavailability of VP-16 in the presence of surfactant could

be explained by the significantly improved solubility of

VP-16 by surfactant solubilization which could keep the

drug as the soluble form during the gastrointestinal per-

meation process, and the inhibition of P-gp efflux of VP-16

by solution surfactants. Hence, feasibility of oral admin-

istration of VP-16 with P-gp inhibitory excipients was

considerably improved. However, more clinical data are

necessary to explore feasibility of pharmaceutical excipi-

ents and overcome the bioavailability problems of P-gp

restricted drugs.

5 Conclusions

The results presented the investigation of chemosensitizing

effect of pharmaceutical excipients to attain effective

plasma concentrations and to improve in vivo pharma-

cokinetic profile of VP-16. The challenges associated for

anticancer drugs associated with P-gp substrate include the

selection of right excipients with consideration of their

solubilizing capacity, miscibility, efflux activity and sta-

bility in the GI tract. The research showed that the

enhanced rate and extent of drug absorption using phar-

maceutical excipients, lead to identify suitable vehicles to

improve the solubility and permeability of VP-16. The

observed data indicated that the pharmaceutical excipients

could be used as a chemosensitizer for P-gp substrate

agents with the advantages of increasing the intestinal

absorption of drugs secreted by a P-gp-mediated efflux

resulting in enhanced oral bioavailability. Due to their

excellent role in development of drug delivery systems,

such chemosensitizers offer a promising approach to

improve the oral availability of such clinically important

drugs.
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