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Abstract
Sustained release formulation of noscapine (Nos) HCl could be useful in maintaining plasma Nos HCl level for prolonged period
of time, which is important for chemo-sensitization. However, weakly basic drugs like Nos HCl have pH-dependent solubility.
Therefore, the purpose of this study was to achieve pH-independent drug release by developing the sustained release dosage form
of Nos HCl using biodegradable polymer Eudragit RLPO and FDA-approved pHmodifier citric acid (CA) by hot melt extrusion
(HME) technique. Nos HCl was successfully formulated using 10% CA with 91.2 ± 1.34% drug recovery through the extruder.
X-ray diffraction (XRD) results showed that drug was completely dispersed in the polymer and changed to amorphous from its
crystalline form. In vitro drug release studies in pH 6.8 buffer showed that formulation containing 10% CA released 70.99 ±
3.85% drug in 24 h after initial burst release of 40.04 ± 2.39% compared to formulation without CA. Furthermore, in vivo
pharmacokinetic data showed the sustained release plasma concentration time curve with significant (p < 0.05) increase in area
under curve (AUC) in Nos HCl extrudate compared to Nos HCl solution. Overall, HME can be used to enhance the bioavail-
ability and achieve the pH-independent solubility of weakly basic drugs like Nos HCl.
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Introduction

Several drugs which are weak bases or their salts have pH-
dependent solubility. Such drugs are less soluble in basic
pH compared to acidic pH environment. Therefore, these
drugs show the variability in their release pattern in differ-
ent pH buffers in vitro. These variabilities are important in
in vivo studies and may cause inter- and intra-individual
differences in bioavailability and plasma profiles [1, 2].
Various researchers have reported that increased pH in GI
tract results in incomplete absorption of several basic drugs

including rifampicin, ketoconazole, and dipyridamole [2].
So far, numerous methodologies have been reported to ad-
dress the issue of pH-dependent solubility of weakly basic
drugs. Dashevsky et al. demonstrated that the use of ex-
tended and enteric release polymers as film-coating mate-
rials can attain pH-independent drug release in which they
showed that enteric polymer has low solubility in acidic
pH and it rapidly dissolves in basic pH which helps in
enhancing the solubility of poorly soluble drug by increas-
ing porosity of the film coat [3]. In another study by Takka
et al., enteric polymer Eudragit L as a pH-dependent solu-
ble filler was incorporated into hydroxypropyl methylcel-
lulose (HPMC) matrix tablets which was dissolved and
formed pores in basic pH to augment the drug release [4].
In many studies, organic acids (e.g., succinic or fumaric
acid) have been used to generate a favorable pH microen-
vironment to attain improved release of weakly basic drugs
or their salts irrespective of the pH environment [5–7].
Streubel et al. demonstrated the enhanced drug release of
verapamil hydrochloride from matrix tablets containing
HPMC or ethyl cellulose by using adipic, sorbic, or
fumaric acid as a pH modifier [5]. Fumaric acid has also
been used to achieve pH-independent release of weakly
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bas ic drug ZK 811752 from polyvinyl ace ta te /
polyvinylpyrrolidone matrix tablets and polyvinyl acetate/
polyvinylpyrrolidone-coated pellets respectively [8]. In ad-
dition to this, citric acid (CA) has also been used as a pH
modifier by Nie et al. to increase the drug release of
vinpocetine from HPMC matrices into phosphate buffer
[9]. Noscapine (Nos) HCl, a phthalide isoquinoline alka-
loid without sedative, euphoric, analgesic, or respiratory
depressant properties, is used as an antitussive agent
worldwide [10]. Recent studies have shown that Nos HCl
is also tubulin-binding and can be used for its anticancer
properties [11–17]. Nos HCl also acts as a potent chemo-
sensitizer for various anticancer drugs including docetaxel
and doxorubicin [18–27]. The oral route for drug delivery
has been preferred because of its ease of administration and
patient compliance. However, relatively high doses of the
drug (ED50 300 mg/kg body weight) are essential for in-
duction of anticancer activity. To date, development of oral
formulations of the Nos has been limited because of the
large dose required, poor absorption, low dissolution or
aqueous solubility, and extensive first-pass metabolism
[28]. HME has now been used more commonly in pharma-
ceutical industries for development of variety of dosage
forms including tablets and pellets because of its numerous
advantages including enhancing the solubility and bio-
availability of poorly soluble drugs [29–31]. Eudragit
RLPO has been reported as a chemically stable polymer
with excellent extrudability and pH-independent proper-
ties. It is a copolymer of ethyl acrylate, methyl methacry-
late, and a low content of methacrylic acid ester with qua-
ternary ammonium groups. It has been reported that the
presence of higher number of ammonium groups in the
Eudragit RLPO structure helps the polymer to be more
permeable [32]. It is also reported as a FDA-approved
polymer and has been used in various studies including
the study of Park et al. who reported the effect of
Eudragit RLPO and RSPO on release of theophylline and
carbamazepine from hot melt extruded formulations
[33–35]. Eudragit RLPO has low glass temperature, high
thermostability, excellent thermoplastic properties, and high
miscibility with active pharmaceutical ingredients (APIs) and
other excipients. Moreover, the use of CA as a plasticizer and
pH modifier in the extrusion process has been reported in
many studies [36, 37]. Sustained release formulation of Nos
HCl could be useful in maintaining plasma Nos HCl levels for
prolonged periods of time, which is important for chemo-
sensitization [10]. Therefore, the purpose of this study was
to achieve pH-independent drug release by developing the
sustained release dosage form of Nos HCl using biodegrad-
able polymer Eudragit RLPO and FDA-approved pHmodifier
CA by HME technique and to evaluate the pharmacokinetic
characteristics of the formulation in Sprague-Dawley (SD)
rats.

Materials

Eudragit RLPOwas obtained from Evonik (Essen, Germany).
Noscapine HCl was obtained from Sigma Aldrich and citric
acid was obtained from spectrum chemicals. All the solvents
used in HPLCwere of HPLC grade. Hot melt extrusion equip-
ment, model Omicron 10P (Steer America, OH, USA), was
used for processing the formulation. Microfuge 22R
Centrifugation equipment (Beckman Coulter, CA, USA)
was used for the centrifugation process.

Methods

HME equipment

In this technique, the material is processed in the rotating
screw at a set temperature, torque, and speed of the screw
through a die having different configurations which re-
sults in a solid dispersion. HME equipment has three
types of screw with outer diameter: inner diameter
(DO:DI) ratio of 1.21, 1.55, and 1.71. It has five zones,
namely feeder zone, conveying zone, melting zone,
mixing zone, and discharge zone, through which the ma-
terial passes and forms the extrudate. Screw speed rota-
tion can be adjusted from 20 to 800 rpm depending on the
requirement.

Formulation of Nos HCl formulation

As shown in Table 1, briefly, Nos HCl and Eudragit RLPO
were triturated with and without CA. The powder mixture was
then fed into the feeder of extruder (hot melt extruder, Steer
America, OH, USA). The barrel temperature of 120 °C for the
powder mixture with CA and 135 °C for the mixture without
CA was maintained in all the five zones of extruder: feeder
zone, conveying zone, melting zone, mixing zone, and dis-
charge zone. Additionally, the materials were processed with
three different screw configurations with different
DO:DI ratios (1.21, 1.55, and 1.71). The extrudate was then
collected from the discharge zone and pulverized into the ball

Table 1 Composition of Nos HCl formulation showing formulations
from A1–A4 having variation in the concentration of Eudragit RLPO (%)
and citric acid (%)

Formulation Nos HCl (%) Eudragit RLPO (%) Citric acid (%)

A1 10 90 –

A2 10 87.5 2.5

A3 10 85 5

A4 10 80 10
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mill (Retsch MM200, Glen Mills Inc., NJ, USA) which was
further passed through sieve no. 80 (US standard sieve series,
The W.S. Tyler Company, OH, USA) and was finally filled
into size “0” HPMC capsules.

Drug assay using HPLC

Nos HCl analysis was carried out using the Waters HPLC
alliance e2695 system with PDA detector at a wavelength of
232 nm. Acetonitrile (ACN) and 20 mM ammonium acetate
(pH 4.5) at a ratio of 80:20 (v/v) were used as a mobile phase
with the flow rate of 1.0 ml/min. The injection volume and the
retention time were 50 μl and 4.45 min respectively. Data
acquisition and analysis were performed using Empower soft-
ware (Waters Corporation, MA). The calibration curve (peak
area vs concentration) was generated over the range of 1–
50 μg/ml and was found to be linear with a correlation coef-
ficient of 0.9995 (Figs. 1 and 2 in the supplementary data). To
determine the drug content in Nos HCl formulation, briefly,
extrudate was dissolved in ACN:pH 4.5 buffer (mobile phase)
in a 10-ml volumetric flask which was then vortexed to dis-
solve the drug completely. Furthermore, the solution was cen-
trifuged, and supernatant was collected which was then ana-
lyzed by HPLC. Healthy untreated SD rat was used for the
HPLC method development of Nos HCl. Briefly, blood was
collected from healthy untreated rats using cardiac puncture
method. The blood was then centrifuged to obtain plasma. The
resultant plasma was further used in the HPLC method
development.

Fourier transform infrared (FTIR)

Nos HCl extrudate was analyzed by FTIR using a Spectrum
100 PerkinElmer spectrophotometer (PerkinElmer, USA),
which was equipped with crystal diamond universal ATR
(UATR) sampling accessory. Spectra were obtained by the
KBr disc method using a Thermo Scientific Nicolet iS5
FTIR instrument (Waltham, MA, USA). Briefly, the sample
was dissolved in chloroform and was applied on the KBr disc.
The disc was then placed in the FTIR instrument for analysis.

X-ray diffraction (XRD)

XRD of Nos HCl extrudate and Nos HCl API was performed
using an automated X’Pert Pro diffractometer (PANalytical,
Almelo, the Netherlands) in Bragg-Brentano geometry with a
flat sample holder filled using the back-loading technique to
minimalize preferred orientation. Diffractogramswere collect-
ed using X’Pert Data Collector version 2.2.c (PANalytical,
Almelo, Netherlands) in continuous scan mode with a scan
region of 5° until 50° and a step size of 0.008°. The counting
time was 40.005 s. Data visualization and treatment were done

using X’Pert Data Viewer version 1.2.a (PANalytical,
Almelo, the Netherlands) [38].

In vitro drug release study

In vitro release study of Nos HCl (crude drug) (control), Nos
HCl without CA, and Nos HCl with 10% CA was performed
using USP apparatus-I (basket) using acidic buffer pH 1.2 for
2 h. Briefly, 500 ml of buffer was placed in the flasks and the
temperature was adjusted to 37 °C with 75 rpm speed.
Capsules containing powdered extrudate of Nos HCl and
crude drug (50 mg) (control) were then placed in the basket
after the temperature was reached to the set value. Samples
(0.3 ml) were collected after 0.5, 1, and 2 h and same quantity
of fresh buffer was added in the flask to maintain the sink
condition. In vitro release study was separately performed
with the same setup using phosphate buffer pH 6.8 as disso-
lution medium. Samples (0.3 ml) were collected after 1, 2, 4,
6, 8, 12, and 24 h and same quantity of fresh buffer was added
in the flask to maintain the sink condition. Furthermore, all the
samples were centrifuged at 10,000 rpm for 15 min to obtain
the clear supernatant. A total of 150μl of supernatant was then
mixed with same quantity of ACN:pH 4.5 buffer (mobile
phase) and analyzed by HPLC.

Optimization of extruder parameters

Effect of different barrel configurations on drug release

Formulation was extruded with Eudragit RLPO by different
barrel configurations 1.21, 1.55, and 1.77 (DO:DI ratio).
Furthermore, the formulation was analyzed by in vitro drug
release study. The barrel configuration which showed higher
drug release was selected for further studies.

Effect of CA concentration on drug release

Nos formulation was extrudedwith different concentrations of
CA (2.5, 5, and 10%). All the extrudates were analyzed by
in vitro drug release study. CA concentration which showed
enhanced drug release in a sustained manner from the Nos
extrudate was selected for further studies.

In vivo pharmacokinetic study

Sprague-Dawley (SD) rats (body weight 250 ± 10 g, Charles
River, USA) were housed in cages for a minimum of at least
3 days prior to beginning the study and had free access to food
and water. Rats were randomly divided into two groups (n =
5): Nos HCl extrudate with 10%CA andNos solution. As Nos
HCl was readily soluble in water, Nos solution was prepared
simply by dissolving the drug in distilled water. The rats were
fasted for 12 h prior to the experiments, and after 2 h of dosing
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of formulations, they were given access to food. A total of
50 mg/kg dose Nos HCl of Nos HCl extrudate and Nos solu-
tion was given orally by using oral gavage. Serial blood sam-
ples (200μl) were taken from the tail vein at time points 0.5, 1,
2, 4, 6, 8, 10, 12, 24, and 48 h post-dosing. The whole blood
was collected into heparin-coated tubes and centrifuged at
4 °C at 12,000 rpm for 5 min to obtain plasma. The plasma
samples were kept frozen at − 80 °C until analysis [38, 39].
For the HPLC analysis, the plasma samples were mixed with
same quantity of ACN:pH 4.5 buffer (mobile phase). All the
samples were vortexed for 2 min to separate the drug from the
plasma. They were then centrifuged at 14,000 rpm to obtain
clear supernatant. The resultant supernatant was then injected
in HPLC to determine the drug content. Animal protocol was
approved by the Institutional Animal Care and Use
Committee (IACUC) (protocol number: 020-04).

Statistical analysis

All the results of the study have been expressed as the mean ±
standard deviation for at least three repetitions. One-way anal-
ysis of variance (ANOVA) analysis was used for the compar-
ison among multiple groups followed by Tukey’s multiple
comparison test, while Student’s t test analysis was used for
the comparison between two groups. The mean differences
were considered significant in all experiments valued at
*p < 0.05, **p < 0.01, and ***p < 0.001.

Results

Formulation of sustained release dosage form of Nos
HCl

Nos HCl and Eudragit with and without CAwere successfully
extruded through an extruder at 120 °C and 135 °C respec-
tively with a glassy extrudate. Data revealed that Nos HCl and
Eudragit mixture, when extruded below 135 °C, Nos was not
evenly distributed in the polymer, and extrudate was not
glassy suggesting solid dispersion was not formed with the
drug and polymer. Similarly, when Nos HCl and Eudragit
were extruded with CA below 120 °C, solid dispersion was
not formed and extrudate was not glassy. Addition of CA
reduced the processing temperature from 135 to 120 °C.

Drug assay

All the Nos extrudates were analyzed for drug content to con-
firm if there was any drug loss in the process of formulation.
Results revealed that all the extrudates showed 91.2 ± 1.34%
of drug recovery.

In vitro drug release study

Data from in vitro release study in acidic pH 1.2 buffer
showed that 81.59 ± 4.39%, 10.93 ± 2.97%, and 13.68 ±
3.24% drug was released from Nos HCl (crude drug) (con-
trol), Nos HCl without CA, and Nos HCl with 10% CA in 2 h
(Fig. 1a). Furthermore, in vitro drug release of Nos HCl with
10% CA formulation in pH 1.2 was evaluated for drug release
kinetics (zero order, first order, Higuchi, and Peppas as shown
in Fig. 5a, b, c, and d in the supplementary data) to understand
the drug release mechanism. Zero-order release pattern was
observed with an R2 value of 0.9805 for Nos with 10% CA
formulation. In vitro drug release data in basic pH 6.8 buffer
showed that Nos HCl (crude drug) (control), Nos HCl without
CA, and Nos HCl with 10% CA released 4.68 ± 0.48, 22.25 ±
3.71, and 70.99 ± 3.85% drug respectively (Fig. 1b) in a 24-h
study. Furthermore, in vitro drug release of Nos HCl formu-
lation with 10% CA was evaluated for drug release kinetics
(zero order, first order, Higuchi, and Peppas; Fig. 6a, b, c, and
d in the supplementary data) to understand the drug release
mechanism. Data showed that the Peppas release pattern was
observed with an R2 value of 0.9955 with Fickian diffusion
drug release mechanism based on the n value (0.171) calcu-
lated using the Peppas equation.

Effect of different barrel configurations on drug
release

Eudragit RLPO with CA 10% and 10% Nos HCl were proc-
essed in different barrel configurations (1.21, 1.55, 1.71) and
evaluated for drug release from the extrudate. Results showed
that extrudate processed using barrel 1.21 released 70.99 ±
3.85% of drug with an initial burst release of 40.04 ± 2.39
drug in pH 6.8 buffer (Fig. 2).

Effect of CA concentration on drug release

Results revealed that extrudate containing Nos HCl with
Eudragit RLPO and CA 5% and 10% released 53.41 ± 2.45
and 70.99 ± 3.85% drug respectively within 24 h in pH 6.8
buffer (Fig. 3).

FTIR

Figure 3 shows the FTIR spectra of Nos HCl having charac-
teristic peaks at 1670–1821 cm−1 for carbonyl (C=O) group,
1250–1340 cm−1 for cyanide (C–N), and 1180–1200 cm−1 for
ether (C-O-C). Extrudate containing combination of Nos HCl
with Eudragit RLPO and extrudate of Nos HCl dehydrate,
Eudragit RLPO, and CA showed the presence of all the char-
acteristic peaks present in the drug (Fig. 4).
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X-ray powder diffraction

Figure 4 depicts the powder X-ray diffractograms of Nos HCl,
extrudate of Nos HCl with Eudragit RLPO, and extrudate of
Nos HCl dehydrate, Eudragit RLPO, and CA. Nos HCl
diffractogram showed various diffraction peaks, whereas the
extrudate did not show any peak in their diffractograms (Fig. 5).

In vivo pharmacokinetic study

Results from in vivo pharmacokinetic study in rats revealed
that Nos HCl solution and Nos extrudate did not show signif-
icant difference in the Cmax and Tmax. Cmax for Nos HCl solu-
tion and Nos extrudate were 21.35 ± 4.34 and 18.61 ±
4.72 μg/ml respectively. Furthermore, Tmax for Nos HCl
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Fig. 1 a In vitro drug release
study of Nos HCl (crude drug) in
pH 1.2 buffer showing significant
increase in drug release compared
with Nos HCl without CA and
with 10% CA formulations. b
In vitro drug release study of Nos
HCl with 10% CA in pH 6.8
buffer showing significant
increase in drug release compared
with control Nos HCl (crude
drug) and Nos HCl without CA

Fig. 3 In vitro drug release study of Nos HCl at different concentrations
of CA showing enhanced drug release in pH 6.8 buffer when the drug
was processed with 10% CA in the extruder in contrast to 5% CA

Fig. 2 In vitro drug release study of Nos HCl with different barrel
configurations showing increased drug release in pH 6.8 buffer when
the material extruded in barrel 1.21 (DO:DI) compared with barrels
1.55 and 1.71 (DO:DI)
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solution and Nos extrudate were 0.70 ± 0.27 and 0.80 ± 0.27 h
respectively. However, Nos HCl extrudate showed a signifi-
cantly (p < 0.05) high area under the curve (AUC0–48) of
406.99 ± 179.81 (μg h/ml) in contrast to Nos HCl solution
which showed an AUC0–48 of 167.62 ± 35.82 (μg h/ml).
Plasma-drug concentration curve also showed that Nos
extrudate released the drug in a sustained pattern as compared
with Nos HCl solution (Fig. 6; Table 2).

Discussion

Hypothesis of the present work was that HME-based solid
dispersion technique along with pH modifier approach will
enhance the bioavailability of Nos HCl and show the sustained
release behavior of a drug from the formulation. In this study,
we formulated sustained release dosage form of weakly basic
drug Nos HCl and enhanced the bioavailability in contrast to
Nos HCl solution. Preliminary studies revealed that Eudragit
RLPO showed enhanced drug release compared with other
Eudragit polymers which could be because of Eudragit
RLPO characteristics which might have helped in releasing
more drug in basic pH environment. Furthermore, all the pa-
rameters of HME including temperature, screw speed, and
barrel configuration were optimized for the sustained release
formulation of Nos HCl. CA was used as a pH modifier to
control the release of drug from the formulation. CA has been
widely used as an acidifying agent in solid oral dosage forms
[1, 40, 41]. Solid dispersions of poorly soluble APIs in citric
acid produced by co-melting techniques exhibited increased
dissolution rates. Furthermore, the plasticizing effects of CA
monohydrate (CA MH) on certain acrylic polymers including
Eudragit® L 30D-55, Eudragit® S100, and Eudragit® RSPO
have been previously demonstrated [37, 41]. Optimization of

CA concentration study revealed 10% CA was found to be
optimal to enhance the drug release in a sustained manner.
We further confirmed the conversion of the amorphous form
of the drug from its crystalline form by extrusion process using
XRD analysis which showed the complete absence of drug
peaks in the drug polymer mixture extrudate. The results are
in concordance with the study by Chowdhury et al. where they
demonstrated that the absence of the endothermic peak of
resveratrol (RAS) and tamoxifen (TAM) in the extrudate
consisting of combination of Soluplus as a polymer and
TAM and RAS as drugs indicates that drugs were completely
dispersed in the polymer and attained the amorphous form
[38]. The study of Kate et al. also showed that HME-
processed atovaquone resulted in the conversion of the crys-
talline form of the drug into amorphous form indicating en-
hanced bioavailability of the drug [42]. Park et al. have dem-
onstrated that the crystalline form of both drugs in the
extrudate containing theophylline (TP) and carbamazepine
(CBZ) changed into the amorphous form in the HME process
[35]. Furthermore, FTIR spectra showed the presence of car-
bonyl, cyanide, and ether functional groups in the drug poly-
mer mixture extrudate proving that the drug was not degraded
in the extrusion process which might be because the drug was
extruded below its degradation temperature. Eudragit RLPO
played a critical role in processing the material at low temper-
ature, whereas CA further helped in lowering down the glass
transition temperature. Many studies have shown that drugs
remain stable when processed in HME process below their

Fig. 4 FTIR spectra of Nos HCl
(API), Nos HCl with Eudragit
RLPO and CA extrudate, and Nos
HCl with Eudragit RLPO
extrudate showing presence of
characteristic peaks for all the
functional groups present in Nos
HCl (API)

�Fig. 5 X-ray diffractograms of a Nos HCl (API), b Nos HCl with
Eudragit RLPO extrudate, and c Nos HCl with Eudragit RLPO and CA
extrudate showing presence of various diffraction peaks in Nos HCl
(API), whereas no peak in the extrudates
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degradation temperature [36, 38, 43]. Effect of concentration
of CA on percent drug release study revealed that, at low
concentration of CA (2.5%), the material could not be proc-
essed which might be because of insufficient concentration of
plasticizer present in the blend which could not reduce the
glass transition temperature of polymer Eudragit RLPO.
Furthermore, at 10% concentration of CA, formulation
showed significant improvement in the drug release behavior
which could be because CA successfully lowered down the
glass transition temperature of polymer and the processing
temperature as well. Many studies have shown that CA as a
plasticizer helps in reducing the processing temperature and
enhances the drug release in basic environment due to its pH-
modifying characteristics [37]. Nos HCl formulation contain-
ing 10% of CA showed significant (p < 0.05) increase in drug
release as compared with Nos HCl (crude drug) control and
Nos HCl without CA formulation in vitro drug release in
pH 6.8, suggesting that CA played an important role in en-
hancing the drug release from the drug polymer mixture
extrudate in basic environment. Results revealed that Nos
HCl formulation containing 10% of CA followed Peppas re-
lease pattern with Fickian diffusion drug release mechanism in
basic dissolution medium and zero-order drug release pattern
in acidic dissolution medium. Eudragit RLPO, a biodegrad-
able polymer, was chosen in the formulation owing to its high

chemical stability, good extrudability, and pH-independent
properties and also has been used widely in the past by various
researchers [33]. Park et al. studied the effect of hot melt ex-
truded Eudragit RLPO and RSPO on the release of TP and
CPZ where they showed increasing the proportion of RLPO in
the formulation lead to increase in the percent drug release
[35]. Pharmacokinetic data showed significant (p < 0.05) in-
crease in AUC in Nos HCl extrudate formulation compared
with Nos solution which suggested that bioavailability was
significantly enhanced by the extrusion method along with
pH modifier approach. Patil et al. demonstrated that HME
process enhanced the bioavailability of fenofibrate solid lipid
nanoparticle (SLN) formulation compared with marketed for-
mulation and crude fenofibrate drug [39]. Kate et al. studied
the formulation of solid dispersion of atovaquone using HME.
They found that the formulation showed improved release in
contrast to Malarone® tablets, and 3.2-fold and 4.6-fold
higher bioavailability in contrast to Malarone® tablets and
atovaquone respectively. The higher bioavailability also re-
sulted in increase in anti-malarial activity to 100% in murine
infection model at 1/8th therapeutic dose [42]. Bioavailability
enhancement of Nos HCl using co-solvent and cyclodextrin-
based approaches has been reported in the literature. In this
study, inclusion complexes of the drug were prepared using
hydroxypropyl-b-cyclodextrin and sulfobutyl ether cyclodex-
trins. Polyethylene glycol succinate, vitamin E tocopherol, and
propylene glycol-based co-solvent formulations showed im-
proved drug permeability coefficient. Also, the relative drug
bioavailabilities with the cyclodextrin-based formulations and
co-solvent were found to be similar [28]. Nos HCl bioavail-
ability has also been enhanced by formulating hydroxypropyl
methylcellulose–stabilized self-emulsifying solid dispersible
carriers of Nos. In this study, stable self-microemulsifying
dispersions (SMEDDs) at a SMEDD-to-water ratio of 1–
3:7–9 parts by weight was developed by using oil/surfactant/
co-surfactant mixture of Labrafil M1944, Tween-80, and
Labrasol optimized at weight ratios of 62.8:9.30:27.90%.
Pharmacokinetic study showed that Mann-Nos SESD was
40% more bioavailable as compared with Nos self-
emulsifying solid dispersible microparticles (Nos SESDs)
and was effective in sensitizing H1650 SP cells to cisplatin
in vitro and in an orthotopic lung tumor model of H1650 SP
origin. They also found that mannosylated noscapine self-
emulsifying solid dispersions (Mann-Nos SESDs) are bio-
available and enhance the antineoplastic effect of cisplatin-
based chemotherapy in cisplatin-resistant non-small-cell lung
cancer (NSCLC) [10]. HME has also been reported in the
literature for the enhancement of bioavailability of various
drugs with solid dispersion technique and pH modifier ap-
proach [39]. Overall, in this study, we have enhanced the drug
release of weakly basic drug noscapine HCl in basic pH envi-
ronment and also achieved sustained drug release with en-
hanced bioavailability.
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Fig. 6 Average plasma-drug concentration time profile of Nos HCl so-
lution and Nos extrudate following oral administration of 50 mg/kg dose
of Nos HCl (mean ± SD, n = 5)

Table 2 Pharmacokinetic parameters of Nos HCl solution and Nos
extrudate after oral administration of 50 mg/kg dose of Nos HCl

Parameters Nos HCl solution Nos HCl extrudate

Cmax (μg/ml) 21.35 ± 4.34 18.61 ± 4.72

Tmax (h) 0.70 ± 0.27 0.80 ± 0.27

AUC0–48 (μg h/ml) 167.62 ± 35.85 406.99 ± 179.81
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Conclusion

Nos HCl sustained release formulation was successfully opti-
mized using HME and evaluated by XRD, FTIR, in vitro
release study, and in vivo pharmacokinetic study.
Bioavailability of Nos HCl was significantly enhanced, and
pH-independent drug release was achieved by HME using
Eudragit RLPO as a polymer and CA as a pH modifier.
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