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Abstract

Introduction: Piperine (PIP) is a natural ingredient possessing important biological activities. However, its
practical usefulness is limited due to its low water solubility. In our previous research article (PART A), we
demonstrated inclusion complexation of PIP with cyclodextrins (CDs) in the influence of certain hydroxy acids
resulted in tremendous improvement in physicochemical characteristics of PIP. The aim of current research
work was to study biological properties and stability analysis of PIP and its lyophilized inclusion complexes.
Materials and Methods: Initially, Job’s plot experiment was carried out to assess the type of solubility and
stoichiometry of complexes. The solid inclusion complexes were obtained by lyophilization and characterized
by differential scanning calorimetry (DSC), X-ray powder diffractometry (XRPD), saturation solubility, in-vitro
dissolution, in-vitro antioxidant activity, and in-vivo anti-inflammatory activity in carrageenan-induced rat paw
edema model. The short-term stability studies were carried out as per the ICH guidelines. Results: During
assessment, the complexes performed better in terms of in-vitro antioxidant and in-vivo anti-inflammatory activities
than the native PIP. However, PIP: Hydroxypropyl §-CD (HPBCD): Ascorbic acid (AA) ternary complexes elicited
immediate and maximum onset of anti-inflammatory action, as compared to other test samples. In the stability
studies, no noteworthy changes were recorded concerning DSC, XRPD, and in-vitro dissolution studies over a
period of 6 months except complexes with HPBCD. Conclusion: Taking everything into account, complexation
of PIP with CDs, in the influence of AA, would be a successful way to improve its biological properties.
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INTRODUCTION components such as low molecular weight hydroxy acids,
hydrophilic polymers, and amino acids, to the complexation

yclodextrin - (CD) complexation is  system.[1?
the foremost interesting solubility

enhancement method. CDs are  Piperine (PIP) [(2E,4E)-1-[5-(1,3-Benzodioxol-5-yl)-1-
oligosaccharides and are natural by-products  oxo-2,4-pentadienyl]piperidine [Figure 1] is a pungent
of enzymatic starch degradation."”) CDs  alkaloid observed in black pepper possessing antioxidant,
have super molecular lattice structure with ;4 inflammatory, antihypertensive, antithyroid, and
hydrophilic exterior and hydrophobic interior ,tvumor activities. The inadequate solubility of PIP results
that reserve it to accommodate hydrophobic in poor dissolution rate in gastrointestinal tract after oral

drug molecule in to its cavity.) Encapsulation S . .
us Y P administration.'"">] A few researchers reported inclusion
with CDs promotes betterment in water

solubility, dissolution rate, bioavailability, and
stability of low aqueous soluble drugs without
any change in their molecular structure and
permeability  properties.’*!  Hydroxypropyl
B-CD (HPBCD); the hydroxy derivative of
BCD exhibits better water solubility with least
toxicity, therefore, making it more preferable
than fundamental one.”” It has been published
that efficiency of CD complexation could be
improved by incorporation of certain ternary
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Figure 1: Chemical structure of piperine

complexation of PIP with CDs to improve aqueous solubility
and bioavailability of PIP.l''S] The nano-encapsulation of
black pepper olio resin (PIP + Volatile oil) with HPBCD have
been as a successful attempt to improve antimicrobial and
antioxidant activity,!'® whereas Quilaqueo ef al. in 20197
investigated improvement in bioaccessibility and antioxidant
activity of PIP-BCD inclusion complexes.

In our previous research article (PART A), we demonstrated
that inclusion complexation of PIP with CDs (BCD and
HPBCD) in presence of ascorbic acid (AA) as a ternary
component was the best approach toward enhancement
in aqueous solubility and dissolution properties of PIP. In
this present, investigation an attempt was made to prepare
inclusion complexes of PIP with CD and HPBCD in the
presence of citric acid (CA) and AA as ternary components
to improve the hydrophilicity in terms of in-vitro antioxidant
and in-vivo anti-inflammatory activity of PIP. Initially, Job’s
plot data revealed the formation of 1:1 stoichiometry. The
inclusion complexes of PIP with CDs were prepared by
lyophilization technique and characterized by differential
scanning calorimetry (DSC), X-ray powder diffractometry
(XRPD), and further evaluated for saturation solubility,
in-vitro antioxidant, and in-vivo anti-inflammatory activities
of PIP. All the prepared inclusion complexes including pure
PIP were subjected to short term stability studies as per ICH
guideline (Q1A).

MATERIALS AND METHODS

Materials

PIP (Molecular weight: 285.34 g/mol, Purity 97%) was
bought from Sigma Aldrich Chemicals Pvt. Ltd. (Mumbai,
India). BCD (Molecular weight: 1135 g/mol, Purity 98%)
was secured from HiMedia Laboratories Pvt. Ltd. (Mumbai,
India). HPBCD (Molecular weight: 1400 g/mol, degree
of substitution — 0.65, Purity 98%) was purchased from
HiMedia Laboratories Pvt. Ltd. (Mumbai, India). AA (Purity
98%) and CA (Purity 98%) were procured from Loba Chemie
Pvt. Ltd. (Mumbai, India). Analytical grade reagents and

Asian Journal of Pharmaceutics ¢ Jan-Mar 2021 < 15 (1) | 131

xy acid complexes-PART II

glass distilled water were used throughout the experiment.
All chemicals were used without further purification.

Job’s plot experiment

The stoichiometry of the formation of complexes was
confirmed by Job’s plot experiment, where total molar
concentrations of PIP and CDs were kept constant, but their
mole fractions were different.['*2% Variant molar ratios of PIP
(10 x 107 M) in methanol:distilled water (50:50) and CDs
(10 x 107°M) in distilled water were taken to a fixed volume of
10 mL such as 1:9, 2:8, 3:7, and so on. The prepared mixtures
were mechanically shaken on an incubator shaker for 72 h
at 298 + 2 K. The maximum absorbance was measured for
all solutions and the difference in absorbance of PIP in the
presence and in absence of CDs was plotted against R.

_ [Conc. PIP]
B [Conc. PIP] + [Conc. CD] (1)

Where R = Mole fraction of solute.

Preparation of solid systems by lyophilization

Equimolar quantities of pure PIP (0.285 g) and both the CDs
(BCD — 1.135 g and HPBCD - 1.4 g) with or without the
addition of ternary components (0.25%w/v) were transferred
to a beaker containing a mixture of 50 ml of methanol and
50 ml of distilled water. The prepared solutions were sonicated
for 15 min and then allowed to stir for 72 h at 25+2°C with
150 rpmusing a magnetic stirrer (REMI-CIS 24 plus Incubator
Shaker, Mumbai, India). The resulting mixtures were filtered
and placed in a deep freezer (ELCOLD, Denmark) at —80°C
for 24 h. After deep freezing, the obtained solutions were
lyophilized (DELVAC-Mini Lyodel, Chennai, India) at
—80°C for 4 days. The received solid state complexes were
kept in desiccators to avoid it from moisture absorption.

DSC

DSC examination of all samples was assessed using a DSC
analyzer (TA Instruments, SDT Q600 USA). Five milligram of
sample was taken within a closed aluminum crucible and placed
into a temperature controlled DSC cell. The temperature range
was measured from 0 to 200°C under a nitrogen atmosphere
(flow rate 100 ml/min) at a heating rate of 10/min.”"

XRPD

XRPD investigation of pure PIP, both the CDs and lyophilized
complexes were carried out using X-ray diffractometer
(BRUKER - D2 PHA-SER, Germany) with tube anode Cu
over the interval 10-90°/20. The operational data were as:
Generator tension (voltage) 30 kV, generator current 10 mA,
and scanning speed 2°/min.




Percentage of drug content and saturation
solubility studies

The percentage drug content was determined by dissolving
binary and/orternary lyophilized complexes equivalentto 5 mg
of PIP in 50 ml of distilled water. The solutions were filtered
through Whatman filter paper no. 41, appropriately diluted if
necessary and examined spectrophotometrically at 341 nm
(Shimadzu ultraviolet (UV)-visible Spectrophotometer 1800,
Japan).

The saturation solubility studies were performed in
triplicate. The excess amount of PIP and lyophilized
inclusion complexes was placed in solubility tubes
containing 10 ml of distilled water and allowed to shake
for 24 h at 25°C in an incubator shaker (REMI-CIS 24 plus
Incubator Shaker, Mumbai, India). After equilibration,
samples were withdrawn, filtered through Whatman filter
paper no. 41, and analyzed by a UV spectrophotometer
(Shimadzu UV-visible Spectrophotometer 1800, Japan)
at 341 nm. The results of saturation solubility studies
were statistically analyzed by ANOVA (Instate GraphPad
software Inc. Version 3.05).

In-vitro dissolution studies

In-vitro dissolution studies of samples were performed in 0. 1N
HCI(ELECTROLAB-TST-06L/LX, New Mumbai, India) by
paddle method.?>?! Ten milligrams of PIP or its equivalent
amount of the complexes were placed in a dissolution vessel
containing 900 mL of 0.1N HCI maintained at 37 + 0.5°C
at 50 rpm. Five milliliters of samples were withdrawn at 2,
5, 10, 15, 30, 45, and 60 min time intervals. The volume of
dissolution media was adjusted to 900 ml by replacing each
5 ml aliquot withdrawn with 5 ml of fresh 0.1 N HCI. The
filtered solutions were analyzed spectrophotometrically at
342 nm.

In-vitro antioxidant activity

1,1-diphenyl-2—picryl-hydrazyl/2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging assay was
performed to study in-vitro antioxidant activity.?* The
DPPH solution (0.1 mM) in methanol and inclusion complex
solutions (100 pg/ml) in distilled water were prepared.
Both the solutions were mixed in various concentrations of
inclusion complexes and kept in darkness. Thirty minutes
later, the absorbance was measured spectrophotometrically
(Shimadzu 1800, Japan) at 517 nm. Blank was prepared
without the addition of the drug. AA was used as standard and
the capability to scavenge the DPPH radical was calculated
by the following equation,

A

control

DPPH Scavenged (%) =

Test x10 (2)

control
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A, 1 the absorbance of the control reaction and A,
is the absorbance of the complex. The IC, value was also
determined to indicate antioxidant activity. This is the
concentration of fractions that inhibits the formation of
DPPH radicals by 50%. The results of antioxidant activities
were statistically analyzed by ANOVA (Instate GraphPad

software Inc. Version 3.05).

In-vivo anti-inflammatory studies

In-vivo anti-inflammatory studies were approved by the
Institutional Animal Ethical Committee (the Protocol
No. APTRF/RP-29/1718 dated 08/08/2017) for APT
Testing and Research Pvt. Ltd. Pune, India and executed
as per CPCSEA (Committee for the purpose of control
and supervision of experiments on animals) guidelines.
Healthy Wistar male rats weighing 150-180 g were used
in the present study. Three rats per cage were housed in
polypropylene cages with a stainless steel grill top for
the facilities of food, water bottle, and bending of clean
paddy husk. The pelleted feed and potable water passed
through the “Aquaguard” water filter were provided to the
animals. The room temperature maintained between 22 +
3°C, relative humidity 50-60%, and illumination cycle set
to 12 h light and 12 h dark.

The test samples and standard drug (indomethacin 10 mg/kg)
were administered orally to the respective group of rats.
After 15 min of dosing, animals were given a subplantar
injection of 0.1 ml of 1% carrageenan in the right paw. The
paw volume of all rats was measured at 0, 1, 2, 4, and 6 h
by Vernier Caliper. The % inhibition of inflammation was
calculated using the following formula,

C-T

% Inhibition = x100 3)

Where “C” represents mean edema in control and “T”
represents mean edema in the group treated with the standard
drug and test drug.” The statistical analysis as performed
using ANOVA followed by Dunnett’s z-test and expressed as
meandstandard error mean.

Stability studies

The pure PIP, BCD, HPBCD, and lyophilized complexes
(PBA: PIP+BCD+AA and PHA: PIP+HPBCD+AA) were
subjected to the accelerated stability study for 6 months as
per ICH guidelines (Q1A) at 40+2°/75+5% RH for up to
6 months.?*! Samples were put in glass bottles and kept in
a stability chamber (Remi SC-19 plus Stability Chamber,
India). Periodically (initial, after 3, and 6 months) samples
were removed and characterized for DSC, XRD, and
dissolution analysis as per the procedure described in DSC,
XRD, and in-vitro dissolution studies sections.




RESULTS AND DISCUSSION
Job’s plot

The Job’s plot obtained by plotting absorbance of the drug
against the mole fraction of the drug interacting with CDs
[Figure 2] which displayed the maximum peak at 0.5 mole
fraction. The drug absorbance increased with increase in PIP
concentration up to the molar ratio 1:1 and then decreased,
indicating the formation of inclusion complexation at 1:1
stoichiometric ratio, this is the strongest evidence for the
previous phase solubility results.?”

DSC

DSC investigation technique has stood out to examine the
connections among drugs and CDs during the complex
formation. When drug molecules are embedded into the
CD cavity, their melting points usually shift to a different
temperature or disappear.!*$*”!

The DSC curves of PIP [Figure 3A], CA [Figure 3D] and AA
[Figure 3E], exhibited sharp meltingendotherms at 134°, 162°,
and 195°, respectively, indicating their crystalline nature. The
appearance of broad endotherm at 120° in the DSC curve of
BCD [Figure 3B] was attributed to the dehydration process
from the BCD cavity. The binary [Figure 3F] and ternary
(PBC — Figure 3H, PBA — Figure 3J) complexes showed the
appearance of broad endothermic peaks at 81°, 85°, and 88°,
respectively, revealing water loss and disappearance of sharp
melting endotherm of PIP ensuring entrapment of PIP in to
BCD cavity with replacement of water molecule.

The DSC graph of HPBCD [Figure 3C] represented broad
endotherm at 61.88° due to the dehydration process and
absence of melting endotherm indicated the amorphous
phase of HPBCD. In case of HPBCD binary (PH-Figure 3G)

0.07 -

0 0.2 0.4 0.6 0.8 1

R (Mole fraction of PIP interacting with CDs)

—+—BCD —=—HPBCD

Figure 2: Job’s plot for confirmation of stoichiometry of
inclusion complexation
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and ternary (PHC-Figure 31, PHA-Figure 3K) systems, sharp

PIP endotherm was disappeared, indicating a strong physical
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Figure 3: Differential scanning calorimetry thermogram of
piperine (PIP) (A), B-cyclodextrins (CD) (B), hydroxypropyl
B-CD (HPBCD) (C), citric acid (CA) (D), AA (E), PB (F), PH
(G), PBC (H), PHC (I), PBA (J), PHA (K); PB: PIP + BCD;
PH: PIP + HPBCD; PBC: PIP + BCD + CA; PHC: PIP + HPBCD
+ CA; PBA: PIP + BCD + AA; PHA: PIP + HPBCD + AA
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interaction between PIP and HPBCD which resulted in stable
inclusion complexation in solid state.*”! Similar findings have
been reported by Teixeira et al. in 2013,!'8 where HPBCD has
been utilized to form inclusion complexes with black pepper
oleoresin.

XRPD

XRPD is an extremely helpful strategy to relegate the
physical condition of the drug and complexes by examining
their respective diffractograms. XRPD diffractograms of
all samples are displayed in Figure 3. The diffractogram of
pure PIP [Figure 4A] indicated its crystalline nature at 14.61,
14.63, 14.65, 14.67, and 14.69 (20) with peak intensities
1102, 1077, 1110, 1108, and 1213, respectively. The sharp
peak intensities were also observed for CD [Figure 4B], CA
[Figure 4D], and AA [Figure 4E] revealing their crystalline
nature, where a typical halo pattern was recorded for HPBCD
[Figure 4C] with its amorphous nature.

In the case of BCD binary PB [Figure 4F] and ternary PBC
[Figure 4H], PBA [Figure 4J], systems these peaks were
observed to be suppressed indicating the loss of crystallinity
of the drug. However, some crystalline traces were still
observable which might be due to crystalline natured BCD,
CA, and AA. Whereas, for HPBCD binary PH [Figure 4G]
and ternary PHC [Figure 41], PHA [Figure 4K] systems,
these peaks were observed to be completely diffused or
disappeared, endorsing amorphization of PIP achieved
by lyophilization technique®! and formation of inclusion
complexation with CDs, which was further contributed for
improvement in physicochemical properties of PIP.?!32!

Percentage of drug content and saturation
solubility studies

The percentage drug content for PB (PIP+BCD) was found
to be 24+1% (w/w), while for PBC (PIP+BCD+CA),
PBA  (PIP+CD+AA), PH (PIP+HPBCD), PHC
(PIP+HPBCD+CA), and PHA  (PIP+HPBCD+AA),
complexes were found to be 36+1% (w/w), 38+2% (w/w),
34+2% (w/w), 51£3% (w/w), and 51+1% (W/w), respectively,
which indicated significant improvement in complexation
efficiency of ternary systems as compared to that of binary
systems in case of both CDs due to incorporation of CA and
AA as a ternary components.

The saturation solubility data of prepared lyophilized
inclusion complexes are displayed in Table 1 which
illustrates remarkable improvement in solubility as compared
to pure PIP (P < 0.001). From the observed findings, it could
be concluded that the addition of hydroxy acids as ternary
components resulted in improvement in complexation
efficiency as compared to binary complexes which further
gave betterment in hydrophilicity of PIP.[*
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Figure 4: X-ray powder diffractometry diffractogram of
piperine (PIP) (A), B-cyclodextrins (CD) (B), hydroxypropyl
B-CD (HPBCD) (C), citric acid (CA) (D), AA (E), PB (F), PH
(G), PBC (H), PHC (I), PBA (J), PHA (K); PB: PIP + BCD;
PH: PIP + HPBCD; PBC: PIP + BCD + CA; PHC: PIP + HPBCD
+ CA; PBA: PIP + BCD + AA; PHA: PIP + HPBCD + AA

In-Vitro dissolution studies in 0.1N HCI at pH 1.1

The in-vitro drug release profile in 0.IN HCI at pH 1.1 is
illustrated in Figure 5, where the percentage of drug dissolved
is plotted against time. The % drug release at 10 min (DR )
for PIP, PB, PH, PBC, PHC, PBA, and PHA was found to
be7+1,22+3,13+£2,18+2,12+2,22+2,and 100
+ 5, respectively, and dissolution efficiencies of the same at
10 min (DE, ) were calculated as 3+0.8,8+1,7+1,9+2,6
+0.3,9 £ 1, and 38 + 4, respectively [Table 2]. A significant
difference between the dissolution efficiencies of PIP and




complexes (P < 0.001) was observed. From the findings, it
was noticed that the drug release rate was rapid and complete

Time (min)

—4=PIP ~&- PB —+ PH PBC —=—PHC —e—PBA ——PHA

Figure 5: Dissolution profile of piperine (PIP) and all inclusion
complexes in 0.1N HCI at pH 1.1; PB: PIP + p-cyclodextrins
(CD); PH: PIP + hydroxypropyl 3-CD (HPBCD); PBC: PIP +
BCD + citric acid (CA); PHC: PIP + HPBCD + CA; PBA: PIP +
BCD + AA; PHA: PIP + HPBCD + AA

Table 1: Saturation solubility of all systems

System Saturation solubility* Fold increase
(ng/ml) in solubility

PIP 0.0079+1 -

PB 0.0523+12 6.5

PBC 0.075+1.22 9.4

PBA 0.117+1.22 14.8

PH 3.3+1° 417

PHC 4.24+2.22 537

PHA 6.44+2.42 815

PB: PIP + BCD; PH: PIP + HPBCD; PBC: PIP + 3CD + CA;
PHC: PIP + HPBCD + CA; PBA: PIP + BCD + AA; PHA:

PIP + HPBCD + AA; * mean+D (n=3); Standard deviation;

aP value compared to pure PIP (P<0.0001). PIP: Piperine,

CD: Cyclodextrin, HPBCD: Hydroxypropyl B-CD, CA: Citric acid

from HPBCD binary (PH) as well as ternary systems (PHC,
PHA) indicating HPBCD performed well as complexing and
solubilizing agent.*? The PHA complexes have shown 100%
drug release at 10 min time interval suggesting addition of
AA as a ternary component resulted in improved stability
(phase solubility studies) and complexing property.

In-vitro antioxidant studies

In-vitro antioxidant activities of pure PIP and all lyophilized
complexes are shown in Table 2. Accordingly, PBA, PHC,
and PHA complexes exhibited better antioxidant activity than
pure drug and other complexes P4, Similar results have been
observed by Jullian et al. (2007) and Teixeira et al., where
formation of inclusion complexes improved antioxidant
activity of encapsulated moiety.’>'9 The IC,  value is a
guide to antioxidant values, explicating the addition of AA
as a ternary component gave synergistic contribution for
insightful effect on antioxidant activity (P <0.001). It could
be reported that the inclusion complexation of PIP with CDs
in the presence of AA as a ternary component might have
reduced the chances of its auto-oxidation.

In-vivo anti-inflammatory activities

All data relevant to in-vivo anti-inflammatory activities
are displayed in Table 3 and Figure 6. Pure PIP has shown
delayed anti-inflammatory action which was at 4 h due to
poor absorption. However, PBA complexes indicated positive
% inhibition at 2 h due to betterment in hydrophilicity by
inclusion with BCD. The PHA complexes have shown
immediate and maximum onset of action at 0.5 h revealing
faster absorption of PIP, due to wetting property of CDs,
increased complexation efficiency by addition of AA as
ternary component and formation of inclusion complexes.

In general, the PIP shows anti-inflammatory activity
by inhibiting the expression of interleukin—6, matrix
metallopeptidase-13, and reducing the production of

Table 2: /n-vitro antioxidant activities of all systems

System % antioxidant activity of all systems at various concentrations (ug/ml)? IC,, (ug/mI)
1 2 4 8 16 20

PIP 18+1 29+1 34+2 37+3 40+1 43+2 24+1
Standard 19+1 25+2 34+2 45+2 58+3 76 2 10 +1°
PB 35+2 36+2 38+1 39+1 412 43 +1 37 +1b
PH 28+2 34+2 38+3 41+3 411 41 +2 31 £2°
PBC 35+3 36+2 38+3 39+2 412 43 +2 37x2°
PHC 372 401 40+2 49+3 49+3 52 +2 151
PBA 35+3 371 40+2 4442 45+2 50 +2 15+2°
PHA 38+3 42+1 48+2 51+2 51+2 60 +3 9+1°

PB: PIP + BCD; PH: PIP + HPBCD; PBC: PIP + 3CD + CA; PHC: PIP + HPBCD + CA; PBA: PIP + BCD + AA; PHA: PIP + HPBCD
+ AA; @Indicates mean+S.D. (n=3); "Significant difference compared to IC,, value of PIP (P<0.001). PIP: Piperine, CD: Cyclodextrin,

HPBCD: Hydroxypropyl 8-CD, CA: Citric acid
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Table 3: In-vivo anti-inflammatory activity in

carrageenan-induced rat paw edema model

Time (h) % inhibition*

DC STD PIP PBA** PHA**
0 -62+12 -49+12 -58+9 -57+16 -64+9
0.5 -68+3 -49+7 -60+3 -61+5  68+1
1 -67+4  47+10 -62+4 -60+2 682
2 -67+2 49+3 -56+2 58+4 72+8
4 -61+4 45+5 57+7 55+4 70+4
6 -56+3 44+4 55+2 55+2 70+4

*Mean+SD (n=6); (**) sign indicates non-significant difference
compared to pure PIP (P>0.05); (-) sign indicates increase in paw
edema; (+) sign indicates decrease in paw edema; SD: Standard
deviation; DC: Rats received carrageenan; STD: Rats received
carrageenan and indomethacin; PIP: Rats received carrageenan
and PIP; PBA: Rats received carrageenan and BCD ternary
complexes of piperine with AA; PHA: Rats received carrageenan
and HPBCD ternary complexes of piperine with ascorbic acid.

PIP: Piperine, CD: Cyclodextrin, HPBCD: Hydroxypropyl 3-CD,
AA: Ascorbic acid

Figure 6: Visual representation of in-vivo anti-inflammatory
study (a) normal paw (b) inflamed paw (c) difference in paw

Prostaglandin E2.>36! Furthermore, it inhibits LPS-induced
expression and production of inflammatory factors.’”! The
inclusion complexation of PIP increases its aqueous solubility
and might be useful for enhancing the stability through the
gastrointestinal tract which increases the drug concentration
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at the site of action, further resulted in the enhancement of
anti-inflammatory activity.

Stability studies

Stability studies — DSC

DSC assessment was performed to have a look at the thermal
behavior of natural PIP in addition to lyophilized inclusion
complexes at distinct time durations (initial, 3, and 6 months).
The thermograms of all samples subjected to accelerated
stability study are displayed in Figure 7.

The shape of the melting endotherm of PIP [Figure 71] was
observed to be intact all throughout the ageing period. The
DSC thermogram of BCD [Figure 7all] demonstrated broad
endotherm at 120°C at initial stage indicating presence of
crystalline phase which continued as it was during the entire
ageing period [Figure 7bll and clI].

At the time of aging, the form of HPBCD thermogram
[Figure 7I1I] was found to be modified. During beginning
stage [Figure 7a.IlI], the wide endotherm of HPBCD (due to
loss of water molecule) was seen to be at 61°C. During aging
period, it was shifted to at higher temperatures, that is, 88°C
[Figure 7b.111] and 77°C [Figure 7c.III], respectively, due to
moisture absorption.

The BCD ternary complexes, PBA [Figure 7a.IV], showed
broad endotherm during initial time. This indicated entrapment
of PIP by loss of water molecules, which continued up to 6
months [Figure 7b.IV and c.IV]. Ternary component (AA)
gave stability to the system and had performed its role
consummately.

The PIP complexes with HPBCD demonstrated lower
endotherm at all time periods [Figure 7v] as compared
to natural PIP and other complexes. This was due to
dehydration and entrapment of drug molecules into the CD
cavity, resulting in the formation of inclusion complexes. The
presence of dehydration endotherm and disappearance of PIP
melting endotherm clearly ascribed for amorphous nature of
PHA complexes. After 6 months, we could not collect PHA
sample due to glassy nature of the complexes, which might
be because of moisture absorption.®!

Stability studies — XRPD

XRPD diffractograms of all systems which were subjected
to stability studies are displayed in Figure 8. Pure PIP
[Figure 8.1] and BCD [Figure 8.1I] with sharp peak intensities
recommended their crystalline nature, whereas halo pattern
of diffractogram of HPBCD indicated its amorphous nature
[Figure 8.II1]. The PBCD ternary complexes [Figure 8.
IV] indicated diffused peak intensities and traces of some
crystallinity of BCD and AA throughout the 6 months
period. In the case of HPBCD ternary [Figure 8.V] system, a




cid complexes-PART II

/\m | \‘/
,\/ :E; [
: ;
: 3
: g
“ 0
j -
RN I !
J h.
\/ w
¥
\/ 1o I F I3 EEEEEE
| & ] » 5 » .| IW!:: Temwre |:E:I
E Tepstn (T E

Figure 7: Differential scanning calorimetry (DSC) thermograms of all aged samples. (a) DSC thermograms of all systems at
initial stage. (b) DSC thermograms of all systems after 3 months. (c) DSC thermograms of all systems after 6 months. Where,
piperine (1), B-cyclodextrins (CD) (Il), hydroxypropyl $-CD (lll), PBA (1V), PHA (V)

similar halo pattern was observed up to 3 months as of initial
characterization [Figure 8a.V]. These halo patterns endorsed
the transformation of crystalline PIP to its amorphous form.

Stability studies — In-vitro dissolution Studies

Although PIP has shown up to 25% release at 60 min after
6 month, it illustrated that pure drug has not undergone
any change in the content of API, as far as its stability
concerned it remained intact throughout the 6 months
period [Figure 9a-c]. In case of PBA complexes, no drastic
change in the dissolution profile was to be observed. For
HPBCD ternary complexes (PHA), up to 3 months, similar
dissolution profiles were observed as that of initial time
[Figure 9a].
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From observed findings, it could be concluded that no
significant changes were seen in DSC, XRD and dissolution
patterns of PIP and BCD ternary complexes (PBA) up to 6
months. As like BCD complexes, HPBCD complexes of PIP
(PHA) were also stable up to 3 months. After 6 months, it
was difficult to collect the sample of PHA as it was found
in a glassy state, which might be because of moisture
absorption by complexes (plasticizer effect by water vapors)
and enthalpy relaxation process (material encounters gradual
loss of energy in terms of enthalpy)*! of amorphous HPBCD.
These complexes have stable up to 3 months and plausibly all
up to 6 months by addition of some antiplastisizers (polyvinyl
pyrrolidone, hydroxypropyl methylcellulose, polyethylene
glycol, etc.) to the complexes and by suppressing the rate of
enthalpy relaxation.*$*]
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Figure 8: X-ray powder diffractometry (XRPD) diffractograms of aged samples. (a) XRPD diffractograms of all systems at initial
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Figure 9: Drug release profiles of aged samples. (a) Drug release profile of all systems at initial stage. (b) Drug release profile
of all systems after 3 months. (c) Drug release profile of all systems after 6 months
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CONCLUSION

The present work exhibited successful formation of inclusion
complexes of PIP with CD and HPBCD in presence and/
or absence of CA and AA by lyophilization technique,
resulting in remarkable improvement in biological properties
of complexed PIP than native one. The characterization
studies confirmed the formation of inclusion complexes.
HPBCD complexes prepared with AA gave incredible
improvement in in-vitro antioxidant and in-vivo anti-
inflammatory activities. Stability studies concluded that
lyophilized inclusion complexes of PIP with both CDs were
stable up to 3 months. Nonetheless, in vivo pharmacokinetic
studies of supramolecular complexes of PIP with CDs may
be necessarily conducted in future for further formulation
development.
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